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EIS

Envirenmental Impact Statement (EIS)
Definition of Technical Terms

1. Biodegradation
The destruction of organic materials to eventually to become as inorganic materials, that
could be made available for a fresh cycle of plant growth, by microorganisms, soils, natural
water bodics and waste treatment systeins.
2. Biota
Fauna and flora of a water body.
3. Chemical Oxygen Demand (COD)
‘The amount of oxygen required for chemical oxidation of organic matter, principally in
wastewater, using either dichromate salt, referred to as chromate COD (COD-Cr), or
permanganate salt, referred to as manganese COD (COD-Ma), as the oxidizing agent. COD is
essentially a measure of pollution level in water/wastewater. Basically COD-Cr is universally
adopted as the COD, in particular with non-saline water/wastewater.
4. Gas vent
The piping facilily installed in a solid waste landfilt area to vent (convey) the gases like CO2
{carbon dioxide) and CH4 (methane) generated underground to atmosphere consequent  to
ongoing biodegradation of buried solid waste.
5. Leachate

Liquid wastewater percolating (passing) through a solid waste landfill/dump which in the
process extracted dissolved (leached) soluble materials, such as organic salts and mincral salts,
consequent to ongoing degradation of the solid waste.
6. Sanitary Landfill
A solid waste burial site operated in such a manner to minimize environmental hazards. The
disposed waste is continuously compacted and covered adequately with a layer of soil to
minimize blowing, odour, fire hazard and fly and rodent nisance. Due provisions are also
made to minimize environmental hazards duc to leachate and bio-gas generated underground
consequent to ongoing degradation of buried solid waste.
7. Solid Waste
Discarded materials consequent to human living and consumption activity, such as garbage,
refuse, scrap and others, that are most commonly landfilled, but also be incinerated or
recycled.
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ENVIRONMENTAL IMPACT STATEMENT (EIS)

1. Introduction

This EIS is formulated for the solid  wasle management improvement project for the capital
region of Maldives, The Project was formed consequent to the master plan and feasibility
siudy for the improvement of solid wastc management in the capital region of Maldives,
Male, and is surrounding islands conducted by JICA (Japan International Cooperation
Agency) for the MCPW {Ministry of Construction and Public Works) of the Government of
Maldives.

The target year of the solid waste management improvement master plan is 2010 and that of
the Project subjected to this EIS, which formed the initial phase of the master plan and also
the subsequent feasibility study, is 2003,

2. Need for the Project

Solid waste generation is inherent to human consumption. In particular the solid waste
generation is very significant in developed areas like the capital region of Maldives with high
economic aclivity and population density and isa potential source of environmental pollution.
The present (1998) solid waste gencration in Male is estimated at about 175 tons/day. Proper
managenient of solfid waste is a prerequisite to sustain the basic living environmental
sanitation of an urban environment. Accordingly the project is classified as a basic human
need project for sanitation.

3 Initiator of the Project

The Ministry of Construction and Public Works (MCPW), the responsiblc agency for the
transportation and final disposal of solid waste generated in the capital region including the
management of the existing final solid waste disposal site in Tilafushi serving the capital
region and the surrounding islands, is the principal agency responsible for the implementation
of the Project, and hence the Project Initiator.

4, Baseline Envirenmental Condition
4.1 Overall environment

A detailed description on existing baseline environmental condition in Tilafushi area as well
as Male, including coral ecology in Tilafushi reef and the adjacent reef of Guthifalhu and sea
water and sea-bed material quality of Tilafushi and Male, groundwater quality in Male and
leachate quality in the ongoing landfill area in Tilafushi (Tilafushi-1) is illusirated in Chapter
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3 of the Main Report (Volume I-Master Plan). The relevant portions of the above Chapter 3
are incorporated as Annex of this EIS document.

Based on the coral ecological survey results (the survey was conducted in June 1998) the
present status of coral lifc in and around the Tilafushi Reef was assessed as summarized
below.

- The Tilafushi recf-flat coral life of channel reef and inner reef is more degraded in
comparison to the outer channel reef-flat facing the Vaadoo channel.

- No significant specific areas of degraded coral life on the reef-stope of Tilafushi were
noted.

- Dispersed dredged material from the Titafushi reef consequent to the ongoing landfill

operation leads to silt deposition on adjacent Gulhifalhu reef affecting ifs coral life.

Based on the analylical resulis of sea water and sea-bed material (sediment) sampling
conducted in and around Tilafushi and Male both arc assessed as unpolluted and
representative to background levels of natural condition (refer to Table A-9, A-10and A-11 of
Annex for the analytical results of seawater and sediment quality). However the groundwater
in Male is assessed as significantly poliuted, since the COD level was mostly in the range of
about 15-20 mg/l (refer to Table A-7 of Annex for the analytical results of Male groundwater
quality). It is noted that COD leve! of unpolluted groundwater does not normally exceed 5
mg/l. The leachate qualily in the existing solid waste landfill island of Tilafushi (Tilafushi-1}
indicated active stabilization of leachate aided by exchange with surrounding sea water. Also
the metallic contamination level in leachate was found to be insignificant (refer to Table A-8
of Annex for the analytical results of leachate quality in Tilafushi-1).

4.2  Baseline environment of existing Tilafushi Island

The solid waste landfill operation in the existing Tilafushi island (Tilafushi-1) was
commenced in December 1992 and has becen in operation for about 6 years. The ongoing
landfill operation in Tilafushi could be classified as solid waste dumping in ponds created by
dredging in reef-flat and raising the tand level just above sea level with a final cover of
dredged material from reef flat. Infrequent open burning of garbage prior to land-filling, as a
crude means of processing of solid waste, was also noted. This inadequate solid waste
management resulls in strong unpleasaat odor and severe fly nuisance. Apart from these basic
landfill management issues other significant environmental issues concemed to the present
Tnlal‘ushl land{ill management are summanzed below.
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() Dispersal of dredged material due to unconfined dredging

Unconfined and uncontrelled dredging of reef flat for the creation of pond space for filling
garbage and for gencraling cover malerial for landfill results in dispersal of sediment to
surrounding marine water environment. This sediment load is perceived to adversely aflect
the marine biota, in particular coral life. It is noted that miligation of dispersal of dredged
sediment will not only eliminate any adverse effect on marine biota but also save valuable
cover material for landfill.

(2)  Dispersal of garbage due to ineffective conflinement

Floating garbage (solid waste) in water of a new solid waste dumping area is prevalent due to
inadequate confinement of solid waste dumping area. Morcover temporary storage of solid
waste 100 close to the shoreline may also be a cause of dispersal of garbage to surrounding
maring water environment. Ineffective coastal erosion mitigation mcasures and the
progressing coastal erosion also results in dispersal of even compacted solid waste to
surrounding marine water environment. Dispersal of garbage to surrounding marine water
need to be eliminated as the basic technically acceptable means of final solid waste disposal.

3) Degradation of inner lagoon of Tilafushi

The inner lagoon located along the western face of the existing Tilafushi island is essentially a
semi-enclosed water body. Insuflicient ditution and dispersion of leachate from the landfill 5s
pecceived as the cause of progressing eutrophication of this inner lagoon that also resulted in
coral disease and mortality. Mitigation measures against uncontrolled diffusion of leachate
into inner lagoon with tess assimilative capacity need to be contemplated.

{4y  Improper land-use of completed landfill area

Land reclaimed with solid waste has alteady been earmarked for various indusirial and
warehouse use and some tenants have already commenced construction of relevant facilities.
In this casc of present Tilafushi island, solid waste is simply considered as a land reclamation
material and reclaimed land is used with scant aitention to the hazardous nature of leachate
and other Mlamable gases generated consequent to the progressing degradation (stabilization)
of dumped solid waste underground. This environmentally hazardous haste misuse of
completed solid waste landfill area needs to be completely eliminated.

5 Pfoject Description
5.1 General

The proposed solid waste management project will cover principally the development of a
new sanitary landfill site on Tifafushi reef, referred to as Tilafushi-2, adjacent to the present
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site on the same reef, referred to as Tilafushi-1, from the year 2001 to the year 2003. In
addition the proposed project is also comprised of solid waste collection improvement in Male
including the provision of a new solid waste transfer station.

This Tilafushi-2 project in essence is comprised of two principal impacted areas of potential
beneficial effects and adverse effects.

1. The solid waste generation and transportation arcas of Male and the sbrrouﬂding islands
(beneficial areas of environmental sanitation improvement).

2. 'the final solid waste disposal arca of Tilafushi Reef/Island (Tilafushi-2 area subjected to
potential adverse environmental eftects).

The transportation of generated solid waste is essential for the mitigation of cnvironmental
sanitation deterioration of the arcas of Item 1 above. The relevant project components to
realize this objective like the procurement of solid waste conveyance vehicles and others
including the transfer station are not only minor project components with zespect to their
project scale but also their potential adverse environmental effects are insignificant in
comparison to the sanitation improvement benefit realized by inhabitants.

Still it is noted that the existing solid waste transfer station is very unsatisfactory since it

functions only as a primitive intermediate solid waste dump site and draws complaints from

surrounding residents, in particular, due to its emanation of offensive odor. In fact the present
transfer station is located in an area classified as residential area as per the authorized land-use
plan. Accordingly, a new improved solid waste transfer station will be provided as a
component of this project. The existing solid waste transfer station will be closed with the
inauguration of the new transfer station by this project, leading to further envirenmental
improvement even in the solid waste collection arca of Male island.

On the other hand the final solid waste disposal area in Tilafushi Reef, Tilafushi-2, as of ltem
2 of above not only has large scale of project activity resulting in land reclamation of
submerged reef with solid waste but also subjected o potential adverse environmental effects
requiring in-built mitigation measures. Accordingly, the components of sanitary landfill
project concerned to the development of the new Tilafushi island by this project, Tilafushi-2,
in between the project implementation period from the year 200t to the year 2003 are only
considered as most significant and targeted for environmental assessment by this EIS.

Still the improved new solid waste transfer station in Male and the new solid waste Jandfiil
site in Tilafushi are considered as significant projects and targeted for project description in
the subsequent sections. 1t is further noted that it is presumed that the present landfill
operation will continue until the year 2000 and the required access jeity facility for the new
tandfill development by this project in Tilafushi-2 will also be in place until that time. These
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intermediate activities until the year 2000 as well as any present or future activity concerned
to Titafushi-1 are not parts of this project and hence not targeted by this EIS,

5.2 New solid waste transfer station project for Male

The locations of the present solid waste transfer station in Male and the new improved
transfer station by this project are shown in Fig. 1. The detailed plan of the facilities of the
new transfer station is shown in Fig. 2.

It is noted that the new transfer station is completely surrounded by public roads and will be
fenced off, an important mitigation measure against odor and aesthelic nuisance to
surrounding environment. Morcover, planned segregated storage of solid waste as evident
from Fig. 2 will further minimize potential odor and other nuisance. Also any leachate
generated in the transfer station will be elfectively drained to the sewerage system, thereby
ensuring the basic sanilary condition of the transfer station. Accordingly, the new improved
transfer station incorporates the required in-built mitigation measures against potential
adverse environmental effects prevalent in the present transfer station and not targeted for any
further assessment in this EIS.

5.3  New solid waste landfill project in Tilafushi

The proposed location of the new sanitary landfill sitc on the Tilafushi Reel by this project,
Tilafushi-2, is located adjacent to the existing Tilafusht Island, Tilafushi-1, towards north-
west. The existing Tilafushi Island, Tilafushi-1 (also the present solid waste landfill arca),
located on the channel reef of Titafushi and the proposed new sanitary landfill area of this
project, Tilafushi-2, located on the inner reef of Tilafushi, are shown in Fig. 3. Details of the
project facilities are shown in Fig. 4 (the layout) and Fig. 5 (the sectional details). It is noted
that though the construction and the operation activilies of this project are distinct both
aclivities would occur in fandem during the initial two (2) year period of the project
implementation (200§-2002), the period in which all construction activities are planned to be
accomplished. Hence in the year 2003 only the landfill operational activity in Tilafushi-2
would be continued.

It is noted that Tilafushi-3 area shown Fig. 3 is the proposed future sanitary landfill
development area beyond the year 2003 (planned to be commenced from the year 2004)
following the closure of the Tilafushi-2 area as implemented by this project. Even though
Tifafushi-3 is not a component of this project, it is presumed that a similar sanitary landfill
system as per the Tilafushi-2 instituted by this project would be adopted in the development
of future Tilafushi-3 as well.

The basic feature of the new saniiary landfill system of Tilafushi-2 is as follows;

- Area of landfill development is 10.5ha.




- The maximum height of landfill above MSL (mean sea level) is about 3.4 m.

- A double layer landfill development system will be adopted to arrive at the final height of

about 3.4 m above MSL (4 m above LLWL or lowest of low water level, the datum).

Details of the landfill structure are summarized below and its sectional details are shown in

Fig. 5.
Details of Landlill Structure
Depthof | Layer of Waste Filling | Height of Filiing | Seawall Structure | Seawall Structure
Bottont layer of Inner Lagoon of Inner Reef
Reef (Seawal 2) (Seawall 1)
EL-25m 2 Layers EL+4.0m Sheet Pile Rock
3.2m below  |First layer up to +2.0m {3.4m above mean]  Impermeable Retention ditch
mean sea level [Second layer up to sca level wall between rock
+4.0m walls

‘The significant project components of the construction activity are as follows;

- Construction of seawall with leachate retention ditch (Seawall-1) atong the northera reef-
flat boundary of the new Tilafushi-2 facing the inner reef side (ref. Fig. 4 and 5).

- Construction of seawall with steel sheet pile (Seawall-2) along the southern reef-flat
boundary of the new Tilalushi-2 facing the lagoon reef side (ref. Fig. 4 and 5).

- Excavation along the centre of the recf-flat of Titafushi-2 with silt screen protection to
~generate material 1o form the sand-bank of the sanifary landfill system (A typical silt
screen is shown in Fig. 6).

- Building of administration (operation and maintenance or O/M) facility.

The seawall protection with armour stone around the island of Tilafushi-2 is the exterior
protection structure of the landfill area against tides and waves which would also mitigate
over-caniage of garbage to surrounding marine environment. The steel sheet pile protection
atong the lagoon reef is intended at mitigating diffusion of leachate into the lagoon having
limited exchange with open sea since it is a semi-enclosed water body (ref. Fig. 4 and 5).

The significant project components of landfill operational activity are as follows;

- Deposition and compaction (fand-filling) of solid waste and the subsequent completion of
initial (first) layer of landfill operation with cover material on a sequential area-wide basts.
The landfill operational process of the initial layer is iflustrated in Fig. 7.
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- Dredging on reel-flat on sequential area-wide basis to create space for commencing land-
filling operation as well to generate landfill cover material. The dredging (excavation)
micthod is illustrated in Fig. 8.

- Installation of pas-vent piping facility and leachate monitoring wells. A typical gas venting
pipe is shown in Fig. 9.

- Land-filling of solid waste 1o form the final layer and the subsequent completion of the
entire landfill operation with final cover on a sequential area-wide basis. The landfill
operalional pracess of the (inal layer is illustrated in Fig. 10.

- Greening of completed land with final cover material using vegetation. An imagery of
vegelated green arca of Tilafushi-2 is shown in Fig. L1.

It is emphasized that sift-screen is adopted as the most significant mitigation measure against
the dispersat of dredged material to the surrounding marine water environment. This would
result in the simuliancous benefits of conservation of valuable cover material while preserving
the marine biota sensitive to silt deposition like the coral life on the reef as well as
deterioration of marine water quality. A typical silt screen is shown in Fig. 6 for illustrative

purpose.

6. Envirenmental Impacts and Mitigation
6.1  General

Implementation of the proposed new sanitary landfill project in Tilafushi (Tilafushi-2) could
be divided into four (4) distinct stages of pre-construction, construction, operation (post-
construction) and post-operation. The anticipated enviconmental impacts and the relevant
mitigation measures will also be distinct for cach of these project stages. However as
illustrated in the foregone section in the case of this sanitary landfill development project,
initially the construction and operation stages will occur in tandem though the respective
activities are distinct. It is further noted that post-operation stage represents the management
of entircly completed and closed, for any further reception of solid waste, landfill area
(Tilafushi-2). The impacts and mitigation measures for each of these four {4) project slages
are illustrated in the subsequent sections.

6.2  Pre-construction stage
(1) - Aclivity -

The requirement of land acquisition for the construction of the project facilities and the
resultant reseftlement of population and housing compensation, if any, is identified as the
most significant pre-construction activity with potential adverse effect of social nature.
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(2) Inipacts

The proposed project arca for solid waste sanitary landfill development  (Tilafushi-2 of Fig.
3) is a submerged uninhabited reef-flat located at inner reef of Tilafushi. As the area is
uninhabited and belongs to the government no resettlement of population or land acquisition
issue arc involved. Morcover this inner reef area, in contrast to the outer reef area adjacent to
the Vaadu channel, is not famous for diving and other sca water related recreation by tourism
industry and also there are no marine protection arcas. I is noted that the “Lion Head” area on
the outer reef is a marine protected area. Accordingly, anticipated adverse social impact by
the implementation of this final solid waste disposal project is evaluated as insignificant,

(3) Mitigation

No mitigation mcasure is contemplated as any potential adverse effect is cvaluated as
insignificant.

6.3  Construction stage
(1) Activity

Significant construction activities concerned to the implementation of the project (new
sanitary landfilt in Tilafushi-2) are as follows;

1. Construction of seawall with lcachate retention ditch (Seawall-1) along the northern reef-
flat boundary of the new Tilafushi-2 facing the inner reef side (ref. Fig. 4 and 5)

2. Construction of seawall with steel sheet pile (Seawall-2) along the southern recf-flat
boundary of the new Tilafushi-2 facing the lagoon reef side (ref. Fig. 4 and 5)

3. Excavation along the centre of the reef-flat of Tilafushi-2 with silt screen protection (zef.
Fig. 6) to generate material to form the sand-bank of the sanitary land fill system

4. Building of administration {operation and maintenance or O/M) facility
2) Impacts

Potential adverse effects associated with the construciion activities delineated above are
illustrated below.

All significant construction activitics delineated above result in the destruction of immobile
marine biota, in particular coral life, on the targeted reef-flat area of Tilafushi-2. This
inevitable loss of marine biota is in fact the first step in the conversion of the very ecosystem
of the reef-flag from the saline aquatic ccosystem to land based terrestrial ecosystem with
irreversible long term consequence. .
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Still the live coral cover on this reef-flat area is low of only about 2% as per the baseline coral
ecological survey (ref. Section 4.1 and also Scction A.2 of Annex for details). Morcover a
minimum reef-flat set-back distance of 10m along the face of the northern inner reef boundary
of the scawall (Scawall-1 of Fig. 4 and 5) with relatively high coral cover on the reef-slope
will be provided. This set-back distance though primarily intended at protecling the scawall
(Scawail-1) coastal protection structure of Tilafushi-2 and heace the landfill system against
high waves, it would also result in the conservation of coral life at least along the edge of the
(northern} inner reef-flat area.

Other potential temporary short-term adverse effects concerned to the installation of steel
shect pile for Seawall-2 (activity 2 of above) is the inherent noise and vibration. Morcover the
dredging in reef-flat as per activity 3 of above would have the potential to aftect the coral life
on surrounding reef with silt deposition as well as short term and temporary deterioration of
sarrounding marine water quality. Pofential adverse effect due to the construction of
administration building is considered as insigaificant in consideration to the small scalc of this
project activity.

(3) Mitigation

The mitigation measures as incorporated in the form of in-built mitigation in the project
constiuction plan as required are illustrated below.

The tong term and irreversible loss of immobile marine biota, in particular coral life, on the
rcef-flat due to the conversion of the very ecosystem to a land based terrestrial environment as
delineated above is inevitable. The selection of inner-reef flat area with low live coral cover
for the project is stitl is an in-built mitigatton measure of loss minimization.

Concerning the temporary effect of noise and vibration due to the installation of steel sheet
pile polential adverse effect is evaluated as insignificant since the project area is an
uninhabited submerged reef away from residential areas and hence no specific mitigation
measure is contemplated.

As the in-built mitigation measure against the dispersion of dredged material silt screen
protection is adopted which would also save valuable landfill cover material (zef. Fig. 6).

6.4  Operation stage
(1) Activity

Significant operational activities of the project {Jandfill operation in Tilafushi-2) are as
follows; ' '
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1. Deposition and compaction (land-filling} of solid waste and the subsequent completion of
initial layer of landfill operation with cover material on a sequential arca-wide basis (ref.
Fig. 7)

2. Dredging on reef-fiat on sequential area-wide basis (ref. Fig. 8) (ref. Fig. 6) to create space
for commencing land-filling operation as well to generate landfill cover material

3. Installation of gas-vent piping facility (ref. Fig. 9) and leachate monitoring wells

4. Land-filling of solid waste to form the final layer and the subsequent completion of the
enlire tandfill operation with final cover on a sequential area-wide basis (ref. Fig. 10)

5. Greening of completed land with final cover material using vegetation (ref. Fig. 11)
(2) Impacts

Potential adverse effects associated with the operational activitics delineated above are
illustrated below.

Land-filling activity would lead to potential odor and fly nuisance associated with
biodegradable solid waste matter. Morcover dispersion of garbage to surrounding marine
water environment may occur. Progressing biodegradation of land-filled solid waste would
lead to gencrafion of leachate, a source of potential marine water pollution. Morcover
spontaneous fire duc to emission of bio-gas like methane from landfill and uneven land
subsidence in compacted landfill area may occur. All of the above potential adverse effects
are essentially inherent to landfill development system and need to be given duc consideration
in the design of the project. Moreover, similar to effects described under the impacts on
construction stage of forcgone section, dredging may lead to dispersion and deposition of silt
material on to surrounding coral life as well temporarily affecting the surrounding marine
water quality.

&) Mitigation

The mitigation measures as incorporated in the form of in-built mitigation in the operational
plan of the project as required are illustrated below.

The basic in-built mitigation measure against odour and fly nuisance is the soil cover of the
landfill system. Moreover selective application of insecticide and deodorant to office space
and other landfill operation rclated machinery and equipment having infense human
interaction will be conducted. The seawalls provided around the landfill area, in addition to
serve principally as a coastal erosion mitigation structure, would mitigate the disbersal_o_f
solid waste (garbage) and other debris to the surcounding marine environment. Provision of
gas vent as a project component is directly intended at miligating spontaneous fire hazard due

1¢
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to emission of bio-gas from underground (ref. Fig. 9). The mitigation measure against
uneven land subsidence is the controlled land use of any portion of completed landfill arca as
a green area with vegetation (ref. Fig. 11). This measure also aceds to be continued during the
post-opecation stage as iltustrated in the subsequent section.

As the mitigation measures concerned to the adverse effects duc to dispersion of teachate on
to the surrounding marine water environment the following are adopted;

The dispersion of leachate to the inner tagoon of the reef is mitigated with the provision of
stecl sheet pile along the lagoon face of the seawall (Seawall-2 of Fig. 4 and 35). This is in
consideration to the progressing cutrophication of this inner lagoon due to the ongoing landfill
operation in Tilafushi-1, which is allributed to insufficient exchange of water in the lagoon
due to its semi-enclosed nature {ref. Section 4.2).

The dispersion of leachate to the surrounding marine environment will be atong the inner rcef
side toward north of the Tilalushi-2 facing the open sea with active sea current and wave
action (the Seawall-1 face of Fig. 4 and 5). As the means of provision of primary {reatment of
leachate prior to its dispersal into surrounding marine water environment leachale retention
ditch is provided as a structural component of Scawall-1.

This leachate retention ditch will function as a stabilizalion pond to provide primary treatment
for the cluted leachate prior to its dispersion to the sea through porous armour stone
embankment of the seawall (Seawall 1 of Fig. 4 and 5) including initial dilution and mixing of
the eluted leachate with seawater retained within the retention ditch area. This stabilization
pond system will also lead to uniform dispersion of leachate through the secawall
embankment. Moreover the attached microorganisms that would inherently devclop in the
pores of the armour stones would provide additional treatment for the dispersing leachate to
the surrounding marine water environment.

This pre-treatment provided to the leachate is expected to be adequate to mitigate any leachate
induced adverse effect to the marine ecosystem. This assessment is also based on the present
scawater quality in the vicinity of Tilafushi-1 which remains virtvally unaftected even with
the ongoing inadequate landfill operation as delineated in Section 4.2.

As the mitigation measure against dispersal of dredged material, similar to the mitigation
measure of construction stage, silt sereen protection (ref. Fig. 6) could be adopted. Still, it is
noted that with proper planning and execution of dredging operation to create space for solid
waste tand filling, dispersion of dredged material to the surrounding marine environment
could be mitigated by effectively ufilizing the seawall protection structurc of the landfill
syslem. . e
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6.5  Post-opevation stage

The post-operational stage is basically the management of completed sanitary landfill area,
Tilafushi-2, {the land just reclaimed from sca with solid waste land flling) in an
environmentally acceptable manner, with due consideration to the hazardous natlure of the
leachate and other flammable bio-gas like methane generated underground {and vented as per
the project design) conseguent to the ongoing biodegradation of solid waste (ref. Fig. 9} and
the resultant potential uneven land seitlement.

It is strongly recommended to manage the reclaimed land (Tilafushi-2) as a geeen area
(wooded area) with intense trec plantation not only to enhance the ecological value of the
newly created terrestrial environment but also to expedite the on-going biodegradation
undergeound and hence to optimize the time frame of leachate and gas generation. In order to
integrate both the ecological and economic benefits, development of the green area as an
animal and bird park (similar to a zoo) may be considered as a lang-terin land-use option.

The management of this completed landfill arca as a green arca (park) is recommended to be
undertaken by the Ministry of Fisheries and Agriculture (MO¥FA) which is not only
responsible for the management of uninhabited wooded istands but also has the required
capability to develop green areas with intense iree plantation since it has a plant nursery.

Finally ensuring the land-use of the “post-operation project arca” as a green arca (wooded
area) is the only conceived mitigation measure against adverse environmental effect in the
post-operation stage of the project (reclaimed Titafushi-2 island). An imagery of typical green
area of Tilafushi-2 is shown in Fig. 11.

T. Environmental Management and Monitoring
1.1 Environmental management

The operational management of the sanitary landfill system is basically a technical
requirement, which could also be considered as the environmental management rcqmrcmenl
since the project in itself is an environmentally oriented project.

‘The environmental management or the operational management is the responsibility of the
operator of the landfill system, the MCPW, also the Project Initiator. This is elaborated in the
Main Report (Volume 2 on Feasibility Study).

7.2 Environmental monitoring

The basic aint of the environmeatal monitoring program is to monitor the potential long-term
effect due to the operation  (and as well post-operation) of the sanitary landfili system in
Tilafushi-2 on selected, representative and imporiant surrounding environmental components.

12
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Such a selective monitoring on a regutar basis is to ensure that any potential adverse effect is
in fact insignificant and also to contemplate additional environmental mitigation measuwres as
appropriate on a timely manner in case the results of monitoring indicates the confrary.

Esseatially environmental monitoring should be an integral activity of overall operational
management of the land(ili system to ensure the system is in fact a “sanitary landfill system”,
even though the monitoring program would differ from the day to day solid waste tand-filling
and other dircctly related activities.

The proposed environmental monitoring program would cover three (3) most representative
components of landfitl leachate quality, surrounding marine water quality and ecological
stalus of coral life. In principle the monitoring program would be commenced within one {1)
year following the start of construction works in Tilafushi-2. The basic monitoring
requirement for each of these 3 components is delineated below. It is noted that the Public
Health Laboratory (PHL) of the Ministry of Healih (MOH) and Marine Research Scction
{MRS) of the Ministry of Fisheries and Agriculture {(MOFA) shall be the responsible
monitoring agencies, respeclively for the leachate cum (imarine) seawater quality monitoring
and coral ecological status monitoring. The proposed tentative leachate and sea water quality
monitoring locations are shown in Fig. 12.

(1) Landfill leachate quality monitoring pregramme
(i) Monitoring locations

‘the leachate quality will be monitored using leachate samples obtained from 1he
leachate monitoring wells that would be instituted in Tilafushi-2 island, specifically
for this leachate quality monitoring purpose, in tandein with progressing completion of
landfill operation. Also the teachate in the retention ditch provided along Scawall-1
(ref. Fig. 4 and 5) to impart primary treatment of leachate prior to its dispersion into
suirounding marine water environment be monitored. Morcover, the only remaining
non-demolished leachate monitoring well in Tilafushi-1, near the present jetty, will
also be monitored (ref. Fig. 12).

The proposed localions of leachate quatitly monitoring are seven (7) as follows (ref.
Fig. 12);

-. LM,, the exisling leachate monitoring well in present Tilafushi (Tilalushi-1)

- LM,-LM,, four (4) Icachate meonitoring wells to be provided in the project area
(Tilafushi-2)

- LM-LM,, two (2) leachate monitoring locations within the retention ditch
(stabilization pond) of Seawall-1

i3
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Monitoring frequency and paramcters

The frequency of monitoring shall be at least twice times a year, once during the
relatively high wave and sainy season of July-August (within this 2 month period) and
the other during the relatively calmer wave and dry season of Janvary-February
{within this 2 month period).

The leachate water quality parametets of measurement shall be as [ollows;

Direct measurement at field: Temperature, pH, EC {eleciric conductivity), DO
(dissolved oxygen) and H2S (hydrogen sulfide)

Measurcment at laboratory: Chloride, COD-Cr (chronate chemical oxygen demand),
NH4-N (ammonia nitrogen), PO4-P (phosphate/ortho-phosphorus) and Sulfide shall
be the mininnun number of parameters to be measured at all times, with the last four
{4) parameters being the principal poliution indicators.

Still in consideration to the insignificant tevel of metallic parameters measured in the
leachate of Tilafushi-1 during the baseline survey of this project (ref. Table A-8 of
Annex for details) and also in due consideralion to the analytical complexity and
limited analytical capacity of PHL, only one time measurement of the following
metallic parameters is recommended to be carricd out as a component of the similar
bascline envitonment survey for the future Tilafushi-3 development project. The
proposed metallic parameters of measurement are copper (Cu), iron (total Fe),
cadmium (Cd), chromium (total Cr), Zinc (Zn), lead (Pb) and mercury (lotal Hg).

Moniforing agency

The Public Health Laboratory (PHL) of the Ministry of Health (MOH}) shall be the
responsible agency for monitoring and be allocated independent budget to undedtake
this monitoring on its own conforming the frequency of monitoring delincated above.

Scawater quality monitoring program around Tilafushi-2

Monitoring locatiens

The sca water quality, principally in the vicinity of Tilafushi-2, will be monitored
using samples obtained both from the northern inner reef-slope arca adjacent to
Scawall-1 and the opposite southern reef-slope area adjacent to Seawall-2, the
Tilafushi lagoon (ref. Fig. 3 and 4). The proposed locations of leachate cum sea water
quality monitoring arc shown in Fig. 12. It is noted that the proposed sea water quality
monitoring locations include the new (south-west) harbour area of Male island as well.

14
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‘The proposed locations of leachate quality monitoring are six (6) as follows (ref. Fig.
12);

- SM,, the new (south-west) harbour area in Male, the solid waste barge loading arca
for Tilafushi

- SM,, the existing jetly area of present Tilafushi (Tilafushi-1)
- 8SM,, the innecr-recf sca atea at the centre of the proposed project area {Tilafushi-2)

- SM,, the “Shark Peint” area of Titafushi reef at the ouler-reef facing the Vaadhu
channel

- SM,-SM;, two (2) locations within the Tilafushi lagoon facing both Tifafushi-1 and
Titafushi-2

Monitoring frequency and pavameters

The frequency of monitoring shall be at least twice times a year, same as that of
leachate monitoring, once during the relatively high wave and rainy season of  July-
August {within this 2 month period) and the other during the relatively calmer wave
and dry scason of January-February (within this 2 month period). Hence both the
leachate and sea water quality monitoring will be conducted in tandein with each other
in the same week of monitoring.

The sea water qualily parameters of measurement shall be as follows;

Dircet measurement at ficld: Temperature, pH, EC {electric conductivity) and DO
(dissolved oxygen).

Measurement at laboratory: COD-Mn (mmanganese chemical oxygen demand), N1{4-N
{ammonia nitrogen), PO4-P (phosphate/ortho-phosphorus) and Sulfide shall be the
minimum number of parameters to be measured at all times as the principal pollution
indicator parameters. It is noted that COD-Mn is proposed instead of COD-Cr due to
the difficulty in overcoming chioride interference in determining COD-Cr for clean
(low COD) seawater.

-Also in consideration to the insignificant level of metallic parameters measured in the

seawater around Tilafushi-1 during the baseline survey of this project (ref. Table A-9
and A-10 of Annex for details), similar to that of leachate monitoring as of above, only
one lime measurement of the same metallic parameters as the leachate, namely, copper
{Cu), iron (total Fe), cadmium (Cd), chromium (total Cr), Zinc (Zn), lead (Pb) and
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mescury (total Hg}, is recommended to be carried out as a component of the similar
baseline environment survey for the future Tilafushi-3 development project.

Monitoring agency

The Public Health Laboratory (P1IL) of the Ministry of Health (MOH) shall be the
responsible agency for monitoring, same as that of leachate monitoring. PHL be
allocated independent budget to undertake both of these leachate cum scawater
monitoring on its own conforming the frequency of monitoring (bwice a year)
delineated above.

Coral status monitoring program around Tilafushi-2
Monitoring locations

The ccological status of coral life principally both along the reef-slopes of northern
inner reef adjacent to the Scawall-1 and that of the opposite southern lagoon reef
adjacent to the Seawall-2 (ref. Fig. 4 and 5), forming the exterior Tilafushi reef-slopes
of the landfill confinement of project arca, Tilatushi-2 island, would be the principal
monitoring locations.

Monitoring frequeacy and method

The frequency of monitoring shall be on an annual basis during the relatively calmer
wave and dry season of January-February (within this 2 month period).

The Manta Tow Technique shall be used to identify and define the overall ecological
status of coral life.

Still, similar to the baseline LIT (Line Intercept Transect) survey conducted for this
project (ref. Section A2 ofAnnex for details), as a component of the baseline
environmental survey for the future project design of Tilafushi-3, a detalled LIT
survey is recommended 1o define clearly the status of coral llft..

Monitering agency

The Marine Research Section (MRS} of the Ministry of Fisheries and Agriculture
(MOFA) shall be the responsible agency for monitoring and be allocated independent
budget to undertake this monitoring on its own on an annual basis.

16



8. Conclusion and Recommendation

1. The most significant irceversible long term environmental effect as the direct
consequence to the implementation of the project is identified as the very
alteration of the ecosystem of the project arca (Tilafushi-2) from a satine aquatic

_ ccosystem to a land based terrestrial ecosystem and the resultant elimination of

immobile marin¢ biota, in particular coral life, and their habitat in the reef-flat
arca subjected to this ecological alteration (Tilafushi-2). Still the effect is
minimized, if not entirely eliminated, with the selection of ecologicatly most
degraded reef-flat arca as the project area. It is further emphasized that the
ccological value of the terrestrial ecosystem developed with solid waste landfill
reclamation will be enhanced with the proposed management of the area as a
green (wooded) area with active tree plantation. In this respect it is recommended
that the management of completed (reclaimed) landfill area be entrusted to
MOFA (Ministry of Fisheries and Agriculture).

2. Silt screen (ref. Fig. 6) is adopted as the most significant direct mitigation systein
of the project. This is both intended at mnitigating the dispersal of dredged
material to the surrounding reefs thereby potentially affecting the coral life and as
well the marine water quality and also at conserving valuable landfill cover

@ material. Its proper and continued use is essential and be ensured by the
implementing agency (Project Initiator), the MCPW (Ministry of Consiruction
and Public Works). Other significant in-built structural mitigation measures,
concerned to dispersion of landfill leachate to surrounding marine environment,
adopted are the sieel sheet pile seawall (Seawall-2 of Fig. 4 and 5) to mitigate
dispersion of leachate into Tilafushi lagoon and the slabilization pond along
northern inner reef face to impart primary teeatment to dispersed leachate
(Seawall-1 of Fig. 4 and 5). All other potential adverse cffects concerned to the
implementation of the project are evaluated as insignificant.

3. Monitoring of leachate cum seawater quality and overall ecological status of the
coral tife in and around the project arca (Tilafushi-2} on a regular basis is
identified as the basic environmental moniloring requirement. The responsible
ageney for the monitoring of leachate cum seawater quality, twice times a year,
be the PIIL (Public Health Laboratory) of the MOH (Ministry of Health). The
corresponding responsible agency for monitoring the status of coral life on an
annual basis be the MRS {Marine Rescarch Section)} of the MOFA (Ministry of

Fisheries and Agriculture). These agencies shall earmark their own budget to
conduct their monitoring work independently. ‘
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BASELINE ENVIRONMENTAL CONDITION

A.l  Natural Condition on Thilafushi Island
A.1.1 Topographic / Hydrographic Survey

Topographic and hydrographic survey for Thilafushi were canducted by the Study Team
from July 19 to August 30, 1998. The results were drawn up in scale of 1:6000 for
Thilafushi Istand and its surrounding as shown in Figure A-1. However the
configuration of the island has been changing day by day due to rapid sand reclamation
by a suction dredger and solid waste filling. In addition to above survey, various
information have been obtained from acrial photographs as shown in Photo A-l.
Thilafushi reef lies on the south west fringe of North Male’ Atoll and stretches from
west to east in length of about 5,000 m and in width of 800 to 1,000 m. The northern
reef flat (water depth :.0.5 ~ 1.5 m) facing to inner atoll is in width of 150 to 200 m and
the southern reef flat facing to Vadhoo channel is in width of 250 to 350 m. Inner
lagoon having water depth of about 6 m is in width of 300 to 400 m.

A.1.2 Geology and Subsoil Condition

Thilafushi reef consisis of live coral, coral fragments and coral fine sand. Thila is a coral
reef usuvally a few meters below the water surface, while fushi is a big island usually on
the outside reefl of the atoll. Coral growth occurs in the warm shallow waters as the
volcanic base rock subsides. In due course this coral dies and forms coral rock, with new
corals growing from this dead coral mass. Wave and current action preduces coral sand
from the coral rock formation. This sand is deposited in calmer locations, either in deep
water, or, in the case of sufliciently large coral masses, at the center of the formation (o
produce coral islands. Where rock formations are not exposed to mechanical weathering
such as in deeper walcr, or where coral rock is overlain by coral sand, disintegration by
chemical weathering can occur, forming softer silt/clay layers. Coral atolls are one of the
most complex and variable environments in which carbonate material is encountered.
Coral line deposits can contain materials of vastly differing properties, from loose sand,
weathered clay/silt lenses, soft and hard coral rock to large cavilies in the formations.
Boreholes, only meters apari, can indicate vastly different propertics. Several borings
were conducted in Thilafushi Island for the STO Cement Import Terminal Project, the
characteristics of subsoil conditions can be classified in Table A-1.
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Photo A-2. Acrial photo of Thilafushi (July 23, 1998)
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A.1.3 Mectcorological Condition
(1) Wind

Maldives is in the Monsoon Belt in the north Indian Ocecan and the climate of the
Maldives is divided into two periods, northeast monsoon scason from December to
March and south west monsoon season from May to October. Wind data recorded at
Hulhule airport during the period between 1993 and 1997 is summarized in Table A-2.

Shghtly stronger winds are associated with winds from the west typical of the southwest
monsoon season. Strong winds and gales are relatively uncommon, and cyclones
(hwiricanes) are absent in the low latitudes occupied by the archipelago. During the S\Y
monsoon, winds speed are typically below 12 knots for 75 % of the time, and less than
28 knots for aver 99 % of the time. During the NE monsoon, 88 % of wind speeds are
below 12 knots, and over 99 % are less than 22 knots. The stormiest months are
typically May, June and July. Stonms and squalls producing wind gusts of 50 ~ 60 knots
have been recorded at Mate’.

(2) Rainfall

Rainfalt record during the period of 1993 to 1997 obtained at the Hulhule airport is
sunmarized in Table A-3. Average yearly rainfall was 1969 mm in ranging between
1407 mm and 2397 mm. Maximum monthly record was 588 mm in October 1994 and
minimum monthly record was 0.4 mm in February 1993. Average wonthly rainfall
more than 200 mm was recorded in May, September, October and November and
average monthly rainfall less than 100 mm were recorded in January, February and
March.

(3)  Temperature, Sunshine and Humidity

Temperature, Sunshine and Humidity record during the period of 1993 to 1997 obtained
at the Hulhule airport ar¢ summarized in Table A-4, A-5 and A-6 respectively.

A1.4 Oceanographic Condition
{1) Tide and Datum Line

Tides arc twice daily (semidiumal), and typical spring and neap tidal ranges are
approximately 1.0 m and 0.3 m respectively. Tidal condition on Thilafushi island can
be considered the same as the one of Male’ island. Therefore, the foltowing tidal
conditions can be adopted for the design of coastal facilities of the Thilafushi project in
accordaice with the Report of the Development Study on the Seawall Construction
Project for Male® istand prepared by JICA in 1992, o : '
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Design High Water Level for Quter Reef: +1.64 m (considering wave set-up)
Design High Water Level for Inner Reef: +134m
Mean High Water Level at Spring Tide: +1.34 m
Mean Sea Level: +0.64 m
Lowest Astronomical Tide (LAT): 10.00 m

(2) Wave Condition

There are two kinds of waves approaching to Thilatushi. One is swells propagated from
south Indian Ocean in SW monsoon season, another is wind-waves gencrated by
northemn and eastern winds blowing in the waters in North Male’ Atoll in NE monsoon.
In considering the design waves adopted for the Seawall Construction Project for Male’
Island, the following significant wave conditions will be employed for the design of
coaslal facilities for Thilafushi as indicated in Figure A-2.

Height Period
South Outer Reef: 30m 16 sec.
North Inner Reef: 0.7m 6 sec.
North Outer Reef: 1.2m 4.6 scc.

3) Current Condition

Several currents affect the Maldives istands. These cuwrents are divided mainly into
ocean currents and tidal currents, with the ocean currents being sironger than tidal
currents,

The ocean currents flowing by the Maldives istands are driven by the monsoon winds.
In the northemn part of the Maldives, constant currents flow westward during the
northeast monsoon period from December to April and eastward during the southwest
monsoon period from May to August.

Generally, the tidal currents are eastward in flood, and westward in ebb. The velocity,
however, varies by island area. The current pattems resull from reef forms.

The study team conducted 12 hours current observation at 8 points around Thilafushi.
Observations were made in every 2 meters water depth up to -20 m and every hour.
The predominant currents are indicated in Figure A-3. Since obscivations were
conducted in August of Southwest Monsoon Period, observed currents may be much
influenced by the ocean currents.




Aﬂne.t-E!S_

Table A-2.  Wind (1993-97)
[ [1993 1994 1995 1996 1957]  Average
Dir | Kis | Dir | Kts | Dir | Kis | Dir | Kts | Dir | Kts | Dir | Kts
Jan {ENEl 130/ ENE[ 127] ENE] 103] ENE] 138 ENE] 123 124
Feb |ENE| 104| NE| 89| ENE| 9] NE | 120] NE 8.9 929
Mar INNw| 73| ENE| SOJENE| 75| NE| 83jVRB| 7.6 18
Apr {VRB| S58|WNW| 67|VRB| 58] W 93)WNW] 54 6.6
May | W | 119 W | 108 W | I32[WNW] 89 W | 106 1.l
Jun | W 124 W 1L} W | 149 W | 117 W 8.0 116
Ju) WNW) I43]VRB| 75 W | 119 W 114] W 1 100 1o
Aug |[WNW] 11.5| VRB| 7.9[WNW] 113[WNW 1313] W 8.6 101
Sep [WNW] 111} NW § 8.9/WNW 123[WNW] 126] W 8.0 10.8
Oct JWNW] 1LSIVRB] 8.1 W | 124)WNW 130] VRB] 10 104
Nov | W | 128]VRB| 720WNW 1LOPWNW; 82| VRB| 80 91
Dec YPENE| 74| ENE} 119 ENE{ 143 VRBY{ 103] E 93 10.6
Average 10.7 9.1 11.2 10.9 8.7 161
Table A-3.  Rainfall (1993-97)
1993 1994 i995 1596 1997 Average
mm | days | mm | days| mm | days| mm | days| mm | days| mm | days
Jan | 236 709 7 § 323 8 1580} 6 | 32 1 576] 6
Feb | 04 1 1.2 2 1654 8 |470§ 6 [353] 6 299] 5
Mar { 36.1 5 997}F 6 1108 2 |510] 5 1302) 6 456] 5
Apr 1887 6 {782 ( 14 | 739 | 13 |3242] 15 | 9621 11 { 1322] 12
May |453.0f 18 | 3064 | 23 | 240.7| 21 {172.8]| 13 |2224] 20 | 280.1] 19
Jan [ 1038.00 14 | 1208 17 | 699 | 14 [2585] 97 | 760 | 14 J1327] 15
Jul |3586] 20 | 844 | 13 | 4627] 11 [173.0]| 20 | 1784 15 | 1914] 16
Aug | 1458] 13 [ 1678 15 f171.9| 18 | 1540 12 |2263] 15 {1732} 15
Sep [3223) 21 | 2133 | 15 | 1264 13 |2504| 15 J194.0) 17 | 2213] 16
Oct [196.9] 16 |5876) 22 12114 21 |135.1] 18 |147.0) 18 | 2676] 19
Nov [ 4285 21 |353.0] 20 | 107.7| 8 |Ji61.3]| 15 |316.0] 22 | 2734| 17 %
Dec 12045 14 | 578 ] 12 ] 7139 fF 1t 1651 8 4199 27 { 1642] W4
Total {2396.9] 155 |2141.1] 166 §1407.0] 148 |1950.5] 150 |1950.1] 172 |1969.1] 1358

(Days with 0.3 mm or more)
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Table A-4 Temperature (1993-97)

1993 1994 1995 1996 1997 Average
Max.| Min. | Max.| Min. | Max.{ Min. | Max.] Min. | Max. | Min. | Max. | Min.
Jan | 30.1] 25.4] 303| 25.7] 309] 26.3| 302| 25.7] 30.6| 263} 304] 259
Feb | 30.5F 25.1 30.9| 26.4] 30.2] 25.9| 307 26| 31.0] 26.1] 30.72] 26.0
Mar | 31.0f 26.1] 31.2] 263} 31.7] 27.1| 31.0f 264| 3§8] 26.5| 31.3] 265
Apr | 31.8] 269] 32.0f 26.7] 31.9] 26.7] 31.0f 26.1] 33.9| 27.1| 31.7] 26.7
May | 30.8% 256| 31.0f 25.6] 31.0] 26.4| 31.3}] 27.1] 30.8] 26.1| 31.0| 26.2
Jun | 30.7) 26.1] 31.0] 2591 30.5] 26.6] 304} 260| 3t.6] 268} 30.8] 263
Jul | 299] 24.7] 31.3] 26.2) 30.7{1 26.4| 30.2] 25.2| 30.8] 26.0]1 30.5] 25.7
Aug | 3020 25.3] 30.7] 25.6f 30.3] 25.6] 30.1) 25.9]| 31.0] 26.0} 30.5] 25.7
Sep | 29.8] 24.2| 306} 25.6] 302]| 26.1] 30.0] 25.8] 304] 254} 302 254
Oct | 30.2| 249 30.0; 24.3] 298] 25.3] 29.3) 25.2| 30.7] 25.5§ 30.0] 25.1
Nov | 29.3] 24.4] 30.0] 25.1) 29.9| 26,01 29.9] 254] 30.7] 25.7] 30.0] 253
bee | 29.7] 2501 30.5] 26.6] 30.3] 25.7] 303] 259 30.6] 252{ 30.3] 2556
Ave. | 303] 25.3} 30.8] 25.8] 30.6] 26.2| 304] 259] 31.0] 26.1] 30.6] 259

Table A-§  Sunshine (1993-97) Table A-6  Humidily (1993-97)

Hours %

1993 | 1994 | 1995 { 1996 | 1997 | Ave. 1993 | 1994 1995} 1996] 1997

Jan | 223 | 266 | 245 | 252 | 297 | 257 Jan | T4} 75| 16| 9] |

Feb | 288 | 253 | 233 | 269 | 245 | 258 Feb | 70 J 35 | 77 | B8 ) 771|175

Mar | 283 | 257 | 301 280 | 303 | 286 Mar | 74 M| 3|57 )14

apc | 219 | 257 | 252 | 227 | 277 | 258 Appl a5 9| 81|18 |77

May | 209 | 139 | 204 | 263 | 207 | 204 May | 81 | 78 | 83| 78| 82| 80

Jun } 218 186 | 186 | 160 | 247 | 200 Jun { 78 79 | 81 | 82 | 81 | 80

e bss | 22 20 | 172 191 | 204 i ] 80 | 76 | 80| 80| 79| 79

Avg ) 283 | 199 | 220 | 259 | 259 | 244 Aug | 77 | 76 | 80 | 79 | 79 | 78

Sep | 216 | 196 | 242 { 201 | 194 | 212 Sep{ 79 | 76 | 78 | 81 | 82 1 79

Oct | 269 167 | 232 | 231 222 | 224 Oct | 78 791 82 | 83 | 81 | 81

Nov | 158 | 174 | 244 | 240 | 202 | 204 Nov { 82 80 | 72| 79| 82 | 80

Dec | 205 { 208 | 246 | 287 175 | 224 Dec i 790 | 77 | 78 | 77 | 83 | 79

Fotal | 2826 | 2537 | 2834 | 2858 | 2820 |2775 Ave. | 77 || 791 8 | 18

Ave. | 1.7 70 18 78 (X 7.6
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Figure A-3. Current Records (August 1998)
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A2 Coral Ecelogy
A.2.1 Introduction

The ecological status of coral life in Thilafushi reef, including the Marine Protected
Arca (MPA)-Lions Head, and Gulhifathy, including the MPA - Hans Hass Place (Kiki
Reef),.were studied using both Manta Tow Sutvey and detailed Line Intercept Transect
(LIT) survey.

‘Thitafushi comprises a submeiged ring reef known locally as a Fare. This type of reef
structure is unique to the Maldives. It is located in North Malé Atoll to the west of the
capiltal island Malé on the southern perimeter of the atoll barrier reef, facing the 4.5 km
width Vaadu chanrel which separates North Male and South Male Atolls. To the east of
Thilafushi is another faro - Gulhifalhu which is separated by a narrow channel called
Medhu Falhu Kandu (refer to Figure A-4).

The coral reef community structure is strongly influenced by the physical environment
such as wave encrgy, exposure, currents, sea-water tempeyature, salinity and tidal
influence. In the Maldives, sites situated on the ouler atoll reef have different
commumity structure to those on the inner atoll reef and those lining the channels. The
survey design concentrated on a limited number of sites near the landfill arca at
Thilafushi and Gulhifalhuw with appropriate reference locations.

A.2.2 Survey Methodology
(1)  Manta Tow Survey

The observer was towed using a manta board and rope behind a Dhoni (traditional boat).
The tows were carried out parallel to the recf crest for 2 minutes at a constant speed, the
boat stopped (o allow the observer to record the data. GPS {global positioning system)
was used fo delermine the locations of survey points.

Purpose: The Manta Tow technique was used to conduct a broad-scale assessment of
farge areas of the reef system at Thilafushi and Gulhifalhu, This technique provided
information on the following:

a) the spread of garbage from the fandhll site
b) percent cover of live, dead and soft coral

c) selection of representative sites for the Line Intercept Transect (LYT) survey

A-1i
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2) Line Intercept Transect (1.1T)

The sclected representative locations of LIT survey are shown in Figure A-4, which
basically targeted the existing solid waste reclaimed Thilafushi Island and its vicinity.
These stations are classified according to their reef locations as shown below (RF-Reef-
flat, RS-Recf-slope, MPA-Marine Mrotected Area).

Outcr atoll reefs Inner atol recfs Channel reefs

Site Reef Site Reef Site Ref. | Reef

Ref. location/name Rel. location/name locationfname

1=RF Thilafushi - south 9=RF Thitafushi - north 4=RF Thilafushi - east

21=RS | Lions Head (MPA) | 18=RS 5=RS face (south)

2=RF Thilalushi - south 10=RF | Thilafushi - norih 6=RF Thilafushi - east

22=RS§ 17=RS 7=RS face (north)

3=RF Thilafushi - south- | B=RF Thitafushi - noith- | 11=RF Gulhifathu -

20=RS | west point 19=RS | east point 15=RS west face
L {north)

13=RF | Gulhifalhu - south 12=RF Gulhifathu -

23=RS | Kiki recf (MPA) 16=RS west (south)

A 20 m transeet line was laid along the specified contour by the dive buddy pair. For the
shallow reef-fat station the transect was positioned approximately 5 m from the reef
crest. The depth varied between 1-3 m and was generally deeper on the outer atoll reefs.
The reef-slope transect was located at 10 m at all stations.

Purpose: The Line Transect was used to assess the condition and health of reefs at the
selected stations. The method provides information on the foilowing key community
parameters:

a) Species number per transect
b) Number of coral colonics per teansect
¢) Live/Dead coral coverage per {ransect

d) Coral health (i.c. bleaching)

(3)  Fish Census - Belt Transect Method

The fish belt transect was the first sun_.'éy completed after the transect line was deployed.
The census was started after a minimum 5 minute pci'i'od during which no divers were
allowed to disturb the area. The recorder swam slowly along the transect counting all
fish encountered within a belt 2.5 m of each side of the transect line.

Purpose: The fish census was used to collect information on the reef fish community
including:

A-13
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a) Coral reef fish abundance

b) Coral fish diversity

A.2.3 Findings of the Survey

(1)

a.

i)

Manta Tow Survey
Thilafushi reef
Coral reef assessment

Live coral cover varicd between 10-40 % for the inner atoll reef, 0-20 % for
eastern {channel) reef and 15-20 % for the outer atoll reef. Generally, live coral
cover was low adjacent to the landfill, channels and harbour areas as a result of
physical coastal alteration.

A manta tows was also conducted at the west side of Thilafushi to act as a
reference area. Live coral cover varied beiween 20-60 % at the reef-slope.

Garbage

The highest density of general domestic garbage was observed along the east
face of the reef-flat from the main harbour to the small jelly towards the south.
This comprised cans, glass bottles and plastics. Construction waste was
generally associated with areas which had been modified for channels and
harbours. The reef area al the north-east point towards the inner atoll reef also
had a large volume of construction waste, which was probably associated with
the construction of the sea wall. There was less garbage at the outer atoll reef.

" Gulhifathu

Coral rcef assessment

Live coral cover on the outer atoll reef-slope varied froms 20-60 %. However,
bleaching was highly uniform at around 80 %. Moving along the south reef
towards the entrance of the channel live coral cover was reduced to 10-15 %.
Visibility at the south-west point was reduced due to sediment plumes that
originated at the south-cast point of Thila Fushi. Along the west face of the reef
the amount of live coral cover was patchy, generally b_ctw_c_cri 10-20 %. In the
vicinity of the boat channel to the lagoon, coral cover had been reduced to zero
by dynamite blasting and dredging. Coral bleaching was around 60 %, being
lower than that estimated for the outer atoll reef.
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)

A manta tow was also conducted at the cast side of Gulhi Falhu. Live coral cover
was low (between 2-15 %) and large amounts of coral rubble and sand shutes
indicated that this area had been impacted in the past.

Garbage

Both domestic and construction waste was randomly distributed along the entire
west face of the reef adjacent to the channel. lligher densities of construction
waste were associated with recf-flat arca close to the channel entrance to the
lagoon. Overall there was virlually no garbage at the outer and inner atoll reefs.
At the eastern side of Gulhifalhu, there were large amounts of garbage
distributed randomly. It is possible that this reef arca has been used as a dump
site during the redevelopment of Villingtli.

LIT survey

The results of the line intercept transect {LIT) survey are shown in Figure A-S
distinguished between reef-flat stations and reef-slope stations. The percent live coral
cover also dislinguished between rect-flat and reef-slope stations is shown in Figure A-

6.

All sites showed high levels of variation in the percent cover of benthic reef organisms
and substrate types. Overali the ratio of non-living substratc (NLS) cover to living cover
was significantly greater in the reef-flat stations with the exception of reference areas
located away from the landfill sile at outer atoll reefs - Kiki reef, Gulhifalhu (#13) and
Thilafushi-south (#2) {refes to Figure A-4 for the localion of stations).
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Figure A-5.  Life form benthic categories and non-living substrate at rcef-flat and ceef-
slope stations at Thilafushi and Gulhi Falhu.

Note : HA-Halimeda algae, CA-Calcarcous algae
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Recf-flat

Live coral cover in the reference stations (outer atoll reefs) adjacent to the Vaaduo
Channel varied from 13-29 %. The Marine Protected Arca (MPA) - Lions Head
(#1) had the highest live coral cover. All remaining reference sites supported
high calcarcous and coralline algac cover (10-22 %) which is typical of wave
exposed reef sites. Live coral cover at Kiki reef (#13 MPA at Gulhifalhu) was
only 16 %, however, tecently dead coral accounted for 28 % cover. The high
value for this category was associated with the recent bleaching event.

All inner atoll reef stations supported tow live coral cover (2-4 %) and had a
high ratio of NLS. Similar values were recorded for the channel reef stations at
Thilafushi and Gulhifathu (0-5 % live coral cover). The non-living substrate
categories in thesce stations varied considerably but overall coral rubble and sand
were dominant at most stations.

Based on these observations, the inner reef-flat of Thilafushi would be the
preferred location for future expansion of solid waste landfill development, since
this choice at-least would minimise the inevitable and irreversible loss of coral
life inherent to landfill development.

Reef-slope

Live coral cover for the outer atoll stations varied from 12-27 % and was similar
to values recorded for the corresponding reef-flat stations. In contrast, both the
inner atoll and channel stations showed a considerable increase in percent live
coral cover compared 1o their corresponding reef-flat stations. Live coral cover
varied from 14-31 % for inner atol reefs and from 20-48 % for channel reefs.
The highest live coral cover (48%) was recorded at Thilafushi at the northern
channel (#7) where the reef-flat cover was only 1 %. A similar situation was
noted also at the station on the inner atoll reef towards the north-cast point (#18),
live coral cover was 31% for the reef-slope compared to 4 % for the reef-flat.

Based on these observations, it conld be concluded that the existing solid waste
reclaimed Thilafushi Istand, though led to the rather incvitable loss of reef-flat
coral life due to ecological alteration of the very reclaimed land environment
from aquatic to terrestrial and other physical alterations, it virtually caused no
significant adverse effect on the coral life of reef-slope in the channel (Medhu
Falhu Kandu) reef.
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iit)

Pateh reefs in Thilafushi lageon

Due to the topography and reef contour it was not approptiate to use the LIT
method for assessing cover by benthic organisms and NLS. A semi-quantitative
assessment was adopted which involved making a visual estimate of % live
cover and dead cover and the dominant substrate type. Visibility at the eastern
arca of the lagoon close to the landfill was reduced to less than 3m.

Live coral varied between 5-15 %, dead coral accounted for up to 80 % and the
dominant NES was sand (5-10 %). Large portions of the dead coral were
colonised by dense growths of dark red filamentous mats of algae. This algae
belongs to phylum Cyanophyta (Blue-green algae) which often form fuzzy
masses of filaments. They gencrally prefer high temperatures and sunlit areas
with elevated nutrients. These algae were not observed in patch recfs distant
from the landfill areas. The conditions responsible for the dense growth of blue-
green algae may involve a combination of factors such as nutrient enrichment
and elevated sea water temperalures. At the same patch reefl the coral discases
known as black band disease and black spot disease were observed on some
coral colonies.

The elevated nutrient level and its perceived adverse effect on coral life due to
progressing eutrophication in the tagoon could be atiributed to insuflicient
ditution of disperscd leachate into the lagoon from the Thitafushi landfill site.

Transfer station in Malé

The Malé transfer station is situated within the south-west harbour at the north
towards the entrance. The shallow area adjacent to the transfer station was
inspected by snorkelling to assess the condifion and the status of garbage. The
sea-bed in this area was composed of sand and finc rubble and the only coral
communities were those growing on the concrete sea-walls and breakwaters.
Overall the nature and level of garbage is similar to that observed in other parts
of the south-west harbour. Accordingly, it is concluded that there was no
significant adverse cffect on the marine environment due to the activities
associated with the transfer station.

~ Evaluation of Bleaching

At the beginning of the present survey, sea surface temperatures were returning
to 29-31 °C from the previous high values of 32-34 °C recorded in May 1998.
Evidence of bleaching was clearly visible from the surface, with large expanses

~ of pale coloured reef communities. Over the survey period, large number of reef

organisms, particularly hard and soft coral colonies regained their pigmentation,

'H_owcvcr, certain species of hard coral appeared to be more susceptible to
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bleaching and hence sufiered high mortality and were rapidly colonised by
filamentous algae.

All reef organisms may be stressed for a long period as a result of this blcaching
cvent. It is therefore imperative to reduce other sources of stress to promote
conditions that would allow natural recovery processes. In areas, such as
Thilafushi, where coral reef organisms ar¢ subject to high sedimentation the
ability of the organisms to remove the sediment may be reduced. Hence it is
imperative to mitigate the dispersal of dredged material due to landfill
management in Thitafushi to surrounding marine environment.

vi}) Fish Census

All stations showed similar trends in terms of the abundance of fish in the major
fish families encountered, namely, Trigger{ish, Surgeonfish, Panrotfish, Wrasses,
Damselfish, Butterflyfish, and Groupers. Degraded reef-flat arcas tended to be
dominated by wrasse and parrotfish. Damselfish were abundant at all reef-lat
stations with the exception of the inner atoll sites.

Reefslope stations were characterised by high densities of damselfish,
particularly juveniles. Groupers and butterflyfish distinguished reef-slope
stations from theis corresponding reef-flat stations. Overall the number of
species within the different reef areas was very similar, with the exception of
physically degraded arcas.

vii) Profected er endangered species at or close to the landfill site

A small number of protected species were observed at the outer atoll reef
stations at Thilafushi and Gulhifalhu adjacent to the Vaadu Channel. These
included the hawksbill turtle, the grey reef shark and black coral. In all cases
“observations were at 10 m depth or lower and hence not at reef-flat arcas.

A.24 Conclusion

It is recognised that some damage to the coral reef system in the vicinity of the tandfill
operations is inevitable. However, this must be weighed against the benefits arising
from the improvement to public health and the environmental pollution in Mal¢ as a
result of the solid waste collection and disposal system now in place. It is however,
important to ensurc that any damage to the coral reefs in the immediate vicinity of the
tandfill are minimised and that all possible control measures are adopfed to protect the
adjoining reefs.

Uigh level of scdnmentalmn and sill from dredging activities is conSldered as the major
cause of reef degradauon associated with the Thilafushi solid waste land reclamation
site. The results of the LIT surveys indicate that reef- flat areas ‘opposite the impacted
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sitc on Guihifathu are also affected by the high concentration of fine suspended
particles. Hence it is imperative to mitigate the dispersal of dredged material (sediment)
into the surrounding marine environment.

Overall the impacts from garbage are highly localised and ditectly associated with the
Thilafushi landfill site. No sigunificant distribution of gatbage on to the adjoining reefs
was noted. Despite the large volumes of loose garbage at the landfill and in the shallow
back-reel areas, the amount of garbage observed underwater was fairly low.
Nevertheless, from the very basic view points of aesthetics of marine environment and
technically sound means of final solid waste disposal, it is imperative to prevent
dispersal of garbage into surrounding marine water environment,

A-21



Annex-EIS

A.3 Water and Sedinment Quality

The water and sediment {sca bed material) quality in Male Island, the major solid waste
generation and transfer arca, and Thilafushi Island, the area where the solid waste is
transported and dumped resulting in reclamation of the very istand from the submerged
reck, is studied in this section.

This study is made both based on available water quality monitoring data with the
Public Health Laboratory (PHL) of the Ministry of Health (MOH) and also with water
and sediment sampling and analysis conducted by the Study Team, principally in and
around Thilafushi Island and as well in Male Istand.

Relevant waters of concern to solid waste manageiment activity of both at present and in
past are groundwater in Male, sea water both around Thilafushi and Male and leachate
generated in the already reclaimed {existing) Thilafushi Island. It is noted that until
recent past solid waste was used in combination with other materials for the reclamation
of southern part of Male Island from sea. This is perceived as a cause of poor

groundwater (well water) quality with high hydrogen sulfide (H,S) levels, as monitored
by the PHL.

Conceming sea-bed material quality either around Thilafushi Island or Male Island there
is no available dala, since no such sediment sampling and analysis was conducted in the
past. As such analysis results by the Study Team will only be used to define the status of
sca bed material and cffects, if any, due to solid waste reclamation of Thilafushi Island.

A.3.1 Water quality
(1) Available data
a. Groundwater in Male

The groundwater in Male is saline with chloride level mostly exceeding 1000
mg/l and hence unfit for potable use from the view point of this very basic
drinking water quality requirement. Widely reported recent range of chloride
level (1996-1998 data, as available in PHL) in groundwater is from 1000 to 3000
mg/l, at times even up to 15,000 mg/l which is almost the same as that of sea
water (chloride level in Male coastal sca water is around 20,000 mg/1). It is also
noted that the chloride level in Male groundwater as determined by the previous
JICA study for the Seawall Construction Project in 1991 also exceeded 1000
mg/l in all five (5) wells measured.
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Stitl, the available data in PHL on groundwater quality a decade ago in Male
(1988) indicated a chloride level of around 100 mg/l only, which was even less
than the chloride level of around 250 mg/l in the desalinated potable water
presently supplied by the Maldives Water and Sanitation Authority (MWSA).
Hence the present high groundwater chloride level in Male could be attributed to
salinily intrusion of sea water, which might also be aided by sea reclamation of
land, due to the obvious cause of over exploitation of groundwater by recent
high increase in population.

Moreover, the recent (1997-1998) groundwater quality data of PHL indicates
widespread contamination with Hydrogen Sulfide (H,S) distributed to all over
the Male island, with ;S level exceeding 3 mg/l.

This effect also could be attributed to past land reclamation of the southern part
of the island with solid waste which results in lechate generation, and the over
exploitation of groundwater which contributes to the dispersion of lechate to the
entire underground of the island, thereby affecting the groundwater quality of
even those pars of the natural (non-reclaimed) island.

Based on the above aspects it eould be concluded that the groundwater in Male
island is both saline and polluted and not suited for most beneficial uses, in
pariicular potable use.

Leachate in Thilafushi

Monitoring of the lechate qualily generated in the Thitafushi solid waste fandfill
{sea reclamation) site was initiated in October 1993, with the provision of four
{4) leachate monitoring wells within the akeady reclaimed arca. Simultancously,
sea water qualily monitoring around the sea area of the entire Thilafushi reef,
including the near-by reefs of Gulhifalhu and Bodugiri, at seven (7) monitoring
stations, were also initiated (refer to the subsequent section on sea water).

However, with time not only this leachate cum sea water monitoring frequency
has become infrequent, but also the leachate monitoring wells (bote-holes) were
gradually demolished to only one single remaining well at present {(1998). No
monitoring data is available for the entire year of 1995 and also ne menitoring
was conducted in this year (1998).

Of the leachate quality parameters monitored, though comprised of 25 items,
that could be regarded as primary pollution level indicators due to decaying solid
waste represented by léachate are only three (3), namely, Ammonia, Hydrogen

~ Sulfide and DO (dissolved oxygen).
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As could be expected of leachate quality rather wide range of ammonia and 128
and consistently almost nil (0) DO were noted, typical for high strenglh
wastewater. The most recent data of July, 1997 indicated an ammonia level
around 115 mg/l and varying H2S level of about 2 and 18 mg/l measured in 2
monitoring wells remained at that time. However since COD (chemical oxygen
demand), the most representative parameter to determine the pollution load of a
high strength waste like leachate was never measured, due to tack of laboratory
capability, no quantitative cstimation of the steength of leachate is possible,
based on the available data.

Sea water

There are seven (7) sea waler quality monitoring stations established in October
1993, simultaneously with the above mentioned leachate monitoring programme
in Thilafushi, around the entire reef of Thilafushi, including its surrounding recfs
of Gulhifalhu and Bodugiri. (refer to Figure A-9 for locations). This is the only
consistent long tenn (1993-1997) sea water qualily monitoring data available in
the vicinity of the Study Area including Male and Villingilli islands.

~ All sea water quality monitoring were conducted almost simultancously (on the
same day or in 2 days time) with the leachate quality monitoring delineated
above, since this is an integrated leachate cam seawater quality monitoring
programme in and around the Thilafushi reef. Also other than for the addition of
Transparency (Visibility) all parameters monitored are the same as that of
leachate monitoring, and hence the total parameters monitored were 26.

This integraled leachate cum seawater quality monitoring programme could be
considered to be intended at monitoring the effect of dispersion of leachate from
the Thilafushi landfill to the surrounding marine environmental water quality on
a macro basis, since except for one (1) monitoring station located at jetty where
solid waste transportation barge untoad the solid waste containing vehicles on to
the island, all the remaining 6 stations are tocated away from the immediate
vicinity of Thitafushi.

Anyhow the available sea water quality monitoring results (1993-1997) indicate
the marine water quatity remains typical to that of sea water with no dlscemable
cffect attributable to dispersion of feachate to marine environment.

Still it should be noted that this monitoring progtamme does not target
adequately the immediate vicinity of Thilafushi reef, in particutar the inner
lagoon of the reef. Moreover, marine water qua’fity' is only a broad (macro)
means of assessing the health of marine water environment and it alone would
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not be suflicicnt, though necessary, to guarantee that the ongoing solid waste
filling and the related activities of dredging of reef and the resultant dispersal of
sediment (dredged material) and over carriage of garbage to reef surroundings of
the Thilafushi Istand do not in fact affect the marine ecosystem,

(2)  Sampling by the Study Team

Water quality sampling by the JICA Study Team targeting ground water in Male (4
locations), leachate in Thilafushi (4 locations) and sea water around Thilafushi,
including its immediate vicinity and the seven (7} established monitoring stations of
PHL (19 locations), and Male {2 locations) were conducted in the beginning of
Scptember 1998.

The water quality parameters measured were basically the ones to determine the
pollution effects including heavy metals and same for all three (3) types of water
{groundwatcs, leachate and sea water). Significant parameters measured are, namely,
temperature, pH, DO (dissolved oxygen), COD (chemical oxygen demand), sulfide,
sulfate, ammonia, nitrite, nitrate, phosphate, total coliform (TC), fecal coliform (¥C)
and the metals of iron {total), copper, chromium (total), lead and mercury.

The water quality sampling locations are shown in Figure A-7 (groundwater and
seawater cum sediment sampling locations of Male), Figure A-8 (leachate sampling
locations in Thilafushi), Figure A-9 (seawater samipling locations in the 7 monitoring
stations of the PHL around Thilafushi reef) and Figure A-10 (scawater cum sediment
sampling locations in the vicinity of Thitafushi).

The following code system was used to distinguish the types of sampling locations;

- The four (4) groundwater sampling locations of Male coded as Gi to G4
(Figure A-7)

- The four (4) leachatc sampling tocations of Thilafushi coded as L1 to L4
(Figure A-8} :

- The seven (7) seawater sampling locations of the PHL monitoring stations around
Thilafushi coded as S1 to S7 (Figure A-9)

- The fourteen (14) seawater cum sediment (sea-bed material) sampling locations in
vicinity of Thilafushi and Male coded as SW1 to SW14 (Figure A-10 for SW1-
SW12 of Thifafushi and Figure A-7 for SW13-SW14 of Male)

It is noted that the location SW13 at south-east coast of Male was sclected as a
rcprcsenlali\'é station for backgroun'd quality, while the location SW14 at the south-west
harbour of Male is selected as it is the loading area for solid waste transportation barge
from Male to Thilafushi landiill island (ref. Figure A-7).
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Also all the remaining 12 locations of SW1-SW12 were selected in and around the
immediate vicinity of the existing solid waste reclaimed Thitafushi island, but still to
encompass the possible arcas of the Thilafushi reef that could be subjected to future
solid waste land-filling by this master plan including the inner lagoon of the reef
adjacent to the existing solid waste reclaimed Thilafushi Island (ref. Figure A-10).

The sediment (sea-bed muaterial) sampling results of these 14 locations (SW1-SWiH4) is
dealt with in the subsequeat section on Sediment Quality.

The results of water quality analysis for groundwater in Male {(G1-G4 of Figure A-7) is
summariscd in Table A-7, that of lcachate in Thilafushi Island (L.1-L4 of Figure A-8) in
Table A-8, that of the 7 scawater qualily monitoring stations of P1IL (Public Health
Laboratory of the Ministry of Health) around Thilafushi reef {(81-S7 of Fig. A-9) in
Table A-9, and finally that of the 14 scawater and scdiment quality sampling locations
in the vicinity of Thilafushi Island (SW1-SW12 of Fig.A-10) and the south-east and
south-west coast of Male (SW13 and SWi4 of Fig.A-7) in Table A-10.

Based on the results of analysis the following observations are made on the quality of
each type of water (groundwater, leachate and seawater).

a. Groundwater in Male

The all four (4) wells sampled are located in Mosques of Male. Heavy rainfall
was experienced in the week prior to the sampling. Moreover the well G2 of
Masjidul Furugan Mosque, located near the solid waste transfer station, is
injected with rainwater collected on the roof-top of the Mosque in order to
improve the well water quality. Still the other 3 wells do not have such artificial
introduction of rainwater.

The COD results, that ranged from 7 1o 20 mg/l (ref. Table A-7), indicates
significant pollution of groundwater for all 4 locations. In fact the lowest COD
of 7 mg/l is measured in well G2 with artificial rainwater introduction.
Disregarding G2 all the remaining wells recorded COD level in the range of
about 15-20 mg/l, clearly indicating significant organic pollution for
groundwater, since COD level of unpolluted groundwater normally does not
exceed S mg/l. The cause could be the dispersion of Jandfill leachate generated at
the solid waste reclaimed southern part of Male, as-also pointed out in the
foregone section. -

Stilt nil (0) total and fecal coliform levels recorded in all 4 wells indicate no
bacterial pollution altribulable to human waste contamination thereby basically
cnsuring the public health safety of the groundwaters. Relatively low chloride
level in the range of only about 250-1000 mg/l (against the typical range of
1000-3000 mg/l as per the available monitoring data of PHL) in the wells could
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be attributed to ditution cffect due to heavy rainfall. 1t is also noted the lowest
chloride leve! of 250 mg/l was recorded at the well G2 with artificial rainwater
introduction.

No significant metallic contamination, including heavy metats, is noted.

Finally considering the relatively high poltution level and chloride level of Male
groundwater artificial introduction of rainwater to wells leads to inherent
beneficial effect of overall groundwater quality improvement, which nceds to be
encouraged.

Leachate in Thilafushi

It is noted that of the four (4) leachate sampling locations of L.¥-1.4, L1 is the
only remaining leachate monitoring well (bore-hole} of PHL established in
October 1993 as noted in the foregone section (ref. Figure A-8), hence be
representative to longest age of leachate generation since the commencement of
the landfill operation in Thitafushi in December 1992,

All other 3 locations (L2-L4) are leachate ponds that remained at the time of
sampling. Though sutface ponds, they are not directly linked to the surrounding
scawater. Stilt L3 and L4 are located adjacent to sea coast.

The COD level measured in all 4 locations was in the range of about 200-750
mg/1 (zref. Table A-8), indicating relatively low pollution load typical to leachate.
Still considering the specific environmental condition of the istand that
reclaimed from sea with solid waste, this would simply mcan dilution and
dispersion of leachate to surrounding sea environment due to active exchange
with seawater. Accordingly it could be presumed that seawater assists in active
treatment of leachate, though inefficient dispersion of leachate may affect the
surrounding maring enviropment.

The lowest COD tevel of 220 mg/l in combination with high ammonia and
hydrogen sulfide levels as noted in L1, the leachate monitoring well, indicates
the long age of leachate generation and effective waste sfabilisation.

The concentration level of metals measured, including the heavy metals, is very
low for a typical leachate. Accordingly in could be concluded that the metallic
accumulation in the landfill leachate is insignificant.

Seawafer around Thilafushi and Male

The results of analysis of sea water quality in all of the 21 locations, the seven
(7) monitoring stations of PHL around Thilafushi reef {ref. Figure A-9) and the
14 seawater cum sediment sampling locations in the vicinity of solid waste

A-27



reclaimed Thilafushi island as well as Male (ref. Figure A-10 and Figure A-7)
clearly indicates no significant deterioration of seawater quality that could be
attributed to any of the on-going waste disposal means either in Thilafushi or
Male. It is noted that sewage generated in Male also disposed via sea out-falls
located around Mate island.

In particular ncar saturation DO level exceeding 7 mg/l in most locations (ref.
Table A-9 and Table A-10), still exceeding 6 mg/l in all locations, typical for
unpolluted water environment, points to the cleanness of seawater. Moreover
mostly nil (0) total and fecal coliform level indicates no significant lingering
effect that could be attributed to human waste pollution as well.

Most metallic parameters mieasured are also basically at near zero (0) detection
limit (DL) level of analytical mcasurement for all the 21 sea water samples
analysed.

The fine seawater quality arcund Thilafushi could be interpreted as effective
ditution and dispersion of leachate in the surrounding marine environment 1o
undetectable pollution level, due to sea waves, tides and current. In other words,
in an overall sense, under the current rate of solid waste land-filling and
subsequent leachate generation, the surrounding marine environinent posses the
required assimilative capacity to naturally render the pollution due to leachate
insignificant, as far as the sea water quality is concerned. This is despite the fact
that the on-going landfill operation in Thilafushi has many environmental
concerns including the over-carriage (dispersal) of floating garbage to
surrounding marine water environment.
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Fig. A-8. Leachate Sampling Locations in Tilafushi (JICA)

A-30



Arnex-EIS

o

e (S

AHIVAIHINO

(VOIL) SuourS SULIoNTOA] JNBAY TS - IqSIYE[L], PUNOIE SUONEI0T Sundmeg 6~V “31q

h AANVE OCHAVA

1)

IHSNAVILL

®5s

SAVAVYEID

A-31



Annex-EIy

ngreROs |

eI Jo sToned0] Jurdumes 3 O £y 31,] 01 19J3Y © 9ION

(VDIf) Wsnyey ], punore suoneso ] Surjdureg jusunpag wnd 13jepM €8 O1-V' 51

oIS

e

OANVA OOHJVA

A-32



Annex-EIS

{nyloeD) Ansiy nieseanyey i)

(nsisausH) JooN npifsepy o

(nyoreo) uebring npifsepy 5]

{nuuegeeny) weeles npilsepy 5]
’ SyIeWSY
TIN TIN TIN TN iWooL/ - SULIOJIIOD) 1810 L
TN N TN JIN RI00L/ suLapog (eddeL
90°0 > 10 90°0 > 900 > i " UOdj]
SO0 > 500 > $0'0 > G500 > 79U J20dod
Z00'0 > Z00°0 > Z00'0 > Z00'0 > T Ansssp
L0 > QL Q> 0LQ> 0L Q> 1/bw pEDY
20’0 > $0°0 > 800 > 90'0 > 1/Bu WNIWOIYD
vZ0. (4212 052 L1L /o SpLoIYD
S/ S/ ZE S I/ow eyding
P 90'0 S0'0 0’0 7 aeyudsoud
00'0 £00°0 S00°0 $00°0 (/ow SN
80 Lk 9'0 80 17D SN
100 80'0 £2'0 v5'0 /oW BIUOWILY
L00°0 zZ00'0 100°0 100°0 /o peIng
00 00 00 2010 jfow PICING USDAIPAH
0'Z2 0’6l 0L 5’5l i/OW!  puewsq UsbAXQ eareus
zZ o'y $'S 0 /o UabAXQ PaAIOSSIQ
0902 zeL'0 ZES'0 08t L ) SPHOS DINOSSI] 130
0.8'E 0oL LS0'L 000'¢ Wio/SW ANAINPUOD

£/ 9z 9L L'l 0 H

182 +'32 LT 9'8Z o aJmessduia ]
SSN0IOD 7 JBID SSOUNOIOD 7 JESID) SSIUNGIOD W Jedan SSOUNOIDY P JeaD aueresddy _mu_m>ca
.& ) O ‘9 ) nun dajauwese

STEN-SNsaY Burdureg Afend) 19EMPUNOLD £ -V d1qe

A-33



Anrex-EIS

D % @

ysnyep L W Sugdwes jo swn au) je paisxe spuod ajeyses) e Y~
snelL W {aj0y-2.09) [|am Bupoyuow ases) Buluiewss Ajuo sy si 7 ! syleway
1IN TN TN JIN WO L/ SULOYIOD 18301
1IN N AN 1N W0 L/ SWIOHIOD (B384
Z [aY 3 €0 oW uol|
SO0 > GO0 > G000 > SO0 > yow 150d0D

2000 > 2000 > 200'0 > 2000 > /oW Andjapl|

0L'0 > 010> oL'0 > 0L'0> /DWW pea
800 200 300 900 > oW WAILIOIYS)
6.281 Z628L Z628 1818 /o ~BPUOIUD
002 00¢ 0zt vZL /6w seuding
0L Z's e g'0L /oW jeydsoyd
£0'0 ZL'0 10'0 200 17w SN
St Pl 2 ol {/bwl BN
0t 56 0’0 0'0¢ jhw BIUQLIWY
080 S¥'0 0Z'0 Sp'T /o apaing
%2 0'Z 0'L G< ow IPIYAING URDAIPAH
00E 0Zs §SL 0zZZ /oW PUBLID(Q UBRAXO [BD1WAYD
6L - 00 Z0 /B URDAXO PoAIosSIg
0Z'62 9¢'8e Z5'vL 6£'6 1/ow SPIOS POAIOSSIA 1BI0 )
L8 2486 0'6Z v Ll WSS AJAZONPUOD
08 L8 Ll A Hd
0'Le 6'ZE 60¢ 508 Do NI |,
umc.g Sied B umoug umasg umoig ol aoueseaddy |BdISAY
™ _ 7 & _ & _ nun| 1jewered

pue(s] wystye[ L -sinsoy Sundureg Amend) aeyoery '§-v S[qeL

A-34



.‘!rLr.'e.!.:-EiS

‘2661 JOGOIO0 Ul PAYSIQEISe AIUIDIA SI PUS JO2J IUSNIILL SJRUS SY} PUNCSE SUOREIS Bulioluow £ 3y 8B g~'S

L SyJewoy

AN TN TN TN TIN JIN TN MI00L/ SULOMOD IROL
UN TN TIN TN TIN 1IN TN W00 L/ SuLIojoD) [esaed

900 > e 10 900 > 800 800 > 60°0 7Bu uol|
500 > e G0'0 > S0'0 > g0'0 > S0'0 > 500> /2 JadeD
2000 > Z00'0 > Z00°0 > 2000 > Z00°0 > Z00'0 > z000 > Ifow AndJBN
0L'Q > 0L'0> 010> QL0 > 0L'0 > TES 0L0> =1 pean
900 > 90°C > 80°0 > 80°0 > 80'0 > 90’0 > 90'0 > /o WARLAIYD
ZLESL 9261 EEE8L 0681 BLYEL rLi8L YSE8L Ifous SPLOIYD
0012 0002 0022 60ce 0081 0602 05L2Z 7w aleuding

£0'0 60'0 .00 L0 900 Z0'0 200 /ous aleyasoyd
900°0 Z00°0 Z200°0 2000 €000 €000 8000 /B LUN

%4 o€ 0z g2 L2 0T 9L /B SIEJUN

L0°0 £0°0 00'0 00°0 000 000 vZ 0 /Bw BIUOWILLY
L00'0 Z00'0 L00'0 L00'0 0 2000 €000 |/ow . apiyding

Ll [A:] £'8 18 e gl Z'8 _ Hd

S > g > G > G > G > G> G> /6] pueuag UabAXO (eI

oL Ll gL 9L 'L 9L A /O UBDAXQ paajossIg

$'0g 52°0¢ S¥°0L 908 S'0E L'0¢ £'08 13 SPHOS PAANIOSSIC 12101

209 9'L9 $2'09 GO'LY 609 0’09 9 WO/ AJAORPUDD

6'32 0'82 5'8Z Z'62 Z'62 6'82 262 D EYCIERETR
SSIUNCIED %5 JEBID | SSAUNOIOD ' Jedi) | SSBUNOOD RJeAD | SSAUN0I0D §JEal) | SSOLNGIOD RUEAD | SSIUNCI0D B UEID | SEAUN0I0D B JBAID _ ‘2oueedddy [eNsAud
O & ’s ’s 'S [ 'S Zg 's [ aun 1ajeuerey

suoneig JULINIUOI THJ-SI[nsay Furjdureg Arrend) 1M B3§ "6-V S1qEL

A-35




Annex-ELS

°© &
(ysryelt), Joj eaie Suipes) abreq ASBM PIOS) JNOGIBY 153M- LINOG RN ~FLAAS
SIEA JO 1SE0D 1SE3- YINCS ~TLMS
I W SUONER0] Bundwes JUSWIPIS PUE JAIEM €8S B pLME~CLMS
"pUEIS] IYSTEILL 3O AIUDIA BUL Ut SuONE00] BuldWwes JUSWIPas PUB JIBM BIS B ZLMS~LMS SHIRWAY -
LT N N N N N 1IN TN AN el TN N TN i (WOOL/ SWLOPIOD [R0L
e NN 1IN “HN TN AN N UN TN L TIN TIN N N IWQ0L/ SULOHIOY) |BJ9R
S0'0> ' S00> | B00> | 900> | 900> 900> 10 900> 1 900> | 900> £0 0 Qo> | 900> /B uos
00> | 600> | S00> | 00> | S00> | 600> | 00> | 600> | G0O0O> | §00> [ S00> | SO0> S0'0> | 500> ouw 43ddog)
2000 > | Z00'0 > | 2000 > | 200°0 > | 2000 > | 2000 > | Z00'0 > | 200°0 > | 2000 > | 2000 > {2000 > | 2000 > Z00'0> | 2000 > R AINDION
0L0> 1 0L0> | OLG> [ 0LO> | OL0> | 010> | 010> ! OLQ> | 010> 1 010> 1 OL0> | QLO> oLo> | OLC> b pean
300> | 800> | 900> 900> | 800> | 900> | 900> | 900> | 900> | 900> 900> | 900> | 900> | 800> yow W WRIYD
LLB6L | ZZL6L | 9086l | L296L | LGSLZ | 9SELZ | 60SEL | L¥SOZ | ¥B6LL | S8ZLZ 95L0Z | POPBL | £0202 | EELLE youl 2pUOIUDY
oore | 00Ci 05ee 0022 0002 00L2 0022 [ OSvZ 0sz2 0seZ | 0022 | 0022 0512 QogsL Y aeyaIng
LZ0 £0°0 Lo0 Z0'0 00 £0°0 L00 Z0'0 Z0'0 LO0 200 100 00 ¥0'0 [/Bw -eydsoyd
2000 | L000 | 2000 | €000 | €000 | 2000 | £00'C | €000 | +000 000 | 9000 [ 1100 | 9000 ;| 4000 176w JWUN
v 60 oL Z'L L el Gl £l Ll £l £l Z'L Pl 8L /B RN
000G | 0L00 | 0000 | 0000 | LOGO | 0000 | 0080 | 0000 | 0000 0600 | OLOD | 000°0 | 000C 1 0000 /o - BIUOWIIYY
Q5L 08¢ 06¢ 00’ TS 00E 051 SZ'L $L'9 520 05'% 052 00e SL°0 1/Bus apiyding
cZ'8 LA 0C'8 [5oWA 8% L w8 SRl LO'6 092 Qz'e 02’8 Q'8 0Z'8 o' it
e ES G > G > G > G > G > G > S G > G > G > G > EES VBW| puewa( LabAX() [BISYD
oL S'L g2 9'2 v'L A 99 £L oL £'9 0L £ ZL L2 oW uabAXQ panjossiq
oLee Qe'eE | 09°6E QZ LE 06 Ve | OCGC | GL'OE | SApE | OZ6E | STOE | S8'9T 68'6e | $8'LE 00'LE 1] SPIOS PaAOSSIC 1EJ0L
08 LL_ P LL QS'LL QG PL GLE0 | 022l | &cZes | oves : S00L | G¥TL | OVEL | SiML S¥'GL 06'EL [Wo/sW AIMRNPUCD
0L L'gd ¢ 62 68z | &8¢ 0'6Z £'62 S'8C Z'6Z G'6Z L'62 9'6Z 6L Z'6T Da aunjesaduat |-
I Jeels FCTe) JesD m ean 1880 el F=CTa) JBRD ean Jeait) JeeD ean oo IauesEaddy (BISAUd
TAS | CMS | PMS | MS | CMS | MS | MS | ‘MsS [ 9Ms | *MS | 'MS | ‘MS | ‘MS | 'MS nun JojoWEIRY

TN PUE IGSOEL] -sHnsay Sundwmeg Aend) J3EA B980TV 2IqEL

A-36



Annex-EIS

AJ3.2 Sediment qualily

No data is available on the sediment (seabed material) quality in and around Malc or any
other island of Maldives. This could be attributed to the very specialized nature of the
anatytical work involved, in particular the pre-treatment of the sample to facilitate the
elution of the constituent measured. This requires elaborate laboratory facilitics and
technical skill that is facking in Maldives.

The sediment (seabed material) sampling by the Study Team was also conducted in the
beginning of September 1998 in tandem with the water quality sampling as mentioned
in the foregone section. The sampling locations are the immediate vicinity of the
Thilafushi Island (12 locations) and that of Male Island (2 locations) with a total of 14
locations, the sea-beds of the same seawater quality sampling locations of SWI-SW14
shown in Figure A-10 and Figure A-7 Nevertheless in order to distinguish the seabed
sampling [ocations from the corresponding sca water sampling locations, the sea bed
locations are referred to as SE1-SE14.

‘The sediment quality parameters analysed are those representative to accumulation of
pollution including heavy metals to bed materials of water bodies, namely, total
nitrogen, total phosphorus, total sulfur and the metals of total iron, copper, total
chromium, lead and mercury.

The results of scabed material quality analysis are shown in Table A-11. Based on the
results the sediment quality is assessed as clean with no significant contamination and
hence representative to natural background seabed material.
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