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Appendix B
On-going, current and finished projects in coastal Bangladesh are as follows
(MWR, 2001):
(1) Program Development Office for ICZM (PDO-ICZM)- NEDA
(2) Char Development & Settlement Project (CDSP II) – NEDA, WFP
(3) Coastal Embankment Rehabilitation Project (CERP II) – EU, IDA
(4) Noakhali Rural Infrastructure Development & Maintenance Project (RD-22) – SDC
(5) Rural Development Project – 16 (Patuakhali & Barguna) – DANIDA
(6) Cyclone Preparedness Program - GoB
(7) National Water Management Plan (NWMP)- IDA
(8) Small-Scale Water Resources Development Project (SSWRDP) – ADB, NEDA
(9) Khulna- Jessore Drainage Rehabilitation Project (KJDRP)- ADB
(10)

Gorai River Restoration Project (GRRP)- NEDA, WB

(11)

Coastal Belt Rural Water Supply & Sanitation – DANIDA

(12)

Water Supply & Facilities in the Coastal Belt of Bangladesh - IDB

(13)

Community Based Water Supply & Sanitation (under SEMP) – UNDP/WB

(14)

Arsenic Mitigation Pilot Project – DANIDA

(15)

Preparatory Study for Assessment of Groundwater Resources & Their Optimal

Utilization & Protection in the Coastal Belt - DANIDA
(16)

Coastal Land Use Zoning in the Southwest (under SEMP) - UNDP

(17)

Improved Land Administration & Management (under SEMP) – UNDP

(18)

Mapping for Development of Bangladesh, Phase 1 Coastal Area (BIWTA) -

Finland
(19)

Agriculture Serv. Innov. and Reform Project - IDA/DFID/ FAO

(20)

Southern Region Agricultural Development Project - GoB

(21)

Fourth Fisheries Project –WB, GEF, DFID

(22)

Greater Noakhali Aquaculture Extension Project - DANIDA

(23)

Fisheries Development Project in Patuakhali & Barguna Districts – DANIDA

(24)

Empowerment of Coastal Fishing Communities for Livelihood Security -

UNDP/FAO
(25)

Strengthening of Coastal Marine Fisheries Management - GoB

(26)

Smallholder Livestock Development Project in Five Southern Districts –

DANIDA
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(27)

Salt Project - GoB

(28)

Forest Resources Management Project (FRMP) - IDA

(29)

Coastal Green Belt Project – ADB

(30)

Forestry Sector Project – ADB

(31)

Development of Bamboo, Cane & Murta Plantation - GoB

(32)

Sustainable Environmental Management Project (UNDP/GEF)

(33)

Sunderban Biodiversity Conservation Project (SBCP)- ADB, GEF, NEDA

(34)

Establishment of Botanical Garden, Eco Park Project, Sitakundo – GoB

(35)

Development of Marine Park, Eco-Tourism at St. Martin’s Island – GoB

(36)

Construction of a Marine Drive from Cox’s Bazar to Teknaf – GoB

(37)

Afforestation (Jhao Plantation) in the Cox’s Bazar Sea Beach Area - GoB

(38)

Sustainable Development Network (under SEMP; BIDS) - UNDP

(39)

Sustainable Resource Management in Brackish Water Areas (under SEMP;

CARITAS) – UNDP
(40)

Socio-economic

Development

of

the

Coastal

&

Riverine

Fisherfolk

Communities (CODEC) –DANIDA
(41)

Local Initiatives for Farmer’s Training Project (LIFT-Noakhali) – CARE

(42)

Livelihood Monitoring Project – CARE

(43)

Agriculture Program, Noakhali - MCC

(44)

Support to Mass-line Media Centre (MMC) – DANIDA

(45)

Demonstration of Hydroponics in Wetland & Waterlogged Areas (WRDS)- Prip

Trust
(46)

A Study on Soil-less Cultivation of Vegetables & Seedlings (WRDS) – Grameen

Trust
(47)

Assessment of Environmental Degradation due to Ship Breaking Activities

(COSED)
(48)

Pollution Potentials of the Industrial Wastes on the Ecology of Karnaphuli river

(COSED)
(49)

Goat Rearing for Small Farm Holders (COAST Trust)- BARC & USAID

(50)

NGO Gardening and Nutrition Education Surveillance Project (COAST Trust) -

USAID
(51)

Upokulio Unnayan Shahojogy (Coastal Development Partnership-CDP), 64

Islampur Road, Khulna-9100, Phone ; 041-725 772; Mobile : 017- 296455, E-mail:
tutucdp@hotmail.com
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(52)

Coastal Fisherfolk Community Network (COFCON), 9/25 Sir Syed Road,

Mohammadpur, Dhaka 1207, Tel : 811 5459 Fax : 912 1538, E-mail:
udpn@dhaka.agni.com
(53)

Water Sector Improvement (Management?) Project - WB

(54)

Estuary Development Project - NEDA

(55)

Integrated Area Development of Gopalganj, Madaripur, Shariatpur & Pirojpur

District- IDB
(56)

Joint Action for Livelihood Security - DFID

(57)

Marine Ecosystems and Aquatic Resources Assessment

(58)

Barisal, Patuakhali, Jhalokhati & Barguna Small Holder Support Project - IDB

(59)

Coastal and Wetland Biodiversity Management Project (CWBMP)- UNDP

(60)

Bangladesh- Reduced Vulnerability to Climate Change (CARE- CIDA)

(61)

Development of Exclusive Tourist Zones at Sonadia Islands & Kuakata Beach –

GoB
(62)

2nd Coastal Embankment Rehabilitation Project (2nd CERP) - IDA

(63)

Cyclone Risk Area Development Project with its Cyclone Shelter Preparatory

Study (CSPS) - EU
(64)

Delta Development Project - NEDA

(65)

Multipurpose Cyclone Shelter Programme - UNDP/IDA

(66)

Meghna Estuary Studies (MES II)- NEDA, WB, Govt of Denmark

(67)

Land Reclamation Project (LRP) - NEDA

(68)

South Eastern Regional Study (FAP 5) - IDA/ UNDP

(69)

South Western Regional Study (FAP 4) - ADB/ UNDP

(70)

Productive Resources Management

(71)

Bay of Bengal Programme - GEF/ FAO

(72)

Greater Option for Local Development through Aquaculture (CARE) –DFID

(73)

Climate Change and Accelerated Sea Level Rise – NEDA

(74)

Climate Change Adaptation Programme - IDA
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Appendix C
Department of Agricultural Extension, GoB Projects

1) Agricultural Services Innovation and Reform Project (ASIRP);
2) Crop Diversification Project (CDP);
3) Soil Fertility and Fertilizer Management Project (SFFP);
4) Integrated Maize Promotion Project (IMPP);
5) Strengthening Plant Protection Services (SPPS);
6) Supplementary Irrigation under the Drought Affected Transplanted Aman Crop
(SIDATAC);
7) Thana Cereal Technology Transfer and Identification Project (TCTTI);
8) Integrated Pest Management (IMP);
9) House Hold Family Security through Nutrition Gardening (HFSNG);
10) Fanners Level Improved Seed Production and Preservation Project (FLISPPP);
11) Tree Plantation specially fruit trees; and
12) Soil Health Improvement Program.
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Appendix D
Terms and Terminology of Tide and Tidal Power
Tides are caused by the gravitational attraction of the moon and the sun acting upon
the oceans of the rotating earth. The relative motions of these bodies cause the surface
of the oceans to be raised and lowered periodically, according to a number of
interacting cycles (Baker, 1991; Elliott, 1996). These include:
1) a half day cycle, due to the rotation of the earth within the gravitational field of
the moon ;
2) a 14 day cycle, resulting from the gravitational field of the moon combining
with that of the sun to give alternating spring (maximum) and neap (minimum)
tides;
3) a half year cycle, due to the inclination of the moon's orbit to that of the earth,
giving rise to maxima in the spring tides in March and September ;
4) other cycles, such as those over 19 years and 1 600 years, arising from further
complex gravitational interactions.
According to the above orientation of the, the tidal glossary can be classified as:
1) Apogean Tide: A monthly tide of decreased range that occurs when the Moon is
farthest from Earth (at apogee).
2) Diurnal: Applies to a location that normally experiences one high water and one
low water during a tidal day of approximately 24 hours.
3) Mean Lower Low Water: The arithmetic mean of the lesser of a daily pair of
low waters, observed over a specific 19-year cycle called the National Tidal
Datum Epoch.
4) Neap Tide: A tide of decreased range occurring twice a month, when the Moon
is in quadrature (during the first and last quarter Moons, when the Sun and the
Moon are at right angles to each other relative to Earth).
5) Perigean Tide: A monthly tide of increased range that occurs when the Moon is
closest to Earth (at perigee).
6) Semidiurnal: Having a period of half a tidal day. East Coast tides, for example,
are semidiurnal, with two highs and two lows in approximately 24 hours.
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7) Spring Tide: Named not for the season of spring, but from the German springen
(to leap up). This tide of increased range occurs at times of syzygy (q.v.) each
month. A spring tide also brings a lower low water.
If the sun and the moon are in the same line, they pull together, the high ‘spring tides’
are resulted. If the sun and the moon are at 90 degrees at each other, the result is low
neap tide’ (fig. 1). There are about 14 days between the neap and spring tides, which is
half of the 29.5 days lunar cycle.

Fig.1: Various types of tide (Baker, 1991; Elliott, 1996).
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The range of a spring tide is commonly about twice that of a neap tide, whereas the
longer period cycles impose smaller perturbations. In the open ocean, the maximum
amplitude of the tides is about one metre. Tidal amplitudes are increased substantially
towards the coast, particularly in estuaries. This is mainly caused by shelving of the
sea bed and funnelling of the water by estuaries. In some cases the tidal range can be
further amplified by reflection of the tidal wave by the coastline or resonance. This is a
special effect that occurs in long, trumpet-shaped estuaries, when the length of the
estuary is close to one quarter of the tidal wave length. These effects combine to give a
mean spring tidal range of over 11 m in the Severn Estuary (UK) (Clark and PrysJones, 1994). As a result of these various factors, the tidal range can vary substantially
between different points on a coastline.
Theoretical background of tide:
Generally, a tidal power plant located in the upstream of a coast where tidal flows come,
known as flow tide that can be trapped behind a barrage. The flow tide changes the sea
level across the barrage through occupied the potential energy which is converted into
kinetic energy in the form of the fast-moving water passing through the blades of the
turbine or water wheel. The spinning turbine drives the generator which produce the
electricity. The energy output approximately proportional to the area of the water
trapped behind the barrage.

According to the Physics law, the variation in tidal height is caused by the gravitational
interaction between the earth and the moon. The earth rotates on its axis, gravitational
forces produced at any particular point on the planet twice a day, rise and fall in sea
level, this being modified in height and gravitational pull of sun, and by topography of
land masses and oceans. Gravitational forces are determined by Newton`s law of
gravitation which states that the force of attraction (F) between two bodies is:
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Where m1 and m2 are the masses of the bodies, r is the distance between the centres of
mass of the bodies. The interaction between the earth, moon and sun is quite complex.
The gravitational pull of the moon draws the seas on the side of the earth nearest to the
moon into a bulge towards the moon, while the seas furthest from the moon experience
a less than average lunar pull and bulge away from the moon. That gives two tides per
day (in every 24.8 hour), occurring approximately 12.5 hours apart. This timing of the
high tides will vary occurring approximately 50 minutes later each day.
The kinetic energy of a solid sphere of radius, R (m) with a mass M (kg), rotating with
an angular velocity W (rad/sec), is given by:

Where the Ek is the Kinetic Energy (Joules). With this relationship plus the fact that the
mass of the earth is 5.98x1024 kg and the tidal action has slowed the rate of rotation by
one second in 120.000 years, it can be calculated, that the average power of the tides is
1.570.000 Mw (Jwo-Hwu, 1998). That basic mechanism is modified by the sun.
Although the sun is much larger than the moon, it is much further away from the earth,
and the influence of the moon on the seas is about twice of the sun (Gorlov, 1982;
Middleton, 2001).

The first is the centrifugal force which is the result of the rotation of the earth and the
moon around each other. The earth and the moon are moving around the centre of
gravity of the earth-moon system. That motion produces centrifugal force which must
be equal and opposite to the gravitational forces at the centres of the planets. In the case
we neglect the diurnal rotation of earth, each point of the surface of the earth
experiences a centrifugal force acting on the centre of the earth. The mutual rotation
around the centre of the earth-moon system produces a large outward centrifugal force
acting on the seas on the side of the earth furthest from the moon. A smaller centrifugal
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force directed towards the moon, acting on the seas facing the moon. The gravitational
pull of the moon draws the seas on the side of the earth nearest to the moon into a bulge
towards the moon. Whilst the seas furthest from the moon experience less than average
lunar pull and bulge away from the moon. That gravitational force which is exerted by
the moon on the surface of the earth varies with the position of the planets. It depends
on their distance from each other. The tide-generating force is the vector sum of the
gravitational and the centrifugal forces at any location of the surface of the earth, and is
directly proportional to the tide generating body (which is the sun or the moon). It is
also inversely proportional to the cube of the distance between the earth and the tide
generating body. Sometimes the weather can effect the tides with its stormy winds,
called by the Coriolis force207. The Coriolis force deflect tidal currents from the paths
that they would otherwise have taken.

Calculation of tidal power:
According to various scientists (Elliott, 1996; Gorlov, 1979; Koh, 1997; Middleton,
2001; etc)208, the amount of energy estimation that may be available from a given tidal
project, consider the energy stored by the water held in a depth, H, behind a dam of
height, H0. If the surface area of this body of water is A and the area does not change as
the water level drops. The total weight of water stored, W, is given if the dam is
completely filled, by this relationship:

where

is the density of water. As the tidal water runs out of the reservoir the height

H, of the water drops. The amount of energy released, dE, per unit of decrease in the
height of water stored is then
207

A pseudo force used mathematically to describe motion, as of aircraft or cloud formations, relative to a
non-inertial, uniformly rotating frame of reference such as the earth.
208
http://www.nyf.hu/karok/ttfk/kornyezet/megujulo/Tidal%20energy/Tidal%20energy.htm (accessed on
22 August 2003).
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To find the total energy stored the equation above may be integrated between two
limits, which are empty (H=0) and full (H=H0).

The total energy available depends on the square of the height of the dam. In a similar
way, the total energy available from a tidal energy scheme will depend on the square of
the tidal range, R. To figure out the maximum possible average power available from a
given tidal scheme the total energy available must be divided by the total cycle time
between low and high tides, T. In most cases T would be approximately 6 hours (21,600
seconds). The average power that could be produced is given by

The amount of energy obtainable from a tidal energy scheme therefore varies with
location and time. Output changes as the tide ebbs and floods each day; it can also vary
by a factor of about four over a spring-neap cycle (Middleton, 2001). Tidal energy is,
however, highly predictable in both amount and timing.
The available energy is approximately proportional to the square of the tidal range
(Wood, 2000). Extraction of energy from the tides is considered to be practical only at
those sites where the energy is concentrated in the form of large tides and the
geography provides suitable sites for tidal plant construction. Such sites are not
commonplace but a considerable number have been identified in the UK, France,
eastern Canada, the Pacific coast of Russia, Korea, China, Mexico and Chile. Other
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sites have been identified along the Patagonian coast of Argentina, Western Australia
and western India (Haws, 1999) (Table 1)209.
Table 1: Prospective sites for tidal energy projects (Haws, 1999).
Country

Installed
Mean tidal Basin
Approximate
Annual plant
2
range (m) area (km ) capacity (MW) annual output (TWh/year) load factor (%)

Site

Argentina San José

5.8

778

5 040

9.4

21

Golfo Nuevo

3.7

2 376

6 570

16.8

29

Rio Deseado

3.6

73

180

0.45

28

Santa Cruz

7.5

222

2 420

6.1

29

Rio Gallegos

7.5

177

1 900

4.8

29

7.0

140

1 480

2.9

22

Walcott Inlet

7.0

260

2 800

5.4

22

Cobequid

12.4

240

5 338

14.0

30

Cumberland

10.9

90

1 400

3.4

28

Shepody

10.0

115

1 800

4.8

30

Gulf of Kutch

5.0

170

900

1.6

22

1 970

7 000

15.0

24

100

400

0.836

24

Australia Secure Bay
Canada

India

Gulf
Khambat

of 7.0

Korea
(Rep.)

Garolim

4.7

Cheonsu

4.5

1.2

Mexico

Rio Colorado

6-7

5.4

UK

Severn

7.0

520

8 640

17.0

23

Mersey

6.5

61

700

1.4

23

Duddon

5.6

20

100

0.212

22

Wyre

6.0

5.8

64

0.131

24

Conwy

5.2

5.5

33

0.060

21

Pasamaquoddy

5.5

Knik Arm

7.5

2 900

7.4

29

Turnagain Arm 7.5

6 500

16.6

29

USA

Russian
Fed.

Mezen

6.7

2 640

15 000

45

34

Tugur *

6.8

1 080

7 800

16.2

24

Penzhinsk

11.4

20 530 87 400

190

25

* 7 000 MW variant also studied

209

James

Craig,

AEA

Technology,

United

Kingdom,

http://www.worldenergy.org/wec-

geis/publications/reports/ser/tide/tide.asp, (accessed on 20 August, 2003).
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The main tidal-power utilisation technologies:
1) One-way, single-basin generation: This is the simplest way of power generation.
There is single basin closed off the estuary by a barrage. During the high tide period
the

water

fills

the

basin

by

passing

through

the

sluiceways.

During low tide, tidal power can be generated by emptied the basin through turbine
generators (when the water level in the basin is higher than the sea level).
This type of systems can allow power generation for about five hours that followed
by the refilling of the basin.
2) Two-way, single basin generation: This system allow power generation from the
water moving from the sea to the basin during the low tide moving back to the sea.
Such as La Rance tidal power plant. This process requires bigger and more
expensive turbines.
3) Multiple-basin tidal power plant: The multiple-basin system allows continuous
power generation. The rising tide fills the high-level basin through the sluiceways.
When the falling sea level is equal to the water level in the high-level basin,
sluiceways are closed to prevent the out flow to the sea. After that, the water flows
from the high-level basin to the low-level basin through turbine generators. When
the falling seawater level becomes lower than the rising water level in the low-level
basin, the sluiceways are opened to allow water to flow into the sea from the lowlevel basin. This process continues until the water level in the low-level basin equals
to the rising sea level. Then the sluiceways are closed to prevent the filling of lowlevel basin from the sea. This process allows continuous power generation.

The turbines of the tidal power plant La Rance
1) Bulb turbine: The bulb turbine is a horizontal-axis propeller with variable pitch
blades which is sealed in a bulb-shaped enclosure mounted in the flow (fig. 2).
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In the bulb system the water flows around a large bulb and access to the
generator involves cutting off the flow of water. Tidal water can run either as
power generating turbines or in reverse as pumps. The reversible pump
generators can uses to over empty the tidal basin at low tide or to overfill it at
high tide. The La Rance tidal power plant uses this bulb turbine.

Fig. 2: Bulb turbine.

2) Straflo (Rim) turbine: In this system, the generators are mounted radially
around the rim and only the runner (that is the turbine blades) in the flow (fig. 3)
Anapolis Royal tidal power plant uses this straflo turbine.

Fig. 3: Straflo turbine.
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3) Tubular turbine: In this system, the runner set is at an angle so that a long
(tubular) shaft can take a rotational power out to an external generator (fig. 4).
The rotational speed of the turbine is about 50-100 revolutions per minute
(RPM) and the wear of it reduced compared with a high-head hydro plant.

Fig. 4: Tubular turbine.

4) Reversible-pitch turbine: By the use of reversible-pitch turbines there can
power generated both the ebb210 and flow, but these are most complex and
expensive. Although the energy generation will be distributed in time, there will
be a net decrease in power output for each phase compared with a simple ebb
generation scheme. This is because, in order to be ready to the next cycle,
neither the ebb nor the flow generation phases can be taken to completion: it is
necessary to open the sluices and reduce water levels ready for the next flood
cycle and for ebb generation. The blades cannot be designed optimally for flow
in both directions, and would have to be compromised for two-way operation.

210

Tides have a 12.4-hour cycle, so the rising and falling of sea level have got a sinusoidal pattern. Power
can be generated from the passing of incoming tide, which drive the turbines, mounted in the barrage.
This is called flood generation. There can be power generated by another way. The incoming tides pass
through sluices, and develops behind the barrage and the sluices are closed at high tide. At low tide than
the head of water pass through the turbines, this is called ebb generation.
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7) Spring Tide: Named not for the season of spring, but from the German springen
(to leap up). This tide of increased range occurs at times of syzygy (q.v.) each
month. A spring tide also brings a lower low water.
If the sun and the moon are in the same line, they pull together, the high ‘spring tides’
are resulted. If the sun and the moon are at 90 degrees at each other, the result is low
neap tide’ (fig. 1). There are about 14 days between the neap and spring tides, which is
half of the 29.5 days lunar cycle.

Fig.1: Various types of tide (Baker, 1991; Elliott, 1996).
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generators can uses to over empty the tidal basin at low tide or to overfill it at
high tide. The La Rance tidal power plant uses this bulb turbine.

Fig. 2: Bulb turbine.

2) Straflo (Rim) turbine: In this system, the generators are mounted radially
around the rim and only the runner (that is the turbine blades) in the flow
(fig. 3) Anapolis Royal tidal power plant uses this straflo turbine.

Fig. 3: Straflo turbine.
3) Tubular turbine: In this system, the runner set is at an angle so that a long
(tubular) shaft can take a rotational power out to an external generator (fig.
4). The rotational speed of the turbine is about 50-100 revolutions per minute
(RPM) and the wear of it reduced compared with a high-head hydro plant.
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Fig. 4: Tubular turbine.

4) Reversible-pitch turbine: By the use of reversible-pitch turbines there can
power generated both the ebb207 and flow, but these are most complex and
expensive. Although the energy generation will be distributed in time, there
will be a net decrease in power output for each phase compared with a
simple ebb generation scheme. This is because, in order to be ready to the
next cycle, neither the ebb nor the flow generation phases can be taken to
completion: it is necessary to open the sluices and reduce water levels ready
for the next flood cycle and for ebb generation. The blades cannot be
designed optimally for flow in both directions, and would have to be
compromised for two-way operation.
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Tides have a 12.4-hour cycle, so the rising and falling of sea level have got a sinusoidal pattern. Power
can be generated from the passing of incoming tide, which drive the turbines, mounted in the barrage.
This is called flood generation. There can be power generated by another way. The incoming tides pass
through sluices, and develops behind the barrage and the sluices are closed at high tide. At low tide than
the head of water pass through the turbines, this is called ebb generation.
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