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PREFACE

In response to a request from the Government of Grenada, the Government of Japan decided to
conduct a preparatory survey on THE PROJECT FOR IMPROVEMENT OF TRADITIONAL
FISHING COMMUNITY INFRASTRUCTURE AT GOUYAVE and entrusted the survey to the Japan
International Cooperation Agency (JICA).

JICA sent to Grenada a survey team from August 15", 2008 to September 22", 2008 and from
March 16™, 2009 to April 7%, 20009.

The team held discussions with the officials concerned of the Government of Grenada, and
conducted a field study at the survey area.  After the team returned to Japan, further studies were made.
Then, a mission was sent to Grenada in order to discuss a draft basic design, and as this result, the
present report was finalized.

I hope that this report will contribute to the promotion of the project and to the enhancement of
friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of the Government of Grenada

for their close cooperation extended to the team.

July, 2009

Mr. Artyuki Matsumoto
Vice-President
Japan International Cooperation Agency



July, 2009

Letter of Transmittal

We are pleased to submit to you the preparatory survey report on THE PROJECT FOR
IMPROVEMENT OF TRADITIONAL FISHING COMMUNITY INFRASTRUCTURE AT GOUYAVE.

This survey was conducted by ECOH Corporation, under a contract to JICA, during the period
from August, 2009 to July, 2009. In conducting the survey, we have examined the feasibility and rationale
of the project with duc consideration to the present situation of Grenada and formulated the most

appropriate basic design for the project under Japan’s Grant Aid scheme.

Finally, we hope that this report will contribute to further promotion of the project.

Very truly yours,

Eiichi Matsuura

Project Manager

Preparatory Survey Team on

THE PROJECT FOR IMPROVEMENT OF
TRADITIONAL FISHING COMMUNITY
INFRASTRUCTURE AT GOUYAVE

ECOH CORPORATION
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SUMMARY

1. Outline of Country

Grenada is a volcanic islands country consisted of three major islands which are Grenada
Island, Carriacou Island and Petite Martinique Island belonging to the Windward islands located in
south of Lesser Antilles in the east Caribbean Sea. The land area is about 334 km’ (about half of
Japanese Sado Island) with the population of 106 thousand as of 2004. National income per capita is
USS 4,325 as of 2005 and it has attained independent as Commonwealth of Nations in 1974.

Grenada, afier independent, has developed tourism and fisheries industries in addition to the
production of Nutmeg, Banana, Cacao and ete. which are traditional agricultural products as the basic
industry to support the independence of the own economy and recently, Transportation, Construction,
Communication, Offshore Banking and etc. are expanded. However, since the domestic consumer’s
products are depended mostly on the import and the population and land area are limited, the industry
size 1s small, tourism is seen sluggish growth and the economic base is not strong. And, the agriculture,
tourism, public facilities, infrastructures and so forth were heavily damaged by hurricane “IVAN" and
the total casualty loss was about double of GDP of Grenada (about US$ 90 million) and still making an
effort for the reconstruction as of now.

The comparison ratio of GDP (EC$ 800.3 million) by industries are 13.4% by Transportation,
11.9% by Communication, 11.4% by Construction, 10.8% by Finance and Insurance, 9.1% by
Wholesale and Retail, 6.2% by Manufacturing, 5.9% by Electricity and Water works and 5.8% by Hotel
and Restaurants and the total primary industry has 5.9% (EC$ 47.18 million) and the Fisheries industry
being out of it has 1.6% (ECS$ 12.42 million). And, the deficit of 2006 is ECS$ 1,494 million in total
which is EC$ 196 million as domestic debt and ECS 1,297 million as external debt and the trade balance
m 2006 shows —-EC$ 825 million that the heavy deficit is continued. Main domestic products for export
are EC5 11,021 thousand of Flour, EC$ 9,914 thousand of Fisheries, EC$ 7,156 of Nutmeg and share
60% of total export amount that is EC$ 11,021 thousand. However, the import amount of fisheries is
ECS 9,312 thousand out of the total import amount of food is EC$ 82,228 thousand and the fisheries
export and import amount is almost the same amount.

2. Back Ground, path and outline of requested project

With the above the industrial structure and import and export balance, the Government of

Grenada has focused attention on the development of plenty fisheries resources. From the latter part of
1980’ to now, the Government of Grenada has established Fisheries Management and Development
Plan: 2002 having purposes of the contribution to economic development by the sustainable and
effective utilization, nutrition improvement and food supply to peoples (fulfilling of domestic demand
by food import and substitute for importing food), acquisition of foreign currency by export promotion,
creation of employment opportunity and increase of income of artisanal fishermen and has operated
them by the support like Japanese grant aids. Gouyave district in St. John county where is the project
site has continued fisheries more than 300 years and is the main fish landing place as well as the biggest
traditional fishing village in Grenada. However, this district has the following problems.

1. Landing from small boat depending on marine conditions is difficult.

2. Ice 1s supplied from Melville Street where 1s about 20 km away due to the poor ice facility.

3. The access of buyers, retailers and etc. is inconvenient since the location of existing fisheries center is

not good.
4. The existing facilities have been damaged by hurricane “ITVAN™.



3. Summary of survey result and Project content

Under the situation, the improvement of production and distribution of this district was
necessary in the study of the development of fisheries industry of Grenada. “Infrastructure improvement
plan in Gouyave traditional fisheries district” was established in December, 2006 with the purpose of
the improvement of fisheries facilities in Gouyave and has requested Grant Aid to Japan including (D
construction of breakwater and improvement of jetty, (2) Construction of fish market, (3Improvement
of the existing fisheries center. However, as this project has included the construction of marine civil
structures like breakwater to lead an anxiety of impact to the natural environment in addition that the
detail of project site, implementation system of Grenada and its capability were not clear, preliminary
survey team has been dispatched in January, 2008 and confirmed its relevancy and necessity. For the
above, the Government of Japan has decided to conduct the Preparatory survey Study and the team was
dispatched with the following schedule.

Preparatory survey : August 15, 2008 ~ September 22, 2008
Additional Preparatory survey : March 16, 2009~ April 7, 2009
Explanation of Drafi Report : June 27, 2009~ July 6, 2009

The following existing circumstances and the issues are found through the site survey.

(1) The sustainable and maximum effective utilization, of the coastal fisheries resources,
are executed as ensuring job security for local artisanal fishermen and food security for
the area people and, of the offshore fisheries resources as the resources for the
consumers mainly in urban area , tourism industry and export market in the recent
development guideline of fisheries sector. The fisheries base facilities in Goyave are still
stayed ways they were responding to the coastal fisheries in spite of the change of fisheries pattern
that the dependence degree is more than 95 % on offshore pelagic fish (migrant ) from the coastal
fisheries.

@  Although the fish landing function of existing jetty is only just maintained by repeated disasters
like hurricanes and repairs, a secured and safe berthing of artisanal fishing boat is in difficult
condition due to the aging of steps for landing, no installation of fenders and etc. Steel pipe piles
which support the jetty are corroded with the damages of coating for anti-corrosion and etc.
exceeding the assumed corrosion speed.

(3} Fisheries distribution function has been a scheme to support with the existing fisheries
center and fish market that were constructed by Japanese Grant Aid for Fishery Sector in
1989/1990 however the existing fisheries center is not functioned due to the damage by hurricane
“TVAN" and the functions like ice making machine have been deteriorated (actually 1.1 tons/day).
The cold storage capability has also been seriously deteriorated with the corrosion of freezer
and aging of wall, floor and door of refrigerator.

(@) The situation to put off fishing has been happened stopping the fish landing and shipping at high
season due to the lack of fisheries distribution facilities. And, according to the growing in fish size,
frozen storage has been required but there is no capability of frozen storage therefore 9.8% of
landed fish becomes post harvest loss (fish is thrown out).

(5) These influence is appeared on the annual landing volume and the landing volume in
Gouyave district shows downward trend (the landing volume in 2007 was 0.81 times of
its 2002) while the landing volume of total Grenada shows no apparent change. (the
landing volume in 2007 is 1.01 times of its 2002)

() TFishing boats in Gouyave operating offshore of west coast of Grenada are inevitable to load safety
tools (wireless application and ectc.) while, the existing tower which works for observation of
fishing boats activities, transmittal of signal at the time of emergency is existed at north east of



Grenada Island but the radio wave is not reached up to the west coast due to the terrain condition.
Therefore, fishermen’s safety such as observation of fishing boats activities which operate offshore
or transmittal of emergency signal is not secured.

4. Implementation schedule of the Project and cost estimation

With the above, in this project, centering the existing fisheries center where is in Gouyave
District, St. John County, Grenada, New Fisheries Center to put together all functions of the existing
fisheries center and as the cooperation project, the components are (1) Basic facilities of fishing port
(Jetty, Revetment, Access road), 2Base facilities of fisheries production and distribution (L.anded fish
treatment, Storage, Processing facility and Sales booth, Facilities for management and welfare,
Transmission facilities for fisheries ), (3 Other facilities (Sewage treatment, Car parking, Fish net
mending shed). The summary of the New Fisheries Center constructed by this project are as described
m the following table and the detailed design needs 5.5 months and 17 months for the construction
work.
Project cost can be estimated as 1,169 million Japanese yen by Japan side and 12 million
Japanese yen by Grenada side (excluding the cost for land and relocation of resident).



Contents of Components

Item

Usage

Spec/iQuantity

Remarks

(1) Basic Facility for Fishing Port

1 Breakwater Improvement of wave condition around existing
Jetty
2 Partial improvement of Improvement of landing & preparation for Jetty length’ 83m (45m for berth section - Width of berth section’ 9@m, Width
existing jetty fishing (for long-line fishing boat & trawler and 38m for access section) of acecess section: 4.858m
targeted large size offshore pelagic fiah) . Included removal of existing jetty
3 Jetty lighting facility Lighting facility for night work arcund jetty 4 mets
4 Installation of gasoline & Teo supply fuels to outd in beard engines from Installation of under ground duct (Supply piping for cil and water is
diesel supply pipe lines the jetty installed by Grenada)
5 Slipway facility
DSlipway A slope for lifting boat to maintain and repair
ELorry For loading a boat on this

@Driving winch

For haul up a lorry

@Boat yard

Yard for maintain and repair boats lifted up

EEngine repair room

Room to maintain & repair for out & in board

engines

Work shop (27.04m?2)

(2) Fisheries Production & Distribution Facilities

1. Landed fish treatment, sto

rage and process facilities

D Chest freezer

Storage mainly for domestic sales of large size
pelagic fish and its processsd products

Blast freezing room with 17 m°, ice
storage room with 87 m?, slow freezing
storage room with 117 m® in -20°%C- -25°%C

Blast freezing room: 250 ke/day, 257 -
30°C, Freezing storage room with 20
hours/one time: fish volume: 3.5t at -
20 for about 2 weeka Slow freezing
reom: 4.3 t/day, -20%- -25% for about

3.5 daya

(Z)Cold storage room 2 to 4 day= storage mainly for exporting tunas 38 mS% Ice storage: at "5% for 1.5 day= storage,
Ice storage: fish volume: 1.1 ton/day
EBait room Storage flying fishes etc. used for long line|58m® Fish storage veolume: 540 kg/day at -20°%

fishing

for one month

@D Ice machine & Ice storage room

Ice to be used for preparation of fishing, quick
freezing of landed fish and its storage, dom estic
transportation and sales in fishing market of]

fresh fishes

Ice making capacity with 4t /24 hours
plate ice, Ice storage room {(voelime with
10 t)

EVending booth

Fresh fish
district

sales for comsumers in Gouyave

10 bootha {(Vender’'s area’ 133 m=)

Concrete made with Terrazo finishing

@Fish receiving & Cleaning room

Sorting, cleaning and weighing of landed fishes

Floor area of receiving & cleaning room:
80 m* weighing & recording reoom: 39

m2

Weighing tools and storage cases are
born by the Government of Grenada

Fish primary treatment room

Cleaning, gutting and removing scales of am all
size fishes to be acld in fish market

Floor area of vender’'s room incladed in
133 m?=

EFish cleaners sink Cleaning, gutting and removing acales of amall 10 sinks
size fishes to be sold in fish market
Procesa for fillet, round slice & stc. of large size [91m?2 Insulated storage box and proceasing

(@Fish processing room

pelagic fish for domestic caught in hizgh season
i{procesasing products are atored as frozen and
supply stably o meet with domestic market
demand)

equipm ent are born by the Government
of Grenada

2. Facility management and Sanitary facilities

(D Manager's office

Business execution and receiving center guest

Fisheries Division: 1 room, Market

management: 1room

2F for Fisherieas Division

Administrative office

Management of the center

Fish Mark et Manasement Office x 1
Troom

Training & conference room Fisheries supervining and training to 1 room 2F
fishermen, FR activities, & fishermen’'s
conference
@ Warehous e for material Storage for stationeries, documents, tools and 1 room 1F Warehouse for management (storage

etc.

for cleaning toola)

() Staff toilet, & shower room

Sanitary & welfare facilities for ataff

Formen x 1, women x 1, with washing &

shower (1 room)

Staff changing room

For staff

1 room

(@ Toilet & shower for fishermen

& venders

Sanitary & welfare facilities for fishermen &
venders

Toeilet for market management x 2,

shower x 2 {cum fishermen)

(E) Changing room for fishermen &
venders

For fishermen & venders

Included in the above

3. Revetment and outlaying facilities

(DLand reclamation and Securing land for the New Fisheries Center 900 m?
backfilling
@Revetment & Parapet wall Frotection of the New Fisheries Center from 100m

waves

EGrating covers

Girating cover for rain water in site and making

use of project asite

Settlement bridge {Concrete made)

@In port access road Securing smooth and safe working environment|L:95 m
in project site

@Concrete pavement Securing smooth and safe working environment| 550 m=
in project site

@Exterior lighting, Iluminations | Securing night work in project site and its guard|4 sets

dutyr

@Sewage treatment plant

Treatment for sewage water generated in
project site and dom estic waste water and

environment conservation

Septic tank, Removal of oil pollution from
boat yard

ECar parking

Securing convenience for visitors and fishermen

Concrete pavement

4. Facilities concerning fisher

ies

(DODry storage room

Mending of fish netsa

3 m x 5m 4 sets with temporary roof

@Beacon light

For calling port by fishing boats

1 (beacon light with sclar generation )}

Distance: 5 n-milea

(3) Remote communication facility

DANntenna

Expansion of communication coverage of VHE
radic loaded on fishing boats (Presently fixed
type with boat aboeut 25 n'-miles change and
expand to potable type with about 50 ta 90 -
miles)

Self standing communication antenna
tower (L-type steel structure with the
height of 1850 ft)

ERepeater installation shed

Inatallation of VHF repeater, storage (just

beneath antenna or the side)

4 m x 4m (Office space) 4m x 2m

{(Generator and warehouse)

Necessary separation between repeater
installation and office due to protection of]
radic disturbance

EMarine VHF Repeaters

Communication rely between VHF radio loaded
on fishing boat and Gouyave land station( 1 for
primary reception and 1 for mutual

communication)

Fower { 50 w x 2)

(4) Equipments

(DForklift

For landing, loading and transportation of
landing fish and ice loading

1 vehicle (LPG specification)}

Loading capacity’ 1 ton

@Truck with crane

Fishing landing and transportation

1 truck (2 tona)

Lifting capacity’ 1 ton




It is evaluated as relevant and significant as Grant Aid Cooperation since the following effects can
be expected by the implementation of this project.

(DIRECT EFFECT)

(I Improvement of fish landing volume
Annual handling volume in the existing fish market is 428,782 Ibs however, the handling volume in the
New Fisheries Center shall be increased with the construction of the new fisheries center and conduction
of effective distribution in the market. And, it is estimated that the current post harvest loss of fisheries
products is 9.8% (61,977 1bs/year) of annual handling volume of the existing fish market, as the effective
distribution of fisheries products is executed with the provision of freezing rooms in the new fisheries
center, these post harvest losses shall be resolved.

@) Promotion of efficiency and safety of landing with construction of jetty
Fish landing is difficult in the existing jetty since the crown height is elevated against present
fishing boats. And, since the gratings which were installed at lower part of jetty by Grenada are
too narrow without installing fenders, there are troubles at landing works and problems of safety.
Safe and effective landing works will become possible solving these problems by the construction
of jetty.

(3) Improvement of convenience and sanitary condition and increase of users by improving function of fish
market
The existing fish market has no car parking space and the available sales booths are only 4 due to the
narrowness. As the sales booths will be increased and about 16 vehicles can be used simultancously in the
consolidated new fisheries center, it will be more convenient. 10 sales booths for the venders which are
2.5 times of the present will be made. The area of sales table per booth will be wider and the booth will be
possible to put fish on ice which leads to the sanitary sales with preserving freshness and the consumers
can purchase fresh fisheries products. Consequently, the increase of the number of users to purchase
fisheries products and the venders to utilize the market can be expected.

(@ Increase of processing volume and variety in fish market
As expanding the function of freezing storage in the New Fisheries Center, the variety of handling fishes
from fresh fish to frozen fishes shall be increased. As well as tuna processing for export can be possible,
cutting process in rounds of frozen fish (Tuna, Atlantic sailfish and Common dolphin fish) for domestic
market is promoted. And, the expanding process room makes handling of processed fish possible.

%) Increase of ice sales volume and income
As the ice supplying capacity corresponding to the present ice demand in the New Fisheries Center shall
be improved, the ice sales volume will be increased and its income of the Fisheries Center which is
operating organization will be increased. As the ice making capacity will be 4 tons/day from the present
1.1 tons/day and the storage capacity will be 10 tons, the annual ice sales amount will be increased.

(© Decease of number of marine peril
Most of fishing boats in Gouyave have operated at the offshore of 40 to 70 sea miles. Although the
antenna was installed at Kublal located north side of Grenada Island St. Catherine hampers the radio wave
and it does not transmitted to open sea. About 30 marine perils at Gouyave district have occurred in the
past 5 years. Half of these (16 perils) were caused by having trouble contacting in an emergency.
The antenna which will be constructed with this project is set 90 miles as longitudinal coverage and
basically most of fishing boats can be operated within the range of the radio. Therefore, the improvement
of receipt of rescue signal from fishing boats, finding of operation area, provision of information and etc.

become easy and decrease the marine perils can be expected.



(INDIRECT EFFECT)

(D Income increase of related business with fish market
Fresh fishes will be always possible to be supplied in the New Fisheries Center and the handling volume
will be increased and the income increase of related business with fish market can be expected.

(@) Supply of protein sources to the people of Grenada and increase of employment opportunities
As fresh fisheries products are supplied throughout Grenada, 110 thousand of peoples national shall
receive the effect such as getting supply of protein and the benefit the increase of employment
opportunity by the development of fisheries industries through the export of fisheries products.

Fisheries division which is an implementation organization of the New Fisheries Center is proposed
to make efficient use of the New fisheries Center and operate and maintain it after completion of
construction of this project with well taking care of the following points.

(1) System to steadily execute daily management and periodical maintenance for building and facility

In order to maintain and keep the functions of buildings, facilities and equipment induced by this
project, the daily management is important. It is important to follow the daily cleaning work also in the New
Fisheries Center although the daily cleaning work is executed in the existing fisheries center and kept clean
and it is necessary to organize the system to record daily operation and utilization status of buildings,
facilities and equipment and its periodical maintenance.

(2) Establishment of monitoring system

It is necessary to understand the fish freshness and the user’s need by executing weighing and
record of landed fish, supply fuel to fishing boats and the record of supply volume, checking of berth
occupancy time by fishing boats for fish landing, checking of fish freshness, periodical questionnaire survey
to users and etc.

(3) Establishment of operation manual

Operation manual in sales booth, process room, ice making and cold storage facility for its facility
cleaning, how to handle fish, processing method, freshness assessment method and ete. and distributes them
to venders and staff of the New Fisheries Center and controls strictly.

(<) Break ground of market

It is also necessary to respond to fresh fish for export promotion and frozen fish for restaurant, hotel
and hospital in addition to fresh fish for venders in the New Fisheries Center. In order that the New Fisheries
Center shall develop in a sustainable way, the new business target is necessary as well as maintaining
freshness monitoring their comments and requirement all the time from new buyers and try to promote its
quality.

(5) Reserve fund for facility renewal
Ice making and cold storage facility in the New Fisheries Center shall need periodical maintenance
fee, main parts replacement fee and renewal fee at the 13th year of the durable years. This renewal fee is
necessary to be reserved properly.
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Chapter 1 Back ground of the Project

1-1 Back ground of request for Grant Aid Cooperation

Fisheries industry of Grenada is placed to be important out of the Primary Industry in
the National Development Plan (2001 to 2005) and the targets of development are to encourage
increase of cash income through modernized fishing industries, to achieve self-sufficiency in
fish products, to generate foreign exchange by stimulating fishing activities, to generate and
amplify employment opportunity and etc.

Gouyave district, St. John County is the largest traditional and long-established fishing
community more than 300 years in Grenada in addition to main fish landing place. However,
this district has the following problems.

(L Ice supply is received from Melville Street Market where is 20 km away due to the lack of
enough ice facility,

@ It is inconvenient for other local users, venders or others to access due to the bad
conditions of the existing fishing market,

(@ The existing facilities were damaged by the hurricane “ IVAN”,

@ It is difficult to fish landing from small fishing boat depending on marine phenomenon.

Under this situation, the improvement of production and distribution system in this
district is necessary upon studying the development of fisheries industry of Grenada and
Grenada has made “Improvement Plan of the Traditional Fishing Community Infrastructure at
Gouyave” aiming to improve fisheries facilities at Gouyave in December, 2006 and has
requested the Grant Aid Cooperation to the Government of Japan including Construction of
revetment and Improvement of Jetty, Construction of Fish Market, Improvement of the

Existing Fisheries Center.

However, as the details of project site and implementing system and capability of the
government were uncertain and the construction of marine structures like revetment has been
planned, the influence on natural environment was anticipated. Therefore, the preliminary Study
Team was sent in January, 2008 and got the following results.

(D This project site, Gouyave where the infrastructures were constructed at “Coastal Fisheries
Development Plan™ by Grant Aid Cooperation, thereafter, the catching object was changed
to the large size offshore pelagic fish centering yellow fin tuna from the coastal resources
with the good result of technical transfer through dispatch of long stay experts from Japan.
And, now it supports Grenada fishing industry as tuna landing base.

@ Facilities constructed in the “Coastal Fisheries Development Plan™ are no longer able to

respond to the needs which fishermen suffer now such as growing in size of fishing boat.
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As these facilities were damaged by hurricane “TVAN™ mn 2004, the facilities could not be
recovered enough and disturbed to fishery production activities.

@ Special caution and careful examination are necessary on by acquisition of project site,
management of the new Fisheries Center and Fish Market, understanding of proper ice
making volume, the environmental impact assessment (sand sedimentation and scouring)
and etc. associated with the construction of marine structures (improvement of tranquility)

@ As for the rest, a stakcholders meeting was held sponsored by implementing agency and
got the opinions from market users and fishermen, the support for this project was

confirmed.

Accordingly, the Preparatory Survey to verify the necessity, appropriateness and
urgency of requested project is conducted as Grant Aid Cooperation and establishment of
project plan and estimation of project cost are to be conducted. And as this project is categorized
as “B” on “Guide Line for Environmental and Social Consideration published by JICA™, it is
required to realize countermeasures considering enough to the environmental society such as the
impact on natural environment, waste water mitigation, explanation to fishery related people

and the vicinity, waste treatment

1-2  Components requested as Grant Aid Cooperation

Table 1-2(1) shows the requested components from Grenada side, priority evaluation
and remarks of each component at the time of preliminary study. Figure 1-2(1) shows the
summary of “Improvement Plan of the Traditional Fishing Community Infrastructure at

Gouyave” by the Government of Grenada.
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Table 1-2(1} Requested Components of the Government of Grenada and priority evaluation of each component at Preliminary Study

Priority
ltem Usage Requested {Preliminary Remarks
Study)
(1) Basic Facility for Fishing Port,
1 | Breakwater Improvement of wave condition arocund existing Jetty 170m Rubble mound Iwith wave
ahsorbing [unction) A
2 | Partial improvement of Improvement of landing & preparation for fishing (for = Width of berth section: fim. Width of access section’
existing jetty long-line fishing hoat & trawler targeted large size A 4.88m
offshore pelagic fish) - Included removal of existing jetty
3 | Jetty highting facility Lighting facility for night work areund jetty 2 sets b
4 | Installation of gasoline & | To supply fuels to out& in board engines from the jetty | 2 sets 7 (Supply piping for oil and water is installed  hy
diesel supply pipe lines Grenadal
5 | Shpway facility
(1} Slipway A slope for lifting boat te maintain and repair B0 m° A
2 Lorry For leading a boat on this Corresponding to 28 ft to 43 fi A
3} Dnving winch For haul up a lorry Power driven (12 1) B
4) Boat yard Yard for maintain and repair boats lifted up 1B0m B
5} Engine repair room Room to maintain & repair for out & in board engines 25 mt D
(2) Fisheries Production & Distribution Facilities
1. L.anded fish treatment, storage and process facilities
1! Chest freezer Storage mainly for domestic sales of layge size pelapic | 120 m* % 2 rooms Quick freezing room: 250 kg/day, -25°C- -30°C.
fish and its processed products Freezing storage room with 20 hoursfone time: fish
A volume: 3.5 t at -20C for about 2 weeks. Slow
freezing room: 4.2 t/day, -20C- -253C for about 3.5
days
@ Cold storage room 2 10 4 days storage mainly for exporting tunas 20 m® x 2 rooms Ice storage: at -5'C for 1.5 days storage, Ice storage
A fish volume’ 1.1 ton/day
@ Bait room Storage flving fishes ete. used for long-line fishing 20 m* x 2 rooms Fish storage volume: 540 kg/day at -20°C for one
A menth
@ Ice machine & Ice Ice to be used for preparation of fishing, quick freezing | Ice making capacity with 4 t /24 hours
storage room of landed fish and its storage, domestic transportation | flake ice, Iee storage room (volume with A
and sales in fishing market of fresh fishes 40 mix 1 rocom)
(® Vending booth Fresh f{ish sales for consumers in Gouyave distriet 10 booths A Concrete made with Terrazzo Finishing
® Fish receiving & Cleaning | Sorting, cleaning and weighing of landed fishes Floor area with 80 m? x 1 room Weighing tools and storage cases are born by the
room o Government of Grenada
(T Fish primary treatment Cleaning, gutting and removing scales of small size Floor area with 20 m% x 1 room ;
room fishes to be sold in fish market e
Fish cleaners sink Cleaning, gutting and removing scales of small size 10 sinks
fishes to be sold in fish market .
(@ Fish processing room Process for fillet, round slice & eic. of large size pelagic | Floor area with 100 m* x 1 room Insulated storage hox and processing equipment are
fish for domestic caught in high season Iprocessing born by the Government of Grenada
products are stored as frozen and supply stably o meet A
with domestic market demand)
2. Facility management. and Samtary facilities
() Manager's office Business execution and receiving center guest 1 room A 2F for Fishervies Division
@ Administrative office Management of the center 1 room (Fisheries Developnient Office
cum Data Processing Racml A
@ Training & conference Fisheries supervising and training to fishermen. PR 1 reom 2F
room activities, & fishermen’s conference A
@ Warehouse for material Storage for stationeries, documents. tools and ete. 1 rocm 1F Warehouse for management istorape for cleapming
o) tools)
® Staff toilet, & shower Sanitary & welfare facilities for staff For men x 1, women x 1. with washing &
room shower (1 room) 2
® Staff changing room For staff 1 room X
@ Toilet & shower for Sanitary & welfave [avililies for [ishermen & venders Toilet fro fishernien x 2, shower ¥ 3 {eum 5
fishermen & venders venders) b
Changing room for For lishermen & venders 1 room ;
fishermen & venders
3. Revetment and other facilities
(1) Land reclamation and Securing land for the New Fisheries Center 300 m* A
backfilling
(2) Revetment & Parapet Protection of the New Fisheries Center from waves 100 m, &
wall
a Parapet 23m A
@ Grating covers Grating cover for rain water 1n site and making use of S0 m° p
preject site e
@ In port access road Securing smoeoth and safe working environment in
preject site A
(® Concrete pavement Securing smoeoth and safe working environment in
project site A
® Exterior Lighting, Securing night work in project site and its guard duty
Hluminations A
(D Sewage treatment plant Treatment for sewage water generated in project site
and domestic waste water and envirenment A
conservation
(3) Communication facility
1 Antenna Expansion of communication coverage of VHF radio Sell standing communication antenna
loaded on fishing boats (Presently fixed type with boat tower [Steel structure with the height of
about 25 n-miles change and expand to potable tvpe 150 ft) A
with about 50 te 40 n-miles)
{Z) Repeater installation Installation of VHF repeater, storape ljust beneath AmxSm Necessayy separation between yepeater installation
shed antenna or the side) A and office due to protection of radie disturbance
3 Marine VHF Repeaters Communication rely between VHF radio loaded on Power (50w x 2)
fishing boat and Gouyave land station! 1 for primary i

reception and 1 for mutual communication)
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1-3 Natural Conditions
(1) Geographical Features

Grenada is an islands country located at Lesser Antilles in the Caribbean Sea (at latitude
12 degree north and longitude about 61 degree west). The land area is 334 km® and has small
islands like Carriacou Island and Petite Martinique Island in addition to Grenada Main Island.
Main Island having capitol, St. Georges is the volcanic origin island with the arca of about 20 km
from east to west and about 30 km from north to south. There is mountainous land in the center
reaching a height of about 900 m above sea level and less flat land in the coastal arca. There are
many buildings for government offices, enterprises, housings and etc. built on a slope.

Gouyave city where is the project site is the county capitol of St. Georges County
located at northwest of main island facing to Caribbean Sea. It keeps away about 15 km as the
linear distance from St. Georges. The urban district is located at river mouths of Gouyave and
Little river and private houses are densely built at small area of flat land and on a slope back
side.

(2) Topography

Grenada Island is the volcanic origin island however presently the volcanic activity is
resting. The surface is covered by clay-rich soil (refer to Figure 1-3(1) topographical distribution
chart) and many vegetations make their habitant there. And, according to the result of site survey,
there seen sand beaches with involvement of iron sand in the seashore of northwest of Grenada
Island. The iron sand exists more at backside of beach than water’s edge and also as it is
confirmed many in river bed of Little river and drain outlet, it is proved that the soil with

involvement of iron sand exists in the northwest of Grenada Island.
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(3) Meteorological Phenomena

The climate of Grenada is steamy tropical maritime climate and the season can be
roughly classified as rainy season from June to December and dry season from January to May.
Around North Atlantic Ocean where Grenada is located comes under the influence of trade wind
and E and ENE wind is dominant through the year. And, Grenada is affected by hurricane that is
generated in North Atlantic Ocean from July through November. Especially, Grenada was
heavily damaged by well known, two biggest hurricanes “LENNY™ hit in November, 1999 and
hurricane “TVAN™ hit in September, 2004 due to the strong winds and the tidal waves. In this
study, meteorological phenomena was confirmed with the collection and sorting out of the data
from Global Analytic Value which is the climate data (every 6 hours) of each location (every
1.25° in both longitude and latitude) based on the observed value or predicted value published by
Japanese Meteorological Office and Point Salinas International Airport about 20 km off from the
edge of southwest of Grenada and south-southwest of Gouyave.

Table 1-3(1) and Table 1-3(2) sorted out the average value in month and year from
the result of local observation for average temperature, minimum temperature, maximum

temperature and precipitation.

1) Temperature
The temperature is mild with that maximum temperature is from 30 to 32°C through
the vear and the average temperature is from 26 to 28°C and minimum temperature is from 22
to 25°C. And, the seasonal fluctuation is next to nothing.
2) Precipitating water
Annual precipitation at Point Ve e
Salinas Airport is about 1,300 mm in e % i f
average. January to May which is dry ¥ : :
season is about 20 to 90 mm in average

and June to December which is rainy

season is about 100 to 170 mm in . | /7

A 5
average. According to planar SO =
distribution (Figure 1-3(2)), :_i .

mountainous lands in the center of

island has more than coastal arca with _ / L - 2,

its annual precipitation exceeds 4,000 . — — 2 |
mm. The point of Gouyave is in coastal ; B

area but its precipitation is relatively W W St

heavy which reaches to about 2,500 mm aaY

in a year.

Figure 1-3(2) Planar Distribution of Precipitation
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Table 1-3(1) Monthly average of maximum temperature(Point Salinas Air Port)

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Ave
2003 | 296 | 299 | 302 | 305 | 315 | 304|307 | 308 | 317|316 | 308|300 | 306
2004 | 30.4 | 30.4 | 30.3 | 305 | 301 | 30.7 | 305 | 308 | 316 | 31.7 | 31.1 | 30.8 | 30.7
2005|300 | 310|314 |315| 317 308|309 |317|324|320|307|304)| 312
2006 | 298 | 296 | 301 | 306 | 311 | 309 | 309 | 31.4 | 319 | 315 | 311 | 30.1 | 30.7
2007 | 297 | 297 | 299 | 30.4 | 308 | 307 | 310 | 30.9 | 315 | 31.1 | 306 | 30.3 | 306
Ave. | 299 | 301 | 304|307 | 31.0 | 30.7 | 30.8 | 311 | 318 | 31.6 | 30.8 | 30.3 | 30.8

Table 1-3(2)

Monthly average of minimum temperature ( Point Salinas Air Port)

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Ave
2003 | 234 | 235|238 | 250|254 | 245|245 | 241 | 252 | 255|246 | 237 | 244
2004 | 229 | 233 | 232 | 241 | 244 | 241 | 241 | 241 | 253 | 252 | 239 | 23.3 | 240
2005 | 231 | 23.0 | 242 | 254 | 255 | 245 | 242 | 249 | 252 | 253 | 23.7 | 23.0 | 243
2006 | 225 | 226 | 237 | 244 | 250 | 246 | 249 | 246 | 247 | 253 | 246 | 239 | 242
2007 | 233 | 233 | 243 | 251 | 258 | 251 | 249 | 245 | 250 | 249 | 241 | 232 | 245
Ave, | 231 | 231 | 239 | 248 | 252 | 246 | 245 | 245 | 2561 | 252 | 242 | 23.4 | 243

Table 1-3(3)

Monthly average of average temperature (Point Salinas Air Port)

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Ave
2003 | 265 | 267 | 270 | 277 | 285 | 274 | 276 | 275 | 285 | 285 | 27.7 | 269 | 275
2004 | 266 | 268 | 268 | 27.3 | 273 | 274 | 273 | 275 | 284 | 284 | 275 | 270 | 274
2005 | 266 | 27.0 | 278 | 284 | 286 | 277 | 275 | 283 | 288 | 286 | 27.2 | 26.7 | 27.8
2006 | 26.2 | 261 | 269 | 275 | 281 | 278 | 279 | 280 | 283 | 284 | 279 | 27.0 | 275
2007 | 265 | 265 | 271 | 278 | 283 | 279 | 279 | 27.7 | 282 | 280 | 27.3 | 26.7 | 275
Ave. | 265 | 266 | 271 | 27.7 | 281 | 276 | 276 | 278 | 285 | 284 | 275 | 269 | 275

Table 1-3(4) Monthly average of Precipitation (Point Salinas Air Port Unit: mm)

Jan | Feb | Mar | Apr | May | Jun |Jul | Aug | Sep | Oct | Nov | Dec | Total
2003 50.4 | 23.3 2.2 11.8 10.7 | 178.5 | 136.7 | 189.9 75.6 73.8 | 163.2 | 174.6 | 1090.7
2004 456 | 215 | 195 | 2242 | 1788 | 1358 | 119.2 | 1596 | 1925 | 118.0 | 183.8 | 114.8 | 1513.3
2005 | 1528 | 12.0 | 191 59 87.5 | 2191 | 3043 | 105.9 59.6 925 [ 178.2 | 165.5 | 14024
2006 | 164.0 | 63.7 | 40.7 3.2 30.9 | 173.5 | 1328 | 119.1 | 1433 92.2 [ 1322 | 153.6 | 1249.2
2007 29.2 | 58.0 | 151 30.6 23.8 84.2 845 | 278.7 43.3 | 204.7 | 1221 | 120.3 | 1094.5
Ave. 88.4 | 357 | 193 551 66.3 | 158.2 | 1555 | 170.6 | 102.9 | 116.2 | 1559 | 145.8 | 1270.0
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3) Wind

Wind feature around Grenada was confirmed by Global Objective Analysis which
was obtained from Meteorological Office in Japan. Average wind vector is shown at Figure
1-3(3) Planar Distribution. And, wind rose at Figure 1-3(4) and wind direction and frequency
table of wind speed class at Table 1-3(5) in point of Grenada from the analyzed value.
According to this, the wind feature of Grenada area occupy more than about 80 % of the total
by two wind directions which are ENE and E generated mostly through a year affected by
trade wind. Seasonal fluctuation of wind direction distribution is relatively small and the
occurrence ratio of ENE and E are specifically high but, the occurrence ratio of E is high in
winter season. The annual occurrence ratio of exceeding the wind speed of 5.0m/s, 7.5m/s,
10.0m/s arc 81.4%, 8.3%, 4.7% respectively. The same arrangement was executed based on
the observation value from Point Salinas Air Port.

While, the same study was done based on the observation value in Point Salinas Air
Port. The wind rose is shown at Figure 1-3(5) by the result of this. Judging from this, the

occurrence ratio of the wind directions of E~ SE which are affected by trade wind is high and

these 3 directions occupy about 80% of the total.
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Figure 1-3(3) Average wind distribution in western area of Atlantic Ocean( Data ° 5

0
Meteorological Office, 2002 to 2006, all years)
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Figure 1-3(4) Wind rose at the point of Grenada (2002 ~2006 from Meteorological
Office )

Table 1-3(5) All years wind direction and wind speed frequency table at the point of
Grenada (2002 ~2006 all years from Meteorological Office)

irsction
Utnfe) N NNE NE ENE E ESE SE S5E 3 35W SW WaW W WNW NW NINW Total
0.o- o1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.00| 0.00| 0.00| 0.00| 0.00) 000 000 0.00) 0.00) 000) 000) 0.00) 0.00) 0.00) 000 000 000 0.00
0.1- 2.5 7 11 15 26 29 22 11 7 5 7 0 2 2 4 2 4 0 154
0.10| 0.16| 0.21| 0.38| 0.40| 0.30| 0.16| 0.10) 0.07| 0.10| 0.00) 0.03) 0.03| 0.056| 0.03| 0.056| 0.00) 211
26 - 6O ] 22 34 313 466 200 73 31 6 3 1 1 1 0 1 1 0 1202
0.12| 0.30] 1.16) 4.28| &.24| 2.74 1.o0] 0.42] 0.08] 0.04| 0.01] 0.01] 0.01] 0.00] 0.0l 0.01] 0.00] 16.46
5.0- T.5 3 23 208 1003 1345 388 64 18 4 0 0 0 1 0 0 0 0] 3148
0.04| 0.31| 2.86|14.96| 18.41| 531 | 0.88| 0.26| 0.06| 0.00| 0.00) 0.00) 0.01) 0.00) 0.00) 0.00) 0.00)43.10
7.6 - 10.0 2 7 126 1126 1040 140 18 2 0 1 0 0 0 0 0 0 0] 2458
0.03] 0.10] 1.71 )| 16.40 | 14.24 1,92 0.22] 0.03] 0.00] 0.01] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 33.65
10.0 - 12.5 0 2 26 165 111 14 4 0 0 0 0 0 0 0 0 0 0 322
0.00| 0.03| 0.36| 2.26| 1.62| 0.18| 0.06| 0.00| 0.00| 0.00| 0.00) 0.00) 0.00) 000) 000) 000) 000 4.41
12.6 - 16.0 0 1 3 11 2 1 1 0 0 0 0 0 0 0 0 0 0 16
0.00| 0.01| 0.04| 0.16| 0.03| 0.01| 0.01| 0.00) 0.00) 0.00| 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.28
16.0 - 17.6 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1
0.00| 0.00| 0.00| .00 0.01| 000 0.00| 000 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 000 001
17.5 - 20.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.00| 0.00| Q.00 Q.00 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00
20,0 - 22.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.00| 0.00| 0.00| 0.00| 0.00) 000 000 0.00) 0.00) 000) 000) 0.00) 0.00) 0.00) 000 000 000 0.00
22.6 - 25.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.00| 0.00| 0.00| 0.00| 0.00) 000 000 0.00) 0.00) 000) 000) 0.00) 0.00) 0.00) 000 000 000 0.00
26.0 - 27.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.00| 0.00| Q.00 Q.00 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00
27.6 - 30,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.00| 0.00| 0.00| 0.00| 0.00) 000 000 0.00) 0.00) 000) 000) 0.00) 0.00) 0.00) 000 000 000 0.00
30,0 - 100.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.00| 0.00| Q.00 Q.00 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00
Total 21 86 462 | 2733 | 2984 785 168 58 15 11 1 3 4 4 3 5 0] T304
0.3 0.8 6.3] 387.4| d0.8 10.6 2.3 0.8 0.2 0.2 0.0 0.0 0.1 0.1 0.0 0.1 0.0 1000

Upper © Number of contents
Lower : Percentage of occurrence
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Figure 1-3(5) Wind rose in Point Salinas Airport
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(4) Oceanographic Phenomenon

The general picture of wave coming to local sea site area was once sought by wave
forecasting and hind casting adopting “One-Point Model”. Taking collected wave data at the
time of Field Survey, wave observation result, local hearing result and so forth into
consideration, the waves coming to subject sea area were confirmed.

“One-Point Model” is the model to obtain wave sizes at the point synthesizing
calculating result of each component wave which wave direction and frequency are divided
adopting physics model reproduced the process of wave generation, development, damp and
propagation. This is one of the spectrum component method for wave forecasting and hind
casting adopting wave irregularity and calculation model to improve on saving calculation
volume and time and long time wave forecasting and hind casting which can be relatively
simple by setting one point as wave forecasting and hind casting point. What needed in the
wave forecasting and hind casting is basically wind data only. In the wave forecasting and
hind casting of normal time, the wave was predicted inputting wind data of all the sca area
including project sea point using wind data by Global Objective Analysis previously
described.

1) Ordinary Wave

At first, ordinary wave in the Atlantic Ocean side of Grenada has predicted with the
offshore wave condition using “One-Point Model” and Global Objective Analysis. The
frequency table was made as per Table 1-3(6) from the result of wave forecasting and hind
casting. This result shows that wave direction 1s responded to the wind occurrence ratio and
the occurrence ratio of wind direction ENE and E occupies about 70% of the total. Wave
height is about 6 m at maximum. And the period is widely distributed as up to 6 to 12 seconds
but, 5 to 9 seconds are dominant. These waves reach to project site diffracting from the south
end or north end of Grenada Island. The waves are damped and as wave height ratio becomes
below 0.1, the influence to project site is considered to be small in comparison with the
occurrence wave in Caribbean Bay as described later.

On the contrary, the same forecasting and hind casting for waves generated within
Caribbean Sea was executed. Table 1-3(7) shows wave frequency table made from wave
forecasting and hind casting result. The direction of incident waves is dominant by N wave
which occupies about 90% of the total. The wave height is relatively low and the occurrence
ratio of waves exceeding 1 m and 0.5 m are about 5.8% and 84.9% respectively and the
maximum wave height becomes about 2 m. And, the period is dominant by 4 to 7 seconds. In
view of seasonal aspect, the occurrence ratio of high wave is significant in winter season
(December to February) and the occurrence ratio of the wave height exceeding 1 m goes up to
15.3% in this season.

Wave frequency table at the point of Gouyave (water depth is about 10 m) was made

adopting the result of wave deformation calculation at the point of Gouyave for invading wave

1-12



occurred in Atlantic Ocean and wave occurred in Caribbean Sea. Table 1-3(8) shows the
frequency table for annual, seasonal, monthly, wave direction and wave height classes and the
Table 1-3(9) shows frequency table for wave period classes. According to these, the wave
from NNW is dominant through the year and it occupics over 80% of the total. The
occurrence of wave from NNW is high in winter and it is over 90% of the total. While in
autumn, the occurrence ratio of wave from WSW becomes about 20%.

The occurrence ratio of wave height exceeding 1 m is about 4 % in winter but in

other seasons it becomes less than 1 %. The wave height from WSW becomes less than 0.5 m.
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Frequency table in wave direction and wave height class (offshore wave at

Table 1-3(6)-1

east coast of Grenada, all year, during 2002 to 2006)
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Table 1-3(6)-2 Frequency table in wave height and period class (offshore wave at east

coast of Grenada, all year, during 2002 to 2006)
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Table 1-3(7)-1 Frequency table in wave direction and wave height class (offshore wave

at Caribbean Sea of Grenada, all year, during 2002 to 2006)
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Table 1-3(7)-2 Frequency table in wave height and period class (offshore wave at

Caribbean Sea, all year, during 2002 to 20006)
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Table 1-3(8)-1 Frequency table in wave direction and wave height at the point of Gouyave

(all year, season)

Season Wave WEW W WNW NW NNW Total

direction

Wave
height{m)

All year 0.00-0.25 1.8 0.0 0.1 0.4 1.0 3.3
0.25-0.50 7.5 0.0 0.4 1.7 21.0 30.7
0.50-0.75 0.1 0.0 0.3 0.8 53.6 54.8
0.75-1.00 0.0 0.0 0.0 0.1 9.4 9.5
1.00-1.25 0.0 0.0 0.0 0.0 1.2 1.2
1.95-1.50 0.0 0.0 0.0 0.0 0.4 0.4
1.50-1.75 0.0 0.0 0.0 0.0 0.1 0.1
1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0
Total 9.4 0.0 0.8 3.1 88.7 | 100.0
High 0.00-0.25 1.3 0 0.1 0.4 0.6 2.5
season 0.25-0.50 6.4 0 0.5 1.9 17.8 26.2
(Oct to 0.50-0.75 0 0 0.4 1| 565 58
Jun) 0.75-1.00 0 0 0 0.1 11 11.1
1.00-1.25 0 0 0 0 1.5 1.6
1.95-1.50 0 0 0 0.1 0.5 0.6
1.50-1.75 0 0 0 0 0.1 0.1
1.75-2.00 0 0 0 0 0 0
Total 7.8 0 1 3.6 87.6 100
Low 0.00-0.25 3.1 0 0 0.5 2.4 8
season 0.25-0.50 10.8 0 0 1.1 32 48.9
(Jul to 0.560-0.76 0.2 0 0 0.2 449 | 453
Sep) 0.75-1.00 0 0 0 0 1.8 1.8
1.00-1.25 0 0 0 0 0 0
1.95-1.50 0 0 0 0 0 0
1.50-1.75 0 0 0 0 0 0
1.75-2.00 0 0 0 0 0 0
Total 14.1 0 0.1 1.7 84.1 100
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Table 1-3(8)-2 Frequency table in wave direction and wave height at the point of Gouyave
(monthly, during Jan. to Jun.)

Month Wave WEW W WNW NW NNW Total
irection
Wave height

1 0.00-0.25 0.2 0.0 0.0 0.0 0.4 0.6
0.25-0.50 0.8 0.0 0.0 1.7 9.4 11.9

0.50-0.75 0.0 0.0 0.0 1.5 bb.6 57.1

0.75-1.00 0.0 0.0 0.0 0.2 21.8 22.0

1.00-1.25 0.0 0.0 0.0 0.5 5.8 6.1

1.25-1.50 0.0 0.0 0.0 0.0 1.9 1.9

1.50-1.75 0.0 0.0 0.0 0.0 0.6 0.6

1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0

Total 1.0 0.0 0.0 3.6 95.4 100.0

2 0.00-0.25 0.9 0.0 0.0 1.2 0.1 2.2
0.25-0.50 0.2 0.0 0.0 5.2 10.6 16.0

0.50-0.75 0.0 0.0 0.0 3.9 53.3 57.1

0.75-1.00 0.0 0.0 0.0 0.2 20.5 20.5

1.00-1.25 0.0 0.0 0.0 0.0 3.0 3.0

1.25-1.50 0.0 0.0 0.0 0.0 1.1 1.1

1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0

1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0

Total 1.1 0.0 0.0 10.5 88.4 100.0

3 0.00-0.25 0.1 0.0 0.0 0.5 0.6 1.1
0.25-0.50 1.9 0.0 0.0 1.2 14.5 17.6

0.50-0.75 0.0 0.0 0.0 0.1 69.2 69.4

0.75-1.00 0.0 0.0 0.0 0.0 9.7 9.7

1.00-1.25 0.0 0.0 0.0 0.0 1.6 1.6

1.25-1.50 0.0 0.0 0.0 0.0 0.6 0.6

1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0

1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0

Total 1.9 0.0 0.0 1.9 96.2 100.0

4 0.00-0.25 0.6 0.0 0.0 0.5 0.6 1.4
0.25-0.50 10.4 0.0 0.0 0.1 21.1 31.6

0.50-0.75 0.1 0.0 0.0 0.5 61.8 62.2

0.75-1.00 0.0 0.0 0.0 0.4 3.8 4.3

1.00-1.25 0.0 0.0 0.0 0.0 0.5 0.5

1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0

1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0

1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0

Total 11.1 0.0 0.0 1.1 87.8 100.0

5 0.00-0.25 0.7 0.0 0.5 0.5 0.1 1.6
0.25-0.50 10.3 0.0 1.4 1.0 13.0 25.6

0.50-0.75 0.0 0.0 0.0 0.2 58.0 58.2

0.75-1.00 0.0 0.0 0.0 0.0 14.1 14.1

1.00-1.25 0.0 0.0 0.0 0.0 0.5 0.5

1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0

1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0

1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0

Total 11.0 0.0 1.9 1.5 85.7 100.0

0.00-0.25 0.0 0.0 0.0 0.0 0.3 0.3

& 0.25-0.50 6.8 0.0 0.0 0.0 11.0 17.8
0.50-0.75 0.0 0.0 0.0 0.0 74.9 74.9

0.75-1.00 0.0 0.0 0.0 0.0 7.0 7.0

1.00-1.25 0.0 0.0 0.0 0.0 0.0 0.0

1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0

1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0

1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0

Total 6.8 0.0 0.0 0.0 93.2 100.0
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Table 1-3(8)-3 Frequency table in wave direction and wave height at the point of Gouyave
(monthly, during Jul. to Dec.)

Month Wave WEW W WNW NW NNW Total
irection
Wave
height (m)

7 0.00-0.25 0.3 0.0 0.0 0.0 0.2 0.6
0.25-0.50 6.0 0.0 0.0 0.0 17.7 23.6

0.50-0.75 0.2 0.0 0.0 0.0 63.2 63.4

0.75-1.00 0.0 0.0 0.0 0.0 12.4 12.4

1.00-1.25 0.0 0.0 0.0 0.0 0.0 0.0

1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0

1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0

1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0

Total 6.6 0.0 0.0 0.0 93.4 100.0

8 0.00-0.25 1.4 0.0 0.0 0.2 2.9 4.5
0.25-0.50 6.7 0.0 0.0 0.5 58.9 46.0

0.50-0.75 0.0 0.0 0.0 0.0 48.2 48.2

0.75-1.00 0.0 0.0 0.0 0.0 1.5 1.3

1.00-1.25 0.0 0.0 0.0 0.0 0.0 0.0

1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0

1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0

1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0

Total 8.1 0.0 0.0 0.7 91.5 100.0

9 0.00-0.25 7.6 0.1 0.0 1.2 4.9 13.1
0.25-0.50 20.1 0.0 0.0 2.9 59.8 62.8

0.50-0.75 0.3 0.0 0.1 0.5 22.5 23.5

0.75-1.00 0.0 0.0 0.0 0.0 0.6 0.6

1.00-1.25 0.0 0.0 0.0 0.0 0.0 0.0

1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0

1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0

1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0

Total 28.0 0.1 0.2 4.6 67.1 100.0

10 0.00-0.25 6.4 0.0 0.7 1.5 2.9 10.8
0.25-0.50 18.2 0.0 2.4 2.1 57.6 60.5

0.50-0.75 0.0 0.0 1.7 0.1 2561 26.9

0.75-1.00 0.0 0.0 0.0 0.0 2.0 2.0

1.00-1.25 0.0 0.0 0.0 0.0 0.0 0.0

1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0

1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0

1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0

Total 24.6 0.0 4.8 3.7 66.9 100.0

11 0.00-0.25 2.8 0.0 0.1 0.2 0.6 3.1
0.25-0.50 8.0 0.0 0.7 4.9 25.1 38.7

0.50-0.75 0.3 0.0 0.1 2.8 5A.7 55.3

0.75-1.00 0.0 0.0 0.0 0.0 2.9 2.9

1.00-1.25 0.0 0.0 0.0 0.0 0.0 0.0

1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0

1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0

1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0

Total 10.6 0.0 0.8 7.3 81.2 100.0

12 0.00-0.25 0.6 0.0 0.0 0.1 0.3 0.9
0.25-0.50 0.8 0.0 0.2 1.3 13.8 15.6

0.50-0.75 0.0 0.0 1.3 1.3 58.4 61.0

0.75-1.00 0.0 0.0 0.0 0.1 17.7 17.8

1.00-1.25 0.0 0.0 0.0 0.1 2.5 2.6

1.25-1.50 0.0 0.0 0.0 0.5 1.2 1.7

1.50-1.75 0.0 0.0 0.0 0.1 0.3 0.3

1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0

Total 1.4 0.0 1.6 3.8 93.7 100.0
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Table 1-3(9)-1 Frequency table in wave height period class at the point of Gouyave

(all year, season)

Season eriod(s) 4-5 5-6 6-7 7-8 8-9 9-10 10- Total
All year 0.00-0.25 0.6 1.2 0.8 0.3 0.3 0.2 0 3.3
0.25-0.50 17.4 11 1.7 0.5 0.1 0 0 30.7

0.50-0.75 12.9 38.8 2.8 0.2 0.1 0 0 54.8

0.75-1.00 0 6.5 2.9 0.1 0 0 0 9.5

1.00-1.25 0 0.2 1 0 0 0 0 1.2

1.95-1.50 0 0 0.2 0.2 0 0 0 0.4

1.50-1.75 0 0 0 0 0 0 0 0.1

1.75-2.00 0 0 0 0 0 0 0 0

Total 30.9 57.6 9.5 1.3 0.5 0.2 0.1 100

High 0.00-0.25 0.4 0.8 0.5 0.3 0.2 0.2 0 2.5
Season 0.25-0.50 13.7 10 1.7 0.6 0.1 0.1 0 26.2
(Oct.~ 0.50-0.75 12.6 42.3 2.7 0.2 0.1 0 0 58
Jun.) 0.75-1.00 0 7.6 3.4 0.1 0 0 0 11.1
1.00-1.25 0 0.3 1.3 0.1 0 0 0 1.6

1.95-1.50 0 0 0.2 0.3 0 0 0 0.6

1.50-1.75 0 0 0.1 0 0 0 0 0.1

1.75-2.00 0 0 0 0 0 0 0 0

Total 26.8 81 9.9 1.5 0.5 0.2 0.1 100

Low 0.00-0.25 1.2 2.2 1.6 0.3 0.5 0.1 0 8
Season 0.25-0.50 28.1 13.9 1.6 0.2 0.1 0 0 48.9
(Jul. ~ 0.50-0.75 13.9 28.3 2.9 0.1 0 0 0 45.8
Sep.) 0.75-1.00 0 3.4 1.4 0 0 0 0 4.8
1.00-1.25 0 0 0 0 0 0 0 0

1.95-1.50 0 0 0 0 0 0 0 0

1.50-1.75 0 0 0 0 0 0 0 0

1.75-2.00 0 0 0 0 0 0 0 0

Total 43.2 47.8 7.6 0.7 0.6 0.1 0 100
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Table 1-3(9)-2 Frequency table in wave height period class at the point of Gouyave

(monthly, during Jan. to June)

Month Period(s) 4-5 5-6 6-7 7-8 8-9 9-10 10- Total
Wave
height {(m)

1 0.00-0.25 0.0 0.3 0.1 0.0 0.2 0.0 0.0 0.6
0.25-0.50 5.7 5.2 0.9 0.0 0.0 0.0 0.0 11.9
0.50-0.75 13.1 39.7 4.2 0.1 0.0 0.0 0.0 57.1
0.75-1.00 0.2 11.7 9.6 0.4 0.0 0.0 0.0 22.0
1.00-1.25 0.0 0.5 5.5 0.3 0.0 0.0 0.0 6.1
1.25-1.50 0.0 0.0 0.2 1.6 0.0 0.0 0.0 1.9
1.50-1.75 0.0 0.0 0.2 0.3 0.0 0.0 0.0 0.6
1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 19.0 57.4 20.6 2.8 0.2 0.0 0.0 100.0

2 0.00-0.25 0.0 0.3 0.8 0.6 0.5 0.0 0.0 2.2
0.25-0.50 6.6 6.7 2.6 0.1 0.0 0.0 0.0 16.0
0.50-0.75 10.0 42,3 4.8 0.0 0.0 0.0 0.0 57.1
0.75-1.00 0.1 13.4 7.0 0.0 0.0 0.0 0.0 20.5
1.00-1.25 0.0 0.4 2.6 0.0 0.0 0.0 0.0 3.0
1.25-1.50 0.0 0.0 1.1 0.0 0.0 0.0 0.0 1.1
1.560-1.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 16.8 63.2 18.9 0.7 0.b 0.0 0.0 100.0

3 0.00-0.25 0.4 0.1 0.2 0.1 0.3 0.1 0.0 1.1
0.25-0.50 10.9 5.2 0.5 0.9 0.0 0.0 0.0 17.6
0.50-0.75 19.6 47.9 1.9 0.0 0.0 0.0 0.0 69.4
0.75-1.00 0.0 6.7 2.9 0.1 0.0 0.0 0.0 9.7
1.00-1.25 0.0 0.1 1.6 0.0 0.0 0.0 0.0 1.6
1.25-1.50 0.0 0.0 0.4 0.2 0.0 0.0 0.0 0.6
1.560-1.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 30.9 59.9 7.5 1.5 0.3 0.1 0.0 100.0

4 0.00-0.25 0.1 0.9 0.2 0.2 0.0 0.0 0.0 1.4
0.25-0.50 17.6 13.7 0.3 0.0 0.0 0.0 0.0 31.6
0.50-0.75 19.8 41.0 1.5 0.1 0.0 0.0 0.0 62.2
0.75-1.00 0.0 3.8 0.4 0.0 0.0 0.0 0.0 4.5
1.00-1.25 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.5
1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 37.6 59.9 2.2 0.3 0.0 0.0 0.0 100.0

5 0.00-0.25 0.1 0.8 0.5 0.2 0.0 0.0 0.0 1.6
0.25-0.50 14.0 8.5 2.7 0.3 0.0 0.0 0.0 25.6
0.50-0.75 10.0 46.7 1.4 0.0 0.0 0.0 0.0 58.2
0.75-1.00 0.0 10.7 3.4 0.0 0.0 0.0 0.0 14.1
1.00-1.25 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.5
1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total | 24.1 66.8 8.5 0.6 0.0 0.0 0.0 100.0
0.00-0.25 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.3

] 0.25-0.50 9.9 7.8 0.1 0.0 0.0 0.0 0.0 17.8
0.50-0.75 10.0 63.0 1.9 0.0 0.0 0.0 0.0 74.9
0.75-1.00 0.0 5.4 1.5 0.0 0.0 0.0 0.0 7.0
1.00-1.25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 19.9 76.6 3.5 0.0 0.0 0.0 0.0 100.0
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Table 1-3(9)-3 Frequency table in wave height period class at the point of Gouyave

(monthly, during July to Dec.)

Month Period 4-5 5-6 6-7 7-8 8-9 9-10 10- Total
(=)
Wave
height {(m
7 0.00-0.25 0.0 0.2 0.3 0.0 0.0 0.0 0.0 0.6
0.25-0.50 12.0 10.0 1.3 0.3 0.0 0.0 0.0 23.6
0.50-0.75 11.2 46.5 5.8 0.0 0.0 0.0 0.0 63.4
0.75-1.00 0.0 8.5 3.9 0.0 0.0 0.0 0.0 12.4
1.00-1.25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total | 25.2 65.2 11.3 0.3 0.0 0.0 0.0 100.0
8 0.00-0.25 0.6 2.6 0.6 0.6 0.0 0.0 0.0 4.5
0.25-0.50 | 29.4 15.2 1.5 0.0 0.0 0.0 0.0 46.0
0.50-0.75 19.4 27.0 1.7 0.0 0.0 0.0 0.0 48.2
0.75-1.00 0.0 1.2 0.1 0.0 0.0 0.0 0.0 1.5
1.00-1.25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total | 49.4 46.0 3.9 0.6 0.0 0.0 0.0 100.0
9 0.00-0.25 2.9 3.8 4.0 0.4 1.5 0.3 0.1 13.1
0.25-0.50 | 43.4 16.7 2.1 0.2 0.3 0.1 0.0 62.8
0.50-0.75 11.1 10.8 1.5 0.4 0.0 0.0 0.0 23.5
0.75-1.00 0.0 0.3 0.1 0.1 0.0 0.0 0.0 0.6
1.00-1.25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 57.5 31.6 7.5 1.1 1.8 0.4 0.1 100.0
10 0.00-0.25 3.0 3.3 2.1 0.5 0.6 1.1 0.2 10.8
0.25-0.50 38.6 18.5 1.5 1.5 0.6 0.0 0.0 60.5
0.50-0.75 11.5 12.5 1.7 1.0 0.2 0.0 0.0 26.9
0.75-1.00 0.0 1.5 0.7 0.0 0.0 0.0 0.0 2.0
1.00-1.25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 531 36.4 6.0 2.7 1.5 1.1 0.2 100.0
11 0.00-0.25 0.0 1.1 0.5 0.7 0.2 0.3 0.2 3.1
0.25-0.50 14.1 16.1 5.6 2.0 0.4 0.4 0.1 58.7
0.50-0.75 10.7 40.5 3.9 0.1 0.0 0.0 0.0 55.3
0.75-1.00 0.0 2.9 0.0 0.0 0.0 0.0 0.0 2.9
1.00-1.25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.25-1.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.50-1.75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 4.8 60.6 10.1 2.8 0.6 0.6 0.3 100.0
12 0.00-0.25 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.9
0.25-0.50 5.4 8.2 1.3 0.4 0.2 0.1 0.0 15.6
0.50-0.75 8.7 47.6 3.4 0.1 0.8 0.2 0.2 61.0
0.75-1.00 0.0 12.5 5.2 0.1 0.0 0.0 0.0 17.8
1.00-1.25 0.0 0.8 1.6 0.2 0.0 0.0 0.0 2.6
1.25-1.50 0.0 0.3 0.4 1.0 0.0 0.0 0.0 1.7
1.50-1.75 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.3
1.75-2.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 14.2 69.6 12.5 1.9 1.1 0.4 0.5 100.0
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In this study, wave recorder was installed at offshore of this site (at the point of
about 9.5m water depth and about 200m off from the land ) and the waves have been observed
for about 19 days (from August 22, 2008 to September 10, 2008). From the survey result, the
change over time of waves and the current are shown at Figure 1-3(6). Maximum value (wave
height: 0.84m, period: 9.4 seconds, wave direction: WNW) of significant wave was observed
on September 5. The period is distributed at 5 to 8 seconds and the wave direction of NW~
NNW is dominant. And, in this survey, the observation of tide level and tidal current are

observed at the same time using this wave recorder.
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2) Anomalous Wave
(a) Offshore wave conditions

The waves affected by hurricane advancing westward in Atlantic Ocean reach to
Grenada sca area. The waves generated on Atlantic Ocean do not reach to the sea site directly
however, in case that a hurricane passes through northern part of Caribbean Sea, wind fetch to W
direction is generated in Caribbean Sea and tidal wave reaches by this influence. As the traveling
direction of hurricane and waves is different, although tidal wave is smaller than waves
gencrated on Atlantic Ocean. However, as the waves to West directly reach to project site, this
wave was considered to be the study subject. Hurricane “ LENNY™ (Hurricane No. 9912- front
two figures show year struck and latter two figures show hurricane generation order) who struck
in November, 1999 was a extremely rare one that went castward on Caribbean Sea. Since the
traveling direction of hurricane and waves was met each other, stronger tidal waves has reached
in comparison with the hurricane size and made serious damages on Caribbean Sea Coast, Lesser
Antilles. Here, the above into consideration, design hurricane was selected based on the
hurricane sizes, distance from project site, traveling route and so forth and the design wave has

been obtained by statistical analysis of the result.

Figure 1-3(7) shows the route map of hurricane passed through Grenada in recent 57
years (1951 to 2007) out of which considered to bring high waves to Grenada (hurricanes to

satisfy following three conditions).

(1) Nearest distance between project site and hurricane center is less than 500 km.
2 Maximum wind speed around hurricane exceeds 30 m/s.
(3 Maximum parameter(Kt) shows below exceeds 5.
K,=U%D
Where U: maximum wind speed of each hour(m/s)
D :Distance of hurricane center and project site of each hour (km) however minimum
distance is set as 50 km.

According to the standard of above Kt parameter, the biggest hurricane was “JANET”
No. 5510 struck in September, 1955 and the value of Kt parameter reached to 54. The second one
was “FLORA™ No. 6307 struck in October, 1963 and Kt parameter was 38.  Here, total 8
hurricanes who considered to bring high waves to project site including “LENNY” were selected
and shown at Figure 1-3(8). These were calculated with the conditions of offshore wave using
“One-Point Model™.

The wave forecasting and hind casting by hurricane being different from wave at
normal time, as the wind by hurricane can be calculated by the center barometric pressure, radius
of hurricane and traveling route, more accurate calculation is possible. As the result of
calculation, Table 1-3(10) shows the maximum wave sizes of each hurricane obtained from

traveling route and the time-sequence diagram using the calculation result. According to this,
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hurricane “JANET™ has 7.0m of wave height which was the most, 11.3 seconds of period and N
of wave direction.

This result was statistically analyzed and calculated wave height corresponding to
recurrence interval and obtained the sizes of offshore design wave. Table 1-3(11) shows the
result. Here, the wave corresponding to 30 years reoccurrence interval is set as design wave and
the design wave height is set as 5.0 m. Concerning period, 12 seconds which is the maximum
value obtained from calculation result was set. Wave direction 1s set as N~W~SSW since
incident wave direction is widely distributed obtained from calculation result.

Table 1-3(12) shows specification of design wave to be used for the design of structures.

Table 1-3(10) Result of wave forecasting and hind casting (Maximum wave)

Hurricane Size of offshore waves
Name No. Year Month | Day Wave height | Period (T) s | Wave
{Ho) m direction

JANET 5510 1955 9 23 7.00 11.31 N

DOG 5104 1951 9 2 5.36 9.34 WNW
LENNY 9912 1999 11 18 4.81 11.54 NW

IVAN 0409 2004 9 7 4.21 10.31 N
ALLEN 0505 1980 8 4 3.77 8.35 WSW
DAVID 7904 1979 8 30 3.39 7.89 NNW
FLORA 6307 1963 10 1 3.24 10.06 SSW
EMILY 0505 2005 7 14 3.14 8.73 N

Table 1-3(11) Recurrence interval (effective statistical years: 57 years during 1951 to
2007)

Wave height with a return period
(m)
Recurrence Wave
interval (yr) height(m)
10 3.37
20 4.40
30 5.00
40 5.42
50 5.75
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Table 1-3(12) Sizes of design wave height (wave height with a return period of 30 years:

offshore condition)

Offshore wave size
Wave height(Ho) 5.0m
Period (T) 12s
Wave direction N~SSW
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3) Waves in front of structures
(a) Estimated offshore waves

Front waves to be used for structural design has been studied in detail executing
refraction calculation, shallow water or breaking calculation and wave deformation calculation
and etc. on reef when necessary. In refraction calculation, the method to solve energy balance

equation which is commonly used as wave deformation calculation by irregular wave was used.

The calculation is calculating its deformation according to the change of bottom
topography providing the design wave conditions which was previously described at offshore
boarder of the site area. And, wave height ratio, refraction coefficient and wave direction on each
grid point are out-put. Here, it was intended for wave direction NW which is considered to be the
biggest wave height judging from topographical conditions of the site. The water depth condition
was set based on the result of the site sounding survey. From the calculation result, the
dimensions of estimated offshore wave in front of structures are shown in Table 1-3(13). The
maximum value of estimated offshore wave height at the site is 4.75 m (in case of wave direction
WNW). And, the incident wave direction is N4O°W,

Table 1-3(13) Result of wave deformation calculation( estimated offshore wave at the site)

Offshore wave dimension Refraction Dimension of estimated offshore
coefficient wave (Project site)
Wave height (Ho) 5.0m Incident wave 4.75m
0.95 height(Ho”)
Period (T) 12 Period 12
Wave direction NW Incident wave N40.5°W
direction

(b) Arrival wave

In estimated offshore waves calculated, the wave in front of structures was estimated
using shoaling or breaking deformation calculation. The installation water depth is studied in
case that the installation water depth of structures (average water depth: below MSL) is set as 4
-6 m. In the tide level, the water depth was studied with the assumption of high tide level +0.54m
1.e. above average water depth +0.27m plus water level rising 0.8m by hurricane or others. The
bottom slope was sct as 1/30 from the result of sounding survey.

The calculation conditions are as follows.

Estimated offshore wave height (Ho’) :4.75m
Period (T) 12 seconds
Offshore wave length (Lo) :225m

Installation water depth including tide level (h) :4~6m ( below MSL)
Tide level: The water depth d is 5.07-7.07m (refer to data B1 for water rising) = HWL
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+0.54m, above MSL+0.27m plus water rising volume
Bottom slope: 1/30 (estimated at water depth zone with about 1.5 — 2.5 times of estimated
offshore wave height based on the sounding survey)

In this condition, as the front area of structures is wave breaking zone, the arrival wave

height uses the wave height calculation view at breaker zone (significant wave height). The

result is as per Table 1-3(14).

Figure 1-3(9) Wave height calculation view at breaker zone

Table 1-3(14) Arrival wave height list

Water Estimated Ratio for
Water Depth Bottom Significant Water
Depth offshore Wave water
(tide level, Period slope wave rising
(MSL) wave steepness depth//wave
water rising) (inverse) height volume
height height
{m) him) Tis) Ho *(m) 1/slope Ho /Lo h/Ho* H1/3/Ho* eta/Ho’ H1/3(m) eta(m)
1 2.07 12 4.75 30 0.021 0.436 0.422 0.0498 2.005 0.471
1.5 2.57 12 4.75 30 0.021 0.541 0.500 0.040 2.37h 0.428
2 3.07 12 4.75 30 0.021 0.646 0.578 0.081 2,746 0.385
2.5 357 12 4.75 30 0.021 0.752 0.658 0.072 3.1186 0.342
3 4.07 12 4.75 30 0.021 0.857 0.734 0.083 3,486 0.299
3.5 4.57 12 4.75 30 0.021 0.962 0.812 0.0584 3.856 0.256
4 5.07 12 4.75 30 0.021 1.087 0.8490 0.045 4,227 0.213
4.5 B.BT 12 4.75 30 0.021 1.173 0.968 0.038 L 0.170
5 6.07 12 4.75 30 0.021 1.278 1.046 0.027 4,967 0.127
h.b B.57 12 4.75 30 0.021 1.383 1.124 0.018 5.337 0.084
B 7.07 12 4.75 30 0.021 1.488 1.202 0.008 5.708 0.041
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4) Tide level

The result of harmonic analysis from observed water level is as follows.

Water area: Front water face of jetty at Gouyave in Grenada
Latitude: North latitude 12°10' 15"
Longitude: West longitude 61°43" 45"

Observation period: Aug. 22, 2008 through Sep. 10, 2008

Tidal constituent Amplitude | Tide lag (degree)
(cm)

K1 Luni-solar diurnal tide 0.099 175.2
o1 Principal lunar diurnal tide 0.076 169.2
P1 Principal solar diurnal tide 0.033 175.2
Q1 Principal lunar elliptic tide 0.009 186.6
M2 Principal lunar semi-diurnal tide 0.045 52.9
52 Principal solar semi-diurnal tide 0.010 344.3
K2 Luni-solar semi-diurnal tide 0.003 3443
N2 Principal lunar elliptic tide 0.015 6.5
M4 Principal lunar 1/4 diurnal tide 0.002 34.2
MS4 | M2+52 composite tide 0.004 104.4

Adding 4 main tidal constituent, it becomes 0.23m. And, the amplitude of
semi-diurnal tide is smaller than diurnal tide at the project site. Thus, the tide level in the

project water area will be as follows.

* Nearly Highest High Water Level (NHHWL) +0.840 m
* Mean High Water Spring (MHWS) +0.665 m
* Mean High Water Neap (MHWN) +0.645m
+ Mean Sea Level (MSL) +0.610 m
* Mean Low Water Neap (MLWN) +0.575m
* Mean Low Water Spring (MLWS) +0.555m
+ Chart Datum Line (CDL) + 0.000 m

5) Tidal current

Current status at the site has been observed using the data obtained from the current
meter equipped with a wave gauge. Figure 1-3(10) shows the time variation of current speed,
current direction and current vector. According to this, the maximum current speed is about 30
cm/sec. The current is directed to NE and SW. However, the relationship between the tide level

change and the tidal current change is unclear.
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Current ellipse from current observation value is shown in Figure 1-3(10). The
maximum current speed is about 8 cm/sec. While, current observation was executed using a
float at the spring tide during study period. The float location at certain hour (about 5
minutes) is measurcd by GPS. Figure 1-3(11) shows the float movement. The average
current speed was about 8 cm/sec. There observed mostly the current directed to SW from
NE. And, other than this, current observation has been done near seashore using the float
and found the current near coast line was mostly directed to south west direction (left hand
side to offshore).

- . MeAUring eriod
Gouyave Grenada “23th Aug. - 7h Sep. 2008
Lower layer) {unit : cm/s)
bl |
Average ]
| Sprig Tide By
& b <2l
[
", i Maximum
Sprig :
Tide i
5 L
%
o
"0" means the L when "0":  heigh tide time at Gouyave
vertual astronimical object
pass the Meridian

Figure 1-3(10) Current Ellipse from current observation value
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0 100 m
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Figure 1-3(11) Observation result of current following float
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(3) Sounding Survey and Topographic Survey

Sounding survey and topographic survey was carried out at around Gouyave point. The
sounding survey covering the area of 2000m>1000m was carried out during August 21, 2008
through August 22., 2008. While, the topographic survey was carried out during August 21
through August 26, 2008 with the area of 300m>300m. The topographic survey of Grand Etang
district (with the area of 10m x 10m) where is planned to construct a radio facility was carried
out on September 11, 2008. All of the survey results are shown in Figure 1-3(12)-1, Figure
1-3(12)-2 and Figure 1-3(12)-3.
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Figure 1-3(12)-1 Result of sounding survey and topographic survey
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(<) Sediment Survey

Bottom sampling was taken out from total 42 points (as shown in Figure 1-3(13) in
front of the facilities construction site and the laboratory test was done. The median grain size
(D50) and the gravity according to the test result are shown in Table 1-3(13).

According to this, the sediment is mainly composed of sand and the median grain size
is about 0.1 to 1.00 mm at land (water depth +1m or O m) but it is a little bit smaller around 0.1
mm at deeper water. However, the grain size at the point of -1 m water depth in traverse lines
L-1, L-3, L.-4 and at the point of — 7m water depth in traverse line L-2 is about 40 mm. And,
remarkable trend of the grain size change among traverse lines is not confirmed. As the gravity

of sediment is about 2.5 to 3.1 as a whole, the average is about 2.7.

Table 1-3(15) Sediment survey result

Survey point 1 2 3 4 5 6 7 8 9
depthgm) | +1.0 0.0 -1.0 2.0 -3.0 4.0 -5.0 -6.0 -7.0
Transverse line
L-1 0.286 0.402 40.45 0.157 | 0.132 0.107 | 0.121 0.077 0.064
(2.803) (2.458) (2.711)
1-2 0.245 0.268 10.319 | 0.101 0.113 0.100 | 0.192 0.07*%1 | 0.021
(2.901) (2.772) (2.682)
1.-3 0.318 1.282 0.221 0.098 0.089 0.014 | 0.039 0.087 43,258
(2.692) (2.626) (2.668)
L-4 - #2 - #2 43258 | 0.229 | 0.109 0.086 | 0.086 0.096 0.033
(2.612) (2.668)
BEX #3 0.139 0.224
S-1 0.212
(W.depth -3.6m) (2.668)
S-4 0.195
(W. depth -2.4m) (2.741)
S-5 0.194
(W. depth -2.4m) (2.756)
S-7 12.51
(W.depth -1.0m)

Upper figure in the above table means sediment grain size (unit: mm) and lower figure means
the gravity.
*1 shows D60 value ( ratio passed through mesh of 0.074 mm is 60.5% and D50 cannot be
determined)
*2  As the grain size is rough, the median grain size cannot be measured.

*3 Additional survey points
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Figure 1-3(13) Sediment sampling location map
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Figure 1-3(14) Distribution chart of average sediment grain size
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(5) Soil Investigation

The summary of standard penctration test result obtained from boring investigation
result and the soil conditions around facilities construction site is shown below.

Boring investigations were carried out at 4 places (BH1: head of jetty, BH2: in front of
the existing fisheries center, BH3: around slipway area, BH4: Antenna construction site) in
facilities construction sites and BH5 and BH6 where are west side of the existing jetty. Boring
location maps are shown in Figure 1-3(15)-1 to Figure 1-3(15)-3.  And, Figure 1-3(16)-1 to
Figure 1-3(16)-6 show boring logs in each point.

The head part of jetty (BH1) is composed of sand with gravel and the N value is about
20 from ground to around — 3m and more than 100 at deeper than — 4m.

Two places in front of the existing fisheries center were investigated and N values
shows more than 40 at 1 m shallower points from ground and 100 for deeper points with all
sand with gravels.

3 places (BH3) to be slipway were investigated and show very dense gravels than land
surface and N value is more than 100.

With the survey results around the existing jetty (BH2) and slipway (BH3), the water
contents of these points are all about 20% and the gravity are about 2.2 to 2.8. And, the median
grain size is distributed from 0.2 mm to 20 mm and the maximum grain size is about 40 mm.

The land (BH4) for antenna construction is composed of silty gravel sand from ground
level to around 6m and N value is below 10. There still silty gravel sand for deeper than 6m but
N value becomes gradually bigger and shows more than 50 at -15m or deeper. The water
content is about 40 to 60% and the gravity is about 2.2 to 2.8. The median grain size is about
0.25 mm and the maximum is about 40 mm.

While, with the result of soil investigation at the two places (BHS, BH6) to be the new
jetty, the N value is more than 50 at — 6m or deeper from sea bottom and the maximum is more
than 100 where have hard soil conditions. The water content is about 20 to 30% and the gravity
is about 2.7 to 2.9. And, concerning the median grain size, while it is 0.2 to 0.3 mm at BHS
where is at the jetty head, BH6 where is comparatively shallow is distributed around 0.2 to 30

mm. The maximum grain size is about 10 mm in BHS and about 40 mm in BH6.
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Figure 1-3(15)-3 Boring location map (Point to be Antenna facility, BH.4)
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Figure 1-3(16)-5 BH.S Borehole log Figure 1-3(16)-6 BH.6 Borehole log
New jetty head New jetty center

And, Figure 1-3(17) shows the boring log of the soil investigation carried out in 1989
in addition to the result of this Preparatory Survey. With this result, the summary of soil
conditions of planned site for the new jetty construction is as follows.

On the whole, the area from 5 to 8 m from sea bottom is sandy gravel and the N value
is more than 20. There is a tendency that N value is getting bigger with increase in depth
although it is vary slightly and the deeper area than this sand layer is the firm sandy ground with
N value more than 100.

With above, the soil conditions to be used for the design of marine facilities are set as
follows. The soil conditions of object point is changed not with the water depth but with the
depth from the sea bottom and the N value is about 20 to 40 at the upper layer with about 3m
layer thickness and N value is about 40 to 60 at the lower layer with the thickness of 2.5m soil
also by sand with gravel. The deeper area from this is set more than 100 as N value which is

firm sand soil.
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(6) Analysis of Construction Materials

The aggregate for main material of concrete and stone materials for foundation work
of structure in Grenada are collected at the following two quarries.
Telescope Quarry
Mt. Hartman Quarry
Three specific samples (sand, gravel and cobble) were retrieved and analyzed from
cach quarry. With the analysis, the gravity of sand in two quarries were about 2.8~-3.0t/m’.
The distribution of sand grain size of each quarry is shown in Figure 1-3(18) and a list

of material test result 1s shown in Table 1-3(16).
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Figure 1-3(18)  Gradation curves of sand grain size
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Table 1-3(16) List of material test result

Table 4.1 Sieve Analyses Results
Percentage
14] Source Description
Gravel | Sand silt Clay | EuclNe.
Bulk 1 Mt Hartman 3/ 8m & finer 33 B24 144 1
Bulk 2 Telescope 3/ 8in & fimer 0.6 937 37 7
Table 4.2 Direct Shear Test
1D Source Description Friction Angle (+} Enel. No.
Bulk 1 Mt Hartman 3/ 8in & finer 420 2
Bulk 2 Telescope 3/ 8in & finer 430 8
Table 4.3 Specific Gravity of Fine Aggregate
D Sour Ave 5.0
e e EncL No.
Bulk 1 Mt. Hartman 2,886 3
Bulk 2 Telescope 2874 9
Table 4.4 Specific Gravity of Coarse Assregate
m Source Absorption Ave 5.G. Encl. No.
Bulk 1 Mt Hartman 1.632 2847 4
Bulk 1 Wi Hartman 1.739 2953 5
Bulk 2 Telescope 1.899 2876 10
Bulk 2 Telescope 1.377 2880 11
Table 4.5 Laosg Ahaﬂlé'i Abrasion Test Results
i Source Percentnge Wear Encl. Xo.
Bulk 1 Mt Hartrnan 12.0 &
Bulk 2 Telescope 184 12
Tahle 4.6 Density Test Results
ID Source Average Loose Density Encl. No.
(1/m*)
Bulk 1 Wt Hartoan {3/4") 16.62 13
Bulk 1 Mt Hartman (3/3" and finer) 16.19 13
Bulk 2 Telescope (3/4™) 17.00 14
Bulk 2 Telescope (3/8" and finer) 15.94 14

L/) yvawer quality survey
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Table 2-2-2(17) shows the result of water quality survey (sampling location plan is
shown in Figure 1-3(19)). From the result, the following can be confirmed for the drinking
water and sea water.

Sea water has contained high Dis Oxygen and the number of Coliform. This is
assumed from the domestic waste water (domestic waste water, enteruria  and etc.) However,
analysis value of extract agent of n-Hexane is small and it is expected that contamination is not
proceeded by oil and greasc leakages from ships or boats.

Table 1-3(17) Water quality analysis result

Analyzed item W01 w02 W03

Sampling date 8727 8727 8727 8127 8127 8127
Sampling time 9:20 11:28 9:20 11:40 9:52 11:55
Dissolved Oxygen

184.1 196.3 187.2 187.3 1753 183.6
{% saturation)
Suspended Solids (S8) (mg/1) 120 126 125 124 124 127
Coliform count (Cfu/100ml) 0 5 6 8 0 0
Extract agent of n-Hexane

4.89 <1.6 <1.5 1.79 <1.6 1.8
(mg/1)
Chemical Oxygen Demand(mg/1) 110 86 89 80 105 93
Salinity (ppm) 35.2 35.3 35.2 35.4 35.3 35.6
Ph 8.17 8.165 8.17 8.17 8.17 8.17

Figure 1-3(19) Water sampling location plan

1-48




(8) Feature of littoral drift around Gouyave coast

The feature of littoral drift was studied around the Gouyave coast with the site
reconnaissance. Estimating average wave direction being incident to this district judging from
the beach status existed in each district of north western of Grenada Island and also from the
conditions of neighboring topography and water lines, the dominant direction of long shore

sediment transport, the sand supply source of littoral drift and etc. were estimated.

1) Estimation of average wave direction being incident to north western coast of Grenada
Based on the aerial photo and topographic chart, the points where sand beaches are
there in north western of Grenada were picked out. As the result of actual site reconnaissance, it
was confirmed that the small size sand beaches do exist at the point marked red in the Photo
1-3(1). The small size sand beach with the length of a few hundred meters to 2,000 meters is
called as pocket beach and there is no specific sand supply source but there is the feature of very
stable sand beach keeping right angle against incident wave direction which shoreline direction

is predominant.

Gouyave

No.2 &

Mo, ®

Photo 1-3(1) Satellite photo of north western coast of Grenada Island (location of pocket

beaches )
While, the dotted line in Photo 1-3(2) shows shoreline direction of the existing sand

beach on the aerial photo. It is understood that the shore lines of 6 sand beaches (pocket beach)

are nearly parallel each other with these photos.
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Right angle direction (An arrow direction shown in Photo No.3 : around N 30 degree
W) to these shoreline directions can be estimated as average wave direction of incident waves

around neighboring coast.

Photo 1-3(2) Shoreline direction of pocket beach

2) Predominant direction of littoral drift in north west of Grenada coast

The average wave direction reaching to west coast of Grenada main island is the
direction shown in Photo 1-3(3) with a yellow arrow. And, as the angle with general direction of
shoreline and incident wave direction is not the right angle but about 45 degree, the littoral
transport directed to go southward (red color arrow shown in Photo 1-3 (3) ) has been generated.
That is, in north western coast, littoral drift to go southward is predominant as a whole, however
it is estimated that small scale sand beaches (pocket beach) are formed by trapping sand at the
places where the direction of shorelines become right angle against the direction of incident

wavces.
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- Wave Direction

Gouyave, < #

e

Grand Anse Beach

Photo 1-3(3) Awerage wave direction and predominant direction of long shore sediment

transport in north west coast of Grenada Island

3) Sand supply source to north west coast
Photo 1-3(4) shows the location of littoral drift sources in North West coast (or

possible locations of the sources). Each is explained below.

(Rivers R1to R5)

Grenada Island is small is island having the area of about 310 km®. Therefore, as the
scales of either river length or contributory area are small, sand supply from the rivers are not
necessarily big. Up to 3 largest rivers in its contributory arca is defined as R5 >R4 >R3.

However, all the river contributory area are small as it is shown with the scale of 1 km x 1 km.

(CIiff Slide)

There are two places where massive landslides were lead in the past. The land slide
was confirmed to compare aerial photos taken in 1951 and 1992 at the point of LS1.  And, the
land slide was supposed to lead even after 1992 since the coastal road in this arca has widely
subsided and unpaved and it is the situation that vehicles except 4WD cars have to get around.
The road at the point of LS2 is constructed along with coast and it is protected by rubble mound
scawall. There formally was asphalt paving old road in above the level but the road shoulder
was collapsed. It will be the supply source of littoral drift to coast if cliff slide is lead in coast. In
case of cliff slide, the supply volume for littoral drift is not constant each year but it is supplied

considerable volume once in a few years or decades.
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Tk X1 km

River

Land Sliding

Photo 1-3(4) Supply source of littoral drift in north west coast

(Rocks lying down at sea bottom)

There described small circles with grey color line at the point of A through F in the
topographic chart of 1/25,000 and they are marked down as “Rock™. It was confirmed when
visited the site that rocks with the diameter of about 3 to 5 m are lying down in the area of about
3 m water depth and about 50 m offshore from the cliff. (Refer to Photo 1-3(5)).

It is considered that several cliff slides were lead in the past where rolling rocks exist
(A to F). Slide mud and sand when cliff slide was lead once is piled up at front water area ,
thereafter the fine component like sand is transferred to south direction receiving wave actions.
And, big grain diameter stone like cobble stone is gradually transferred to south direction by
high wave sometimes generated at the storm. It is appropriate to consider that only big rocks

were remained there as the result.
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Photo 1-3(5) Bottom situation of front water of north side coast (about 250m north from

jetty)

(Crumbling Sea CIiff)

Judging from the exposed part (Photo 1-3(6)) of cliff shown with the green line in the
Photo 1-3(4), it is estimated that the ground composing around these coast has been formed
by .elevated sand and gravel stones including various sizes of rounded stones without squares in
the sand. It looks structurally weak and it may be gradually eroded by weather. There is no sand
existed in the foot of cliff although there laid down cobble stones and some big rocks. The sand
falling down from cliff could be transported earlier by wave being incident at an angle. The
sand supplied by cliff like this, is small in volume but it is continued consistently without
stopping.

With that, collapse or corrosion of rivers and cliffs are considered to be the sources of
littoral drift. Just suppose that there is the feature to continue forever without stopping although
the volume is small. There is a possibility to supply mud and sand in large quantity temporarily

by large scale cliff slide although it is less often.
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Photo 1-3(6) Coastal situation around Gouyave (Point at about 300m north from jetty)
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1-4 Environmental and Social Considerations

1-4-1 Environmental Survey
(1) Biological Survey

Visual biotic survey was conducted around project water area. And, the interview to
the officer for environment in Fisheries Division was conducted about local environment

conditions. The survey results are as follows.

(D Terrestrial biota

Vegetation is not so many around project area since there are many houses in Gouyave
district. As residential houses for fishermen are constructed on the beach in the coast hinterland,
only coconut palm is planted in the spaces of houses. In south side of the cost, houses are
clustered up to the shoreline and there is almost no vegetation. While, north side of the cost is
the cliff and there, coconut palm, bread fruit tree, white cedar and other bushy trees are grew.
And, in the vertical part of the cliff, there are many parts covered by vines. However, these
vegetations are generally observed in Grenada and they are not precious species.

Concerning animals, although there live wood slave (alias name: house gecko) which
is a kind of gecko and one of endangered species in Grenada, it is the animal as its name shows,

to live in houses therefore, it is judged that the impact on this animal by this project is small.

@ Marine biota

There live two kinds of crabs, one is white ghost crab and brown hermit crab in the
coastal area and beach. Both are small size crabs with about 10 cm in length and burrow holes
in the beach and usually live its inside. Both are crabs observed many in Grenada and they are
not precious species.

Jacks which are small size fish are observed many in the water ncar Gouyave. The
jack is used as food and in addition, there is the case that they are put into basket at sea after
catch by beach seine and other method to be live prey for tuna long line fishing.

Large rocks which have supposed to be generated from annihilated corals are
happened to be observed in the sea around Gouyave but the live corals are not observed.
According to an officer in charge of environment, Fisheries Division, corals have lived in
Gouyave district some time ago, but they were annihilated long time ago for some unknown

reason. Like this, there observe no special precious animate beings in the sea around Gouyave.
(2) Social Considerations

Residential houses are dense in the beach of Gouyave coast. About 50 houses were

confirmed only in front of center road between Little River and the existing Fisheries Center.
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The most of them are considered to be houses for fishermen excepting restaurants, shops and
others. And there also seen quite a simple cabin style houses. There are many houses along with
coast with raised floor structure against shore erosion. The distance from the house closest to the
coast to the existing coast line is about 30 m taking care of the wave runup as Figure 1-4-1(1)

shows.

Figure 1-4-1(1) Relation between run up height of long period wave in L’ ANSE and
fishermen’s facilities (EIA report of Grenada)

1-56



1-4-2 Approval procedures for environment in this project

The responsible organization for implementing development plan in Grenada is Land
Development Control Authority and it is necessary to get a permit from Physical Planning unit:
PPU in accordance with the regulation of Land Development {Control) Act 1968, Land
Development  (Control) {Amendment) Law 1983 and Physical Planning and Development
Control Act 25 (2002) . There are 18 classified projects which require EIA and as this project is
classified as “Coastal Area Development”, EIA is required. The flow from the application to
getting permission in this project i1s shown in Figure 2-2-3(2). Fisherics Division is going to
apply the permission to PPU after making the Environmental Impact Statement to be expected
when this project is executed as well as planning project components, its construction schedule
and so forth with the below mentioned documents. And, it was confirmed that the procedure to
get the permission and approval by PPU supposed to be completed in about one month since
this is the Government Project. Fisheries Division has executed IEE of this project already in
2006 employing an individual consultant and understood the significance and its contents of
IEE/EIA. Grenada has already conducted EIA based on the request letter and IEE upon the
preliminary study and hereafter, the development permit is to be approved based on the
structural calculation sheets and detailed design drawings at the detailed design study (It shall be
planed to implemented from December, 2009 to January, 2010) after completion of EIA of the
development plan upon needs based on the preparatory survey report.
A pplication Form
olLocation Plan
o3ite Plan
=Floor, Elevation and Section Plans

oStructural/Engineening Plans

[ Project ]
Preliminary Study [ --- 4 IEE
. | ;
Required v v
(Floor, Elevation, Section -1 Basic Design Study | --- FIA
Plans} (Structural, Design
Drawing) » .
Application 4
Detailed Desien Stad {Fisheries = [-------------—(f----------—-—--
etaile esign Study Division)
(Required documents) ‘ |
(Structural Calculation Sheet, About 1 month
_ _ _ Permit (PPU)
Detailed Design Drawing) | L~ == 7 e e —

Figure 1-4-2(1) Procedure of Approval and Permission for Environment in

Development Project
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1-4-3 Adverse Environmental and Social Im pacts
The following matters were studied as main matters of environmental impact

assessment in this project.

(1) Physical impacts

(DThe condition of littoral drift will be changed by the construction of offshore  facilitics such
as revetment. Present Gouyave coast is in so called dynamic stable condition which sediment
budget is stable as a total coast although there exists the littoral drift. In case of dynamic stable
condition, sand sedimentation is generated in upstream side and shore erosion is generated in
downstream side when the littoral drift is blocked by the construction of offshore facilities.

In casc of this project, the main offshore facilitics are the new jetty and the revetment which
have an influence on littoral drift. As the new jetty of which structure is the permeable structure
by steel pipe piles, the littoral drift will not be blocked. And as the revetment is constructed
being parallel to shoreline and the water depth in front edge is about 1.5m that is shallow, the

possibility to block littoral drift is small and its impact is minor.

@As the jetty has the structure that waves pass through, the influence by reflected waves is
considered to be almost never. While, reflected waves are generated by the construction of
revetment and the situation of wave and current in surrounding sea will be changed but, the
influence is minor since the reflection coefficient is small due to the sloping type revetment.

However, it is necessary to inform that fishing boats when berthing may be swayed by reflecting
waves to the landing section of the new jetty although they are minor together with teaching the

proper utilization method of fishing port (such as boat operation method).

(@Waste water, rubbish and blood from treatment of fisheries product, drainage water like
machine oil and etc. in repairing engines are generated from land facilities like Fisheries Center,
Fish Market, Work Shop and so forth. In order to restrain the discharge of waste water as much
as possible, in this project the proper treatment is conducted by installing septic tank therefore,

the impact will be small.

@Slight impacts are expected on surrounding environment (micro topographical weather and
others) and landscape by the construction of Radio Antenna Tower. However, as the scale of
facility is small (the height is about 55 m) and several radio antenna facilities already
constructed around there (their scales are almost the same as this time) and others, the impact by

this project is considered to be almost nothing.

(B)The impact by air pollution, noise, water and soil pollution by oil and ¢tc. vibration and so
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forth are anticipated during construction. It is necessary to minimize these impacts by ingenuity

of construction methods. The concrete methods are as follows.

a) Seclecting construction methods and construction machinery to decrease generation
of floating pollution and lower air pollution, noise and vibration.

b) Conducting monitoring survey regarding the above environmental items and always
confirms the situation. Table 1-4-3(1) shows the monitoring item and its standard,
monitoring place, frequency. And, as there is no concrete environmental standard
in Grenada, the monitoring is conducted based on the situation before the
construction. And the items which the monitoring is impossible in Grenada are to
be asked to the third country organization.

¢) Waste oil from boats shall collect and store in tank and the oil is incinerated after

segregation of oil and water. Residual waste water flows to sea after conducting
proper chemical treatment.

d) Concerning nonproliferation of floating pollution generated by offshore
construction, generation, dissipation and proliferation of muddy water are
minimized by installing silt curtain.

Table 1-4-3(1) Monitoring Study Plan

1. Air pollution (at the time of heavy vehicle operated, demolition and removal of existing

structures, dump truck and etc. operated)

Item Standard Remarks
SO, Standard before In front of houses around site, at the time of
construction heavy vehicle under operation, demolition

and removal of existing structures

NO, Standard before In front of houses around site, at the time of
construction heavy vehicle under operation, demolition

and removal of existing structures

CO Standard before In front of houses around site, at the time of
construction heavy vehicle under operation, demolition

and removal of existing structures

O, Standard before In front of houses around site, at the time of
construction heavy vehicle under operation, demolition

and removal of existing structures

Dust Standard before In front of houses around site, at the time of
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construction heavy vehicle under operation, demolition

and removal of existing structures

Floating particle Standard before In front of houses around site, at the time of
construction heavy vehicle under operation, demolition

and removal of existing structures

Powder dust Standard before In front of houses around site, at the time of

construction heavy vehicle under operation, demolition

and removal of existing structures

Note: Monitoring is conducted based on the standard before the construction work since the

pollution is potential by the operation of heavy vehicles, demolition and removal of structures

and the operation of dump truck and ete.

2. Noise and vibration (at the time of heavy vehicle operated, demolition and removal of existing

structures, dump truck and etc. operated)

Item Standard Remarks
Noise level Standard before In front of houses around site, at the time of
construction heavy vehicle under operation, demolition

and removal of existing structures

'Vibration level Standard before In front of houses around site, at the time of

construction heavy vehicle under operation, demolition

and removal of existing structures

Note: Monitoring is conducted based on the standard before the construction work since the
pollution is potential by the operation of heavy vehicles, demolition and removal of structures
and the operation of dump truck and ete. And, Project site is the mixed place of housing and

commercial area.

3. Water and Soil (by works of reclamation, jetty construction and revetment construction)

Item(unit) Standard Remarks

Dissolved Standard before monthly monitoring during construction
oxygen(%o, construction work at offshore of jetty construction site and
saturation) land construction site

Suspended Standard before monthly monitoring during construction
substance (SS) construction work at offshore of jetty construction site and
(mg/1) land construction site
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Coliform count Standard before monthly monitoring during construction
(Cfu/100ml) construction work at offshore of jetty construction site and

land construction site

n- hexane soluble | Standard before monthly monitoring during construction
matter(mg/1) construction work at offshore of jetty construction site and

land construction site

Biochemical Standard before monthly monitoring during construction

oxygen demand construction work at offshore of jetty construction site and

(mg/T) land construction site

Salinity Standard before monthly monitoring during construction

concentration construction work at offshore of jetty construction site and

(ppm) land construction site

PH Standard before monthly monitoring during construction
construction work at offshore of jetty construction site and

land construction site

Note: Monitoring is conducted based on the standard before construction since the water
quality and soil pollution are potential by the works of reclamation, jetty construction and

revetment construction.

(2) Impacts on biological environment

(DMarine and land facilitics are constructed by this project. On land, the arca with the length of
about 60m with the water depth of 1.0 m where are located in front of the existing fisheries
center are reclaimed and it will be for the New Fisheries Center, work shop, septic tank and fuel
supply facility. Vegetation is grown on the cliff of hinterland however, these are quite popular
vegetation in Grenada and as these will not be cut down, the direct impact to vegetation is
considered to be nil. Concerning land-dwelling creatures, although there live wood slaves (alias
name: house gecko) which is one of endangered species in Grenada and a kind of gecko, it is the
animal to live in houses therefore, it is judged that the impact on this animal by this project is
small. Other animates than this animal are commonly seen in Grenada and the impact is
considered to be small.

About 60 m length of sea shore will be vanished by the reclamation and construction of groin in
the marine area. This marine area is not living area for the rare spices and the vanishing area is
only about 20% of total Gouyave coast and the impact concerning vanish of sea shore is
supposed to be quite limited and small. While, it is anticipated that wave current and geological

formation will be a little bit changed by the construction of marine structures (jetty and
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revetment) in surrounding marine area and the biological habitant may be influenced. However,
the jetty is permeable structure and there is small given impact on wave and current and
therefore, it will be considered that almost no impact is expected on the loss of sea shore by
topographic change. And as the revetment will have 1.5m water depth at maximum, there will
be small impact by reflected wave and current from revetment and topographic change is small
and the impact on biological habitant environment is considered to be relatively small.

As above, it is judged that the impact to habitant environment by this project is small.

(@ Discharged water like waste water is generated from land facilities constructed this time. Sea
water, ground water, soil and others are polluted and it is also anticipated the impact on animate
beings and their habitat environment if proper treatment is not conducted. According to the
result of water quality survey of the project site, the analysis value of oil content (n-hexane
extracts) 4.89 as maximum value that is small and it is assumed that pollution by oil leakage
from Dboats is not proceeded however the numerical values of dissolved
oxygen(175.3%-196.3%) and coliform bacillus (5-8 Cfu/100 ml) are high. This is supposed to
be the influence from discharge of untreated effluent of partial domestic waste water (human
sewage and enteruria and ete.) near the project site. It is possible to minimize this impact by

proper treatment like installation of septic tank.

(3) Impacts on Social Environment

(U'The length of beach in front of project site is about 380m. Residential houses are there in the
beach. About 50 houses were confirmed in front of center road between Little River and the
existing Fisheries Center. The most of them are the houses for fishermen. And, for the resident
who lives Gouyave district where has a little flat area, the coast and beach are the good heeling
place for them. And, beach seining is done at the south side (about 300m) of existing jetty out of
beach. It is considered that the topographic change like vanishing beach width will not be
generated since marine structures in this project is permeable structure and the installed water
depth is shallow. At this moment, the distance from the house closest to sea to shoreline is about
30m and it is considered that there will be almost no impact to residential area by the
construction of marine structures. Some impact on beach seining by the construction of jetty
and revetment are anticipated. However, the location difference between the new jetty and the
existing one is about maximum 30m and the impact to south side beach (300 m) where the main

area for seining is done is considered to be small.
(2The improvement of fishing port facilities and the centralization of fishing port facilitics,

Fisheries Center and Fish Market are expected to increase the fishing boat, fishermen and fish

related persons. And the treatment and buying and selling of caught fishes under the sanitary
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and clean environment become possible and the working environment for fishermen and the
related industry workers are improved. It is expected the promotion of quality and increase of
volume of handling caught fishes by the enhancement of cold, chilled and ice making facilities.
And this possibly makes fisheries industry further develop and create new employment
opportunity.

While, going with this, surrounding traffic will be increased and car parking in the facilities area,
roads and other places will be congested. Therefore, there will be the possibilities of increase of
waste, expansion of polluted arca and other and also the traffic accident may be increased. The

countermeasures for the treatment of waste and the traffic control are necessary.

(3)Although the fisheries activities will be vitalized by improving fishing port facilities, there
will be fishermen who dissatisfy for not receiving profit without proper setting of the rules
and regulations on facilities use. It is necessary to establish proper rules on use so as to receive

equal profit for all fishermen and disclose, explain and follow it.

@) The jetty and the existing fisheries center will not be used during construction period.
Concerning landing of fisheries products, it is possible to pull up to beach by human power if
it is a small fishing boat but even its landing cannot be possible when the beach may be used as
a construction area or middle size fishing boat is necessary to use other landing place(Melville
Street). And, at the time of building expansion of fisheries center, the ice making machine and
refrigerator of the existing fisheries center cannot be used. Therefore, the other place (Melville
Street) i1s used for the ice supply and cold storage of fisheries products to be necessary for
fishing boat operation and the treatment of fisheries products. While, the existing fish market is

remain to be used for the treatment, sales or etc of fisheries products.

® It is anticipated the impact from the increase of traffic and traffic accident by the
transportation of material and equipment and the traveling of labors during construction. These
mmpacts are necessary to be minimized by better construction method and the method of
material procurement. And, in order to prevent construction disasters during construction, there

will install fence and ete. to define construction area
Sorting out these, Table 1-4-3(2) shows the environmental impact items by the project and its

extent. While the content of impact and the mitigation in each item to be influenced is shown in
Table 1-4-3(3). Table 1-4-3(4) shows a checking list of environment.
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Table 1-4-3(2) Study Result of Environmental Im pacts Assessment

Main environmental

impact factor

Environmental Impact

Impact extent
+ :Preferable

Mitigations

impact
C | B A
1. Impact by construction of jetty and revetment
Blockage of littoral drift Shore line change (advance, Dredging, removal of sand and
O soil
retreat)
Generation of reflection Increase of wave height Study for scale and impact area
O and its presentation and
wave training of boat operation
Decrease of coastal area Decrease of biological
cultivation ©
Decrease of coastal area Fishing ground of beach Supply of alternative relaxation
seining is decreased , © place (Project site is already
Land for housing and acquired)
relaxation place are O
decreased
2. Impact by construction of land facilities
Discharge of waste water | Pollution of sea water and Installation of septic tank
land ©
Improvement of fisheries | Vitalization of fisheries
distribution environment industry .
Health & sanitation O+
Congestion of facilities & Presentation of traffic control
traffic
Increase of waste Presentation of water treatment
Conflict of interest O Establishment of rules on use
and its presentation
Generation of malodor O
Involuntary Resettlement | Resident displacement O Completion of Land
expropriation and assurance
Construction of facilities | L-and subsidence O
Landscape @) Design study
3. Impact by construction of radio facility
Construction of steel Impact on climate and
tower landscape ©
4. Impact by construction
Operation of boats and Noise & vibration, Air O Study for construction method
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machinery

pollution

and machinery

Change of marine

O
ecosystem
Malodor
O
Roilipg bottom soil by Sea water pollution by Utilization of silt fence
marine works
suspended substance
Decrease of marine biclogy | O Utilization of silt fence
Pollution to marine
O
resources
Increase of working boats | Degradation in value of o
fisheries ground area
Waste disposal by Deterioration of Presentation of discharge after
construction works ) O treatment of waste
environment
Impact by marine Sea water pollution O Treatment of oil waste
construction works Dec_rease of living _
environment for marine O
biology
Impact by removal of Utilization of other facility
. _ ) Construction of jett o
existing facilities during 1oty Utilization of beach
construction period Constructi f fisheri e .
P onstruction. ol lisheries Utilization of other facility
center
5. Impact on heritage and traditional culture
Facility construction & Impact on heritage and O There is no heritage around.

implementation

others

Impact extent A : large impact, B: medium impact, C: small impact
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Table 1-4-3(3) Mitigation of Environmental Impact at each phase

Items | Mark | Impact | Mitigation
Natural Environment

Littoral drift Littoral drift condition will In Planning|

o be slightly changed by Rubble mound revetment type and

construction of revetment | parallel to shoreline in order not to disturb
littoral drift

Reflection Water area to slightly In Planning] Reflection wave will be

wave enlarge wave height by decreased by adopting rubble stones and
reflection wave from gentle slope revetment.

o revetment is generated. Estimation of scale of
reflection wave and influenced area and
demonstration to fishermen for berthing
location and operation method when
berthing.

Topography Slight shoreline retreat is In Planningl The normal line of

o generated and impacts on revetment is planned being parallel to

residential area of shoreline and avoid stoppage of longshore
fishermen sediment transport .
Pollution

Air Air pollution by diffusion of | [[n Construction Studying construction

C pollutant during method and machinery to minimize

construction. generation of pollutant.

Water Water pollution by In Planning] Polluted water generated
discharging of waste water | from the New Fisheries Center is
and diffusion of pollutant discharged after purifving below 20mg/1
during construction. with septic tank.

B Studying construction
method and machinery to minimize
generation of pollutant. Silt fence is used at
the time of sea bottom drilling, reclamation
and piling pipes and complete treatment
waste o1l from boats.

Soil Soil pollution by In Planning] Soil pellution is not
discharging waste water and | generated since clear upper portion of
diffusion of pollutant during | discharged water treated at the septic tank

B construction. is discharged into the sea.

Studying construction
method and machinery to minimize
generation of pollutant.

Noise, Generation of noise and n Construction] Using construction
Vibration o vibration by construction method and machinery to minimize noise
machinery, working boats and vibration.

during construction.
Social Environment

Tratfic Traffic is congested and n Construction] Arranging traffic

congestion B traffic accident is increased | controller for construction vehicles,

by increase of construction | Separation of construction site by
vehicles and improvement installation of fence . And, arrangement
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of fisheries facilities due to
vitalization of fisheries
activities.

plan of construction vehicles considering

rush hours is to be planned and executed.
In order to mitigate the
congestion by the increase of vehicles
entering into the New Fisheries Center,
traffic regulations or control are necessary
to be firmly ordered.

Decrease of Land space as fishing In Operation] To make fishermen agree to
land space ground for beach seining relocate setting place for beach seining. As
and relaxation are a part of beach will be gone by the
decreased by construction | reclamation work, it is necessary to make
of facilities. resident understand the change of beach
utilization place.
Removal of The existing facilities can n Construction
existing facility not be used. Large size fishing boats use the other
during facilities like Grand Mal. Small fishing
construction boats utilize beach for the landing.
period
Contflict of It could lead to a contlict of | |In operation | The landing activities are
interest interest among fishermen done mixed with large size fishing boats

for utilization of facilities.

and small one. The confusion is avoided
with the proper correspondence to provide
berthing place for each calling boat.
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