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ANNEX VII - FISHERIES
CHAPTER VII.1
INTRODUCTION

VIIL.1.1 Introduction

The area of the South East Region Water Resources Development Programme consists mainly of the greater
Comilla and Noakhali Districts. The South East Region (SER) borders India to the east; the Chittagong area
to the south-east; the North West Region (FAP 6) to the north and north-east; the North Central Region (FAP
3) to the west and the South Weat Region (FAP 4) to the south-west. To the south, the South East Region
meets with the Bay of Bengal (Figure VIIL.1.1).

As a whole, the importance of freshwater fish lies in the fact that they are an important source of income and
cheap protein for a large proportion of the human population in Bangladesh. Thus, the objective of the present
study is to prepare a regional water resources development plan with the integration of all aspects of water
development, of which, fisheries is one of the most important ones as shown by the recent feasibility studies
carried out in the Gumti Phase [I and Noakhali North areas within the South East Region, which will be used

as examples throughout this text,

There are two main types of fisheries in the country, capture and culture fisheries. Capture fisheries takes place
through the exploitation of fish in open waters such as rivers, Khals, Beels and in other depressions that hold
water for any length of time. Culture fisheries occur in closed water bodies such as ponds, dighis, borrow pits

and lakes, where stocking of fish, teeding and fertilization is carried out.

There is an extensive network of seasonal and perennial rivers with Khals cris-crossing the South East Region
making it potentially very important for capture fisheries. A large proportion of the Region lies within the
annual flooding area of the country and as such, it is believed to play an important role as fish habitat,
especially in those areas isolated during the dry season which often merge into one vast expanse of water during
the floods. This extensive flooding enhances the fisheries every year hy carrying those species which migrate
from the main rivers into the floodplain aquatic habitats for hreeding, feeding or dispersal purposes. In
addition, the man-made Khals and other type of artificial depressions (estuaries, road-side borrow pits and
canals) also found in the area, act as fisheries production sites and are good settings for the cultivation of
commercially important species. However, ecological and biological data regarding fish and their utilization
is lacking, especially for the smaller species and it is thus not possible at present tv assess the fisheries situation

of the Rerion in detail

Therefore, it is vital that an evaluation of the existing fish diversity and fisheries in the region and the potential
ecological impacts that any flood control project might have on their life cycles and on the natural environment
be carried out, taking into account the lessons learnt from existing FCD/FCDI schemes in the region, as well
as the experience gathered from the more recent feasibility studies in the Gumti Phase 1T and Noakhali North

dreds.
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However, as has been pointed out in these two studies (Gumti Phase [I and Noakhali North Studies, 1993), to
carry out such an evaluation properly, a detailed ecological assessment of the interactions between the ecosystem
and the use of these resources by the local human population is indispensable. Any further development plans
in the Region will thus have to incorporate appropriate programmes to look at the fisheries, both capture and

culture, and the ecology of the Region.

As a whole, fisheries studies in Bangladesh are currently undergoing substantial changes and it has become
indisputable that capture fisheries are considerably more important than previously realised. Relevant studies
in this respect include the work by FAP 17, who are looking at the fisheries from the national perspective; FAP
6 the North East Regional study, the fisheries component of this study identified important fishery areas which
were termed “mother fisheries': and the Gumti Phase II and Noakhali North feasibility studies within the South
East Region, which used hydraulic models to estimate the areas of floodland which together with current field

data allowed more accurate estimates for the potential fisheries outputs for each area to be made.

The Gumti Phase II area, in the northern part of the SER, has been identified as one of the most important
fisheries areas in the country benefiting directly from the Upper Meghna and Titas Rivers. Within Gumti Phase
[I. the northern, central and western areas are especially important because of the early flooding from the fish-
rich Meghna waters which enter via the northern part, extending rapidly throughout the basin. In the Noakhali
North area, the most important fishery areas appear to be the Dakatia River and its floodplain. [t is expected

that other such areas may be identified within the Region after further work is carried out in this respect.

SN-VIIF
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CHAPTER VIIL.2

EXISTING CAPTURE FISHERIES

VIL.2.1 Open water situation in the Region

There is an extensive network of seasonal and perenrial water bodies in the South East Region which oficn
merge into one vast expanse of water during the floods. Figure VII.2.1 shows the river and Khal network in
the Region as a whole while Figure VI1.2.2 shows the areas that typically go under water in the SER in general.

The area of these water bodies can be obtained with the aid of the MIKE 11 Hydraulic Model for the whole of
the SER.

Table VII 2.1 provides details of the waterbodies in Gumti Phase 1 and Noakhali North.
TABLE VII.2.1

Area of Fishery Systems in Gumti Phase Il and Noakhali North

Fishery System Gumti Phase Il (ha) Noakhali North Total
Meghna River 8.469 11,968 20,437
Dakatia River - 594 594
Int River/Khal 2,955 1.216 4,171
Beels* 2.330 - 2.330
Floodplains# 109,217 72,768 181.985
Subtotal 122,971 86,546 209,517
Ponds@ 4,202 8,014 12.216
Grand Total 127,173 94,560 221,733

Source: 1993 Gumti Phase Il and Noakhali North Feasibility Studies

¥ Thana Fisheries Office Surveys carried out during the feasibility studies
# Area calculated from results of the MIKE II hydraulic model
@ Refers to "Cultured” ponds only

In the Gumti Phase 11 area, the area of natural water bodies which influence its fish production amounts to
nearly 123,000 ha including §.469 ha that correspond directly to the area of the Meghna River adjacent to
Gumti Phase II. In Noakhali North, the area of natural water bodies contributing to fish production amounts

to over 86,000 ha if the area of the adjacent Lower Meghna (11,968 ha) is included.
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Rivers and Canal Network in the Study Area

Figure VI1.2.1 [}
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' Figure VII.2.2

Presumed Fish Migration Path from the Meghna
to the Floodplains/Rivers in the Area
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[t should be pointed out that for both the 1993 Gumti Phase [I and the Noakhali North teasibility studies, the
areas of tloodplain were calculated from the results of the MIKE [I hydraulic model which aggregated all the
water levels greater than the MPO Flood Phase FO (30 cm). This water level was considered the minimum
level for fish production. Direct comparison hetween these results with earlier ones for the same areas of
floodplain or for different ones is thus not possible as other studies in general have only included the MPO
Flood Phases F3+F4. Further analyses of the floodplain area including all MPO Flood Phases greater than
FO should be carried out for the Region as a whole in order to obtain a more realistic value for the extent and

duration of the flooding within the SER.

Table VIL.2.2 shows the areas of water bodies for each planning unit in the SER. However, it should be noted
that further hydraulic model runs should be made including the MPO Flood Phases greater than FO (30 ¢cm) for
any fisheries analysis in the future. The difference can be clearly seen in the values for Gumti Phase II and

Noakhali North when compared to the other planning units.
TABLE VIIL2.2

Areas of standing water and rivers

Planning Unit Total area Standing River Total

including water (ha) (ha)

Floodplain

(ha)

Ashuganj 21 740 16 63 79
Titas 52 180 175 350 525
Gumti 11 118 704 6 532 2 995 9 527
Gumti 1 14 910 22 33 55
Meyghna-Dhonagoda 620 = 508 508
Dhonagoda 65 230 122 314 436
Sonaichari 4 350 13 - 13
CIP 7 770 68 - 68
Polder 59/2 25510 970 355 1 325
Noakhali North 82 592 8014 1 810 9 824
South -Sudharam 87 280 11 863 500 12 363
Little- Feni 77 340 900 300 1 200

Note:  Excludes Meghna River.

Source: Surface Water Simulation Model
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vi1.2.2 Jalmuahals in the South East Region

Jalmahals are sections of permanent water bodies where fishing rights have been leased by the Government,
usually on a three yvear basis. In the greater Comilla area there were 433 Jalmahals in the form of rivers.
Khals. Beels. road-side ditches and large ponds with an estimated area of around 8,000 ha. These Jalmahals.
according to information received from the Department of Fisheries (DOF), are scattered throughout the Region
with areas ranging from 0.5 ha to over 500 ha. The numbers have been shown separately for the three old
subdivisions, Brahmanbara, Cowille and Chandpur.  Jaimabais under the Cnandpu -windivision have been
further divided for three circles. i.e.: Matlab, Sharasti and Faridganj. The largest number of Jalmahal was
reported for Brahmambaria (199 with an area of 5.139 ha). tollowed by Comilla (100, with an area of 1.300
ha) and lastly, Chandpur (34, with an area of 1,378 ha). In the greater Noakhali area. 258 Jalmahals were

reported with an estimated area of approximately 400 ha (Table VII.2.3).

However, a New Fisheries Management Policy (NMFP) has already been introduced by the Government and
Jalmahals will eventuallv have to be leased under this policy. Table VII.2.4 shows the Jalmahals under the

NMFP for the Gumti Phase Il area, as well as the number of fishermen involved per Jalmahal and Thana.
VIL2.3 Flood Phasing Situation in the SER

According to the MPO. normal FCD projects transform 65% of the F3-F4 land into F1 or F2 land. 1t is
important to establish that the deeply tflooded areas within the SER are potentially important fishing grounds as
well as crucial feeding, breeding and nursery areas for fish. Table VII 2.5 shows the areas of F3 and F4 land
in the SER. Further work related to fisheries i the SER should include an estimate of all land greater than FO

(1.e. 30 cm) available 1n the SER.
VIL.2.4 Fish Migrations and Movements

There 15 4 lack of detailed information regarding the migration patterns of the numerous fish species reported
for Bangladesh. By and large, existing information has concentrated on a few of the commercially important

species such as the major carps (i.e. Rui, Catla. ete.) and Hilsa.

There are vast floodplain areas within the SER such as the Gumti Phase 11 study area, where fish migration is
rather an important issue for the whole energetics of the system, especially since the number of fish species
recorded there 1s so large. Please refer to the 1993 Gumti Phase 1l Fisheries and Ecology Annexes for full
details (Annexes F and D respectively). In addition, it 1s important to note that although some fish are in
general referred to as mugratory’ fish, by and large all fish species migrate or move from one area to another
in the floodplain. In the Fisheries Annex F, these species have been referred to as 'long-distance’ migrants and

floodplain resident’ species.
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TABLE VIL2.3

Number and areas of Jalmahal in the greater Comilla and Noakhali areas

District Nr Area (ha)
Brahmanbaria 199 5139
Comilla 100 1 500
Chandpur
Matlab circle 14 819
Shahrasti circle 6 30
Faridganj circle 14 Not known
Sub-total: 333 7 488
Noakhali:
Sonagazi 9 2
Chhagalnaiya 22 10
Sudharam 24 12
Ramgan; 13 11
Feni Sadar 17 6
Lakshmipur 77 32
Ramgati 8 13
Senbay 17 219
Begumgan) 63 28
Companyyanj 8 |
Sub-total: 258 384
Grant-total: 591 7 872
Source: Department of Fisheries
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TABLE VII.2.4

Jalmahals under the New Fisheries Management Policy in Gumti Phase 11

Sl Name of Jalmahals Location Area Number ot
No, (ha) Fishermen

invalved

L. Daudkandi thana Fishenes Daudkand: 70 1272
2, Kairapur Fisheries Daudkandi 30 1216
i Nalia Fisheries Muradnagar 33 133
4, Dead Titas Muradnagar 13 233
5. Noabad Fisheries Homna 500 1 085
0. Titas Nadi Block "A" Nabinagar 400 1 200

Total: 1 046 5 139
Source: DFO. Comilla and Brahmanbaria. Thana Survey carried out during this study.

Number of Fishermen Per Thana

Sl Name of Thana Full Time  Part Time  Occasional Total
No. Fishermen  Fishermen  Fishermen Fishermen
L. Nabinagar 14 285 20 590 180 000 214 875
2 Muradnagar 4 150 11675 25 600 41 425
Fs Kasha 2 100 3 250 10 105 15 455
4. Bancharampur 8 000 10 000 19 500 37 500
5 Brahmanpara 480 780 4310 5570
6. Homna 5 130 15 650 69 685 90 465
7. Burichanyg 150 300 2797 3 247
8. Daudkandi 2 488 5 402 21 089 28979
9. Debidwar 2 100 2 800 16 802 21 702
10. Kotwali (Comilla) 400 1 200 3 300 4 900
11. Akhaura 270 460 2 600 3 330

Total: 39 553 72 107 355 788 467 448
Source: Thana Fisheries Offices. Thana Survey carried out during this study.
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TABLE VIL.2.5

F,+F, Lands in the Planning Units

Planning Unit Irrigated Rainfed Total Per cent of the

gross total area

1. Ramgati 0 0 - -
2. South Sudharam 0 0 - C
3. Noakhali North 243 788 | 031 I
4. Little Feni river 0 0 - -
5. Dakatia 1 745 6 005 7 750 9
6. CIP 0 0 - -
7. MDIP 925 2 305 3 230 -
8. Dhonagoda 8 083 23 913 31996 28
9. Sonaichari 0 0 - -
10. Gumti | 5717 8 796 14 513 46
L1. Gumti II 24 389 21 575 45 964 32
12. Ashuganj 3 451 661 4 157 12
13. Titas 20 369 ksl 572 31 941 31

According to Welcomme (1979), most fish have two distinct centres of concentration. their wet and dry season
habitats. and thus they have to travel sometimes over long distances in order to reach them. The two main
components of such migratory movements recognised for tropical species are longitudinal and lateral migrations.
Longitudinal movements taking place within the main river channel (i.e. "long-distance’ migrants), and lateral
migrations being those where fish leave the main channel and distribute themselves over the tloodplain, or the
"floodplain residents’. It is now known that both of these migrations are active since often fish migrate against
the current to gain access to the main floodplain. Most healthy adult fish tend to direct their movements rather

that drift in the current although tish eggs and larvae do dnitt.

There appear to be six main phases in the distribution of fish it both lateral and longitudinal migrations are

combined. These are:

- longitudinai migration within the main channels for breeding: these are usually upstream
- lateral feeding migration in the floodplain

- local movements throughout the tloodplain and distribution in seasonally flooded habitats
- lateral migration from the tloodplain towards the main channels

- longitudinal migrations within the main channels for feeding, usually downstream

- local movements within the dry season habitats: these may be rivers. adjacent lakes, or the sea

ANN-VIIF VII—S



In general. fish initiate their riverine migrations with the onset of the tloods and lateral migrations when the
banks spill onto the floodplain. In addition. fish appear to move actively against the current rather than to enter
passivelv on inconung flows. Migration also appears to be an ordered sequence of species with some species
moving tirst, Adult fish tend to leave the tfloodplain betore the voung-of-the-vear, which appear to stay in the

floodplain until the later stages of its emptyving.

VIL.2.5 Environmental Stimuli Influencing Fish Breeding and Migration

Breeding

Breeding begins during the pre-monsoon flood and depending on the ramn and water volume in the river and
tloodplam. most of the catfish. live fish and other species such as Magur, Singi, Koi, Tengra, Pabda, Air. Boal.
Gazar and Sol. start hreeding towards the end of March and early Apnl. It would appear that piscivorous fish
such as some of the catfishes Boal, Gazar and Sol breed earhier than the non-piscivorous species.  Optimal
environmental conditions for breeding are tempestuous and include flash floods, heavy continuous rain and

thunder, which together stimulate fish breeding, especially for Ghonia, Boal. Pabda, Koi, Batasi, Puti and Laso.
Fish Migration

In general. a series of environmental factors appear to trigger fish migrations, although these may not always
be effective as fish are on oceasions left stranded. Some of the muin factors influencing fish movements include
depth ot water, (there seems to be a general tendency tor bigger fish to leave the floodplain earlier than the
smaller tish). dissolved oxygen concentrations, temperature. light (many fish prefer to move at night) and lunar

phase.

In the present review 1t was not possible 1o examine fish migration and/or movements in the floodplain or the
channels throughout the SER as the period of time and the resources available to carry out the present study
were insutficient. However, since fish access to the river channels and floodplain areas is crucial to the ecology
and to the fisheries as a whole, especially in areas such as the tfloodplain areas in Gumti Phase 11 and Noakhali
North, it 1s strongly recommended that such a study be carried out before any intervention takes place in areas
already 1dentitied as important for fish access, such as the northern part of Zone C in Gumti Phase II, which
carries the early floods into the system and presumably the fish (Figure VILL2.3) and the Dakatia River
floodplain in Noakhali North (Figure VIL.2.4). Such a study should also consider other possible areas important

for access for fish and other species.

In addition, full polderization of part or the whole of such important floodplain areas could have devastating
effects on the fisheries and the ecology of the area due to their proximity to the Meghna River. The potential
eftects on the fisheries and the ecology of the Gumti Phase 11 and Noakhali North areas have been described
more fully elsewhere (1993 Gumti Phase ] and Noakhali North Draft Final Reports for Fisheries and Ecology).
It should also be emphasised that floodplain areas 1in general are vast wetlands which are believed to be a heaven
for numerous species of flora and fauna. This has been confirmed from the preliminary evaluation of the
biodiversity of the study area as described in Annexes D for both feasibility studies. It is therefore helieved
that any proposed polder schemes will also have devastating consequences on the wildlite, both flora and fauna,

of the arca.
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Figure VII.2.3

Rising 1 in 2 Year Flood Pattern
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YI1.2.6 Nates on the Life History of the Major Carps and Hilsa

Major Carps These are important commercial species of which Rui is probably the favoured food fish in
Bangladesh. It is thought that ditferent geographical carp populations may exist. There are four carp species
usually referred to this group: Rui, Catla, Mrigal and Kalbasu and all four are thought to have similar

reproductive strategies. These four species are important in the tish catches in the whole of the SER.

Broodstock overwinter the dry season in large rivers and beels with the spawning migration occurring in the
early monsoon. In general, brood stock from the move from the beels into the Khals and rivers, from where
they move upstream to shallower areas suitable for spawning. According to Tsai er al. (1981), it appears that
ox-bow bends in particular are favoured, probably because they possess unusual hydrological features (deep
pools in the outer bend, turbulence. upwelling and hackwater current in the inner hend). Eggs are non-adhesive
and drift with the current. embryos hatch in 5 to 24 hours depending on the species. Major carp spawning

grounds can be found from the sightings of drifting eggs and hatchlings.

No spawning sites for these species were located within the SER area. However, there was not enough time
available in the study to carry out a thorough field survey in this regard. According to fishermen in the North
East Region, major carps also spawn in Beels (FAP 6. 1993). Increasing Beel water levels during the early
monsoon may be enough stimulus to induce them to spawn in their overwintering Beels. Broodstock which have
overwintered in rivers may have the option of carrying a spawning migration upstream at the onset of the
monsoon, or to remain in the vicinity of the overwintering grounds, wait until the river banks are overtopped
and then move laterally onto the tloodplain to spawn. The possibility of major carp spawning in the Beels
located to the west and north of the Gumti Phase II study area. since these Beel areas are located close to the

Lower Meghna River needs to be investigated further.

Hilsa (Hilsa ilisha) This is an anadromous species which ascends to the Gangetic river systems and which is
extremely important from the fisheries point of view. Studies by the Fisheries Resource Institute (DOF) have
shown that the distribution areas and spawning grounds of this species centre on the contluence of the Padma

and Meghna Rivers, although it enters several of the other rivers in the region.
Vil.2.7 Production Trends at National and District Levels

Fish Catch Statistics published by DOF from 1983-84 to 1989-90 have been used to assess National and District
production. The annual fish production for euch relevant system at these two levels is shown in Table VIIL.2.6
and Figures VI1.2.5a. b and ¢ (Table F.5.1 and Figures F.5. la and F.5.1.b. form Gumti Fisheries Report plus
new figure for Noakhali data). It can be scen that the contribution of each production system to the total catch
i ditferent i these [ovcds At the National level, rivers and tloodplains contribute substantially and in a similer
proportion to the annual total catch in the country. with pond production following closely, especially during
the last three years up until 1989-90. Beel production remains low and shows a declining trend (Table VII.2.6).

Overall the levels of production remain fairly constant.

The production of these systems for the Comilla District is variahle throughout this period, with tloodplain and
ponds contributing mostly to the total catch. followed by rivers.  Beel production appears to be virtually

negligible.
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TABLE

VIL.2.6

Total Catch per Fishery System at National and District Levels

1983-84
National Level
Rivers 207,766
Beels 51.373
F Plains 200,616
Ponds 109,333
Total 569,088

1984-85

213,057
45,893
194,130
111,567

564,647

Old Comilla District Level

Rivers 13,678
Beels 497

F Plains 22,002
Ponds 11,845
Total 48,022

Noakhali District Level

Rivers 24,845
Beels |
F Plains 11,883
Ponds 9,799
Shrimp Farm 0
Total 46,528

Percentage of Total Catch per Fishery System at National

National Level

Rivers 36.5
Beels 9.0

F Plains 35.3
Ponds 19.2
Total 100.0

10,860
267
15,526
17,726
44,379

7.807
1
8,019
14,687
0
30,514

377
8.1
34.4
19.8
100.0

0ld Comilla District Level

Rivers 28.5
Beels 1.0

F Plains 45.8
Ponds 24.7
Total 100.0

Noakhali District Level

Rivers 53.4
Beels 0.0
F Plains 25.5
Ponds Dbl
Shrimp Farm 0.0
Total 100.0
Source:

24.5
0.6
35.0
39.9
100.0

25.6
0.0
26.3
48.1
0.0
100.0

1985-86

206,712
45,258
187,396
123,804
563,170

17,297
337
16,145
17,960
51,739

11,960
1
7,919
15,186
0
35,066

36.7

8.0
33.3
22.0

100.0

33.4
0.7
31.2
34.7
100.0

34.1
0.0
22.6
43.3
0.0
100.0

1986-87

201,152
42,077
183,796
142,876
569,901

17,082
316
15,563
24,077
57,038

15,244
I
9,821
10,460
5
35,531

35.3
7.4
32.3
25.1
100.0

28.9
0.6
27.3
42.2
100.0

42.9
0.0
27.6
29.4
0.0
100.0

VII-11

1987-88

183,817

45,610
182,037
149,423
560,887

13,692
480
15,983
24,983
55,138

16,568
1
9,722
11,344
5
37,640

and District Levels

32.8
8.1
32.5
26.6
100.0

24.8
0.9
29.0
45.3
100.0

44.0
0.0
25.8
30.1
0.0

100.0

1988-89

181,140
47,019
186,126
155,012
569,297

15,345
458
19,069
24,935
59,807

18,966
1
11,164
11,595
11
41,737

31.8
8.3
32.7
27.2
100.0

25,7
0.8
31.9
41.7
100.0

45.4
0.0
26.7
27.8
0.0
100.0

FRSS. DOF. Data for riverine catch for 1989-90 represents the average for 6 years.

1989-90

198,941

46,594
193,762
163,730
603,027

14,659
474
23,972
26,753
65,858

NA
NA
NA
NA
NA
NA

33.0
T3
32:1

202

100.0

22:.3
0.7
36.4
40.6
100.0

NA
NA
NA
NA
NA
NA

N



The production in the Noakhali District was also variahle with rivers contributing substantially to the total catch.
It should be pointed out that mast of the riverine catch consisted of Hilsa (Hilsa ilisha) with about 17.000 MT
out of the total of 19,000 MT. Pond production reached nearly 50% of the total production in the Year 1984-85
and although fuirly variable appears to have stabilized in subsequent years. Floodplain production remained
relatively constant throughout the period, while production from Beels and Shrimp Farms was negligible (Table

VIL2.6).
VIL.2.8 Average Annual Trends

Average annual trends in total fish production at the National level and for the Comilla District level were
calculated and are presented here as an example of the high level of vanation found between the data at the
National and District levels. These production trends were 0.97 % and 5.41 % % respectively (Table VIL.2.7).
National fish production increased from 569,088 to 603,730 MT (an increment of 34,642 MT), while production
in the Old Comulla District rose from 48,022 to an estimated 65,858 MT (an increment of 17,836 MT) (Table
VI1.2.6). Table VII.2.7 and Figure VII.2.6a4 show details of the average annual change in the total catch of
the various production systems in the Old Comilla District. and it emphasizes the differences between these and

the National trends.
VIL.2.9 Percentage Annual Change

The percentage annual change per production system at National and Comilla District levels is presented in
Figure VIL.2.6h. Although differences in trends between the two are clearly marked and could be a reflection
of the differing fishing systems. it was however considered unjustified to use these District trends for the Gumti
study since they are hased on a very small sample (FAP 17 personal communication). Details of the percentage

annual change in production at the District level are given in Table VIL.2.8.
TABLE VIL.2.7

Average Annual Change in Total Catch per Fishery System at National and District Levels from 1983-84
to 1989-90

Fishery Systems National Level District Level
Rivers -0.73 1.16
Beels - 1.64 -0.79
F Plains - 0.58 1.44
Ponds 6.96 14.54
Total 0.97 5.41

Derived from FRSS, DOF Data.
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Figure VII.2.6a

Comparison Between National Level and Comilla District
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TABLE VIL2.8

Percentage Annual Change in Fish Production in Different Fishery Systems

0Old Comilla District

Fishery Systems 83-4 84-5 85-6 86-7 87-8 88-9
& 84-5 & 85-6 & 86-7 & 87-8 & 88-9 89-90
U-L Meghna 32.9 71.7 -1.3 26.9 25.1 6.5
O Rivers 37.3 30.8 =i 1.4 -16.2 2.2
Beels -46.3 26.1 6.2 52.0 -4.5 3.49
F Plains 29.4 4.0 3.6 2.7 19.3 25.71
Ponds 49.6 1.3 34.1 3.8 0.2 7.29
Total -17.6 16.6 10.2 3.3 8.5 10.10

Riverine Data for 1989-90 calculated from the average catch of 6 years.

Despite the decision not to use the District data for the feasibility studies (Gumti Phase [1 and Noakhali North),
further analyses into trends per production system at for the Comilla District were carried out and the findings

are presented in Figure VII.2.7 indicating a very volatile situation. The analysis done for the Comulla District

set of data are presented helow.
VIL.2.10 Production Levels in the Old Comilla District

VIL2.10.1 Capture Fisheries

Meghna and Other Rivers Riverine fish production represented over 22% of the total catch of the Comulla
District in 1989-90. Trends in river production over 7 years can he seen in Figure VIL.2.5b. The percentage
change in annual fish production in the Meghna River (Upper and Lower Meghna) contributing to the District's
total catch shows wide fluctuations from year to year (Figure VIL.2.7). However, the two increments in the
fish catch in the Meghna River appear to correspond to high water levels in the area and the decrease in
production found from 1986-87 to 1987-88 appears to correspond to low water levels recorded during 1986.
The production trend of the Other Rivers in the District show a dramatic and steady decline from 1983-84/1984-
85 to 1987-88/1988-89. after which it shows a slight improvement (Figure VII.2.7). Overall riverine production
increased by 1.16% in the District in the 7 years from 1983 to 1990. The overall estimated total riverine catch

roor the Comiila District tor 1988-89 is shown in Table VIL2.9.

Beels Beel production represented only 0.7% of the total catch in 1989-90 (Table VIL.2.6, Figure VIIL.2.5b).
However. annual changes varied considerably throughout the period from 1983 to 1990, despite such low levels
(Figure VIL.2.7). The two peaks in the trends in 1984-85/1985-86 and in 1986-87/1987-88 also appear to he

a response to increased water levels during those years, Overall Beel production declined by -0.79% trom 1983

to 1990.
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TABLE VIL.2.9
Estimated Total Catch of Riverine Fisheries on the Basis of Catch Assessment Survey
District Total by Rivers in MT
Code  Type of Fish July  Aug. Sep. Oct. Nowv. Dec. Jan. Feb. Mar. Apr. May June Total
0l Major Corp 0 3 3 86 95 109 30 31 30 25 16 12 144
02 Other Corp 0 0 0 13 20 10 6 4 4 4 3 I 23
03 Catfish 2 4 3 24 44 87 33 33 19 23 17 14 139
04 Snake head 0 0 0 1 I 3 3 4 I | 0 0 9
05 Live fish 0 4] 0] 0 0 0 1 1 I 0 0 0 3
06 Other inland fish 177 206 206 814 588 487 450 246 215 278 168 230 1,587
07 Hilsa, ilish 537 979 2,533 240 210 191 3.23] 283 230 206 175 611 4.736
08 Bombay duk 0 0 0 0 0 0 0 0 0 0 0 0 0
09 Indian salmon 0 0 0 0 0 0 0 0 0 0 0 0 0
10 Pomfret 0 0 0 0 0 0 0 0 0 0 0 0 0
11 Sharks & Rays 0 0 0 0 0 0 0o 0 0 0 0 0
12 Other Marine fish 0 0 0 0 0 0 0 0 0 0 0 0
13 Big prawns &
shrimps 1 2 3 49 18 17 10 7 1 0 7 3 28

14 Small shrimps 40 43 e 53 47 49 49 38 35 46 54 50 272
15 Crabs 0 0 0 0 0 0 0o 0 0 0 0 0 0

Total 75 1.237 2,793 1,280 1.023 0953 3.813 647 536 583 440 0621 6.940
Source: Department of Fisheries
District: Comilla, 1988 & 1989

Floodplain There is a general positive trend in floodplain production although not a dramatic one, and it represents over 36 %
of the total catch in 1989-90 (Figure VI1.2.5bh). Overall, tloodplains contributed slightly more than rivers to the total catch

in the 7 year period, showing an increase of 1.44% (Figure VIL2.7).

VI1.2.10.2 Culture Fisheries
The contribution from pond production to the total Comilla District catch in 1989-90 was 40.6 % (Figure VII.2.5b, Table

VI1.2.6). Overall, the increase in pond production in the District during the period was 14.5 %, substantially higher than any

of the trends of the other systems. However, there was a sharp decline in production during 1984-85/1985-86.
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VIL.2.11 Open Water vs Pond Production

In general, pond production in the Comilla District shows an inverse relationship to capture fisheries production
in all open water systems (i.e. rivers, Beels and tloodplains) (Figure VIL.2.7). With the exception of the fish
production in the Meghna River, there was an improvement in the production of all other systems during 1988-
89/1989-90. This might be due to an increased availability of fish in open water fisheries after the high floods

of 1987 and 1988 as shown by the higher catches in these systems during the same period.

According to SPARRSO (1984), there is a high pond concentration in both the Comilla and Noakhali Districts
(120,608 and 99,781 respectively). Traditionally, ponds have been grouped into three categories: cultured
(58 %), culturable (30%) and delelict (12%). However, the proportion of Culturable and Derelict ponds do not
appear to reflect reality as they are similar for both Districts. It is understood that the proportion of Culturable

and Derelict ponds is estimated from the number of Cultured ponds.

There are important aquaculture developments in both Districts. In Comilla, the Rotary Club has been carrying
out training programmes and has been developing pilot integrated farming projects with impressive results.

Please refer to the 1993 Gumti Phase [ Draft Final Report for more details.

VIL.2.12 Existing Culture Fisheries in the SER
VIL.2.12.1 Hatcheries and Nurseries

The existence of hatcheries and nurseries might serve as vood indicators of the development of aquaculture in
an area. The south-east region appeares to lead in fish culture in general. The 1988 data (Table VIL.2.10)
shows that there were 14 fish seed tarms with hatchery and nursery facilities under the public sector in the area.
The actual production capacity of the farms has not been available, however the target production was 464 kg
of spawn and 7 million fry/fingerlings: the actual production achieved in one recent year was 269 kg of spawn
and 4 million fry/fingerlings. Figure VI.2.8 shows the locations of the major and minor hatcheries in the
region. In the private sector on the other hand. the figure for the same period shows that there were 85
hatcheries and 730 nurseries in the area. The total capacity of production was about 9 000 kg of spawn and
about 400 million fry/fingerlings, the actual production being obtained was about 3 000 kg of spawn and about

280 millions try/fingerlings.

In Noakhali, the production of tish seed and fingerlings is notable and the Raipur Hatchery and Training Centre

has been instrumental in developing this activity in the area.
VIL.2.12.2 Private Fish Farming

Together with the development of hatcheries and nurseries in the area, private fish farming on a commercial
scale has also been under way. The 1988 data (Table VIL.2.11) on the number of private fish farms in the
greater Comilla and Noakhali areas show that there were a total of 97 fish farms, the total capacity of
production of the farms was 356 tonnes with the actual production being 215 tonnes. The area of the individual

fish farms is not known, thus the production per area of water cannot be calculated.
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Hatcheries and nurseries - Production (1988)

TABLE VIL.2.10

Public Sector
Spawn Fry/fingerling

Name of Target of Actual Target of Sctual
place production  production production production

(kg) (kg) (Nr) (Nr)
Feni Sadar 25 15 200 000 144 000
Chaumohoni 20 19 100 000 185 000
Raipur 210 132 3 800 000 1 720 500
Kachwa 15 7 250 000 12 400
FRI'S riverine - 50 - -
Station. Chandpur
Jangalia 50 hE 405 000 460 000
Burichang 15 4 100 000 16 000
Chouddagram 16 6 305 000 368 000
Debidwar 20 0 350 000 452 000
Laksham 10 10 360 000 395 000
Chandina 10 200 000 97 000
Brahmanbaria 8 3 200 000 51 000
(Sadar)
Private Sector
Lakshmipur 2 950 617 64 500 000 45 900 000
Noakhali 305 104 29 180 000 11 029 000
Brahmanbaria 360 197 37 000 000 27 300 000
Feni 565 136 41 000 000 33 100 000
Chandpur 280 109 33 300 000 23 100 000
Comulla 4 255 1 867 263 700 000 137 300 000
Source:  Department of Fisheries
ANK-VIIE
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Private farms - Production (1988)

TABLE VIL2.11

Name of area Nr of Capacity of Actual

farms production (tonnes) production (tonnes)
Lakshmipur 8 59 38
Noakhali 25 134 52
Brahmanbaria 29 44 30
Feni 31 74 67
Chandpur B 45 28

97 356 215
Source:  Department of Fisheries

TABLE VIL2.13

Species Composition (percentage by weight) of Pond Catch

Species Comilla Noakhali
Rohu (Labeo rohita) 34.62 34.88
Catla (Catla catla) 28.38 31.14
Mrigal (Cirrhina mrigala) 19.93 19.43
Minor carp 7.95 3.34
Silver Carp (Hypophthalmichthys molitrix) 5.42 0.00
Tilapia O. niloticus Q. mossambicus 0.00 1.14
Shrimp 0.23 0.00
Boal (Wallago attu) 0.54 0.00
Shol/Gajar/Taki (Channa Spp.) 0.11 0.00
Shing/Magur (H. fossilis/C. batrachus 0.4 0.00
Puti (Puntius Spp.) 0.54 0.00
Others .79 9.78
ANX-VIIF
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TABLE VIL.2.12

Fish Ponds by Thana

DISTRICT & Total Number of Ponds Total Area of Ponds (ha)
Thana i
Total Cultured Culturable Derelict Total Cultured Culturable Derelict
CEAHMMNBARTA 36 w27 21 750 16 212 4 1oL 3 852 7 594 RRBS 373
Akhaura 1 B26 1 049 536 241 202 136 47 19
Ashugani
Bancharampur 3 361 1959 1 002 400 378 254 87 37
Brahmanbaria 9 041 5271 2 694 1 076 10316 684 234 98
Kasba 3 787 2 208 1 128 451 426 287 98 41
Habinagar 6 579 3 B36 1 961 782 740 498 170 72
Nasirnagar 5 538 3 229 1 650 659 623 419 143 60
Sarail 5 965 4 228 1 241 496 468 315 108 45
CHANDPUR 30 247 17 634 9 014 3 599 3 400 2 289 781 329
Chandpur 5 917 3 450 1 763 704 665 448 153 64
Faridgang 4 213 2 456 1 256 501 474 319 109 46
Haimchar 2 367 1 380 705 282 266 179 61 26
Hajigang 3 455 2 014 1 030 411 388 262 89 38
Kachua 4 307 2 511 1 284 512 484 326 111 47
Matlab 7 195 4 195 2 144 856 809 545 186 79
Shahrasti 2 793 1 628 832 333 314 211 72 30
COMILLA 56 091 32 701 16 715 6 675 6 437 4 245 1 543 650
Barura 4 402 2 566 1 3312 524 495 333 114 48
Br .hmanpara 2 461 1 435 733 293 277 186 64 fad)
Burichang 2 B87 1 683 860 344 325 219 74 Az
Chandina 3 692 2 153 1 100 439 415 279 96 40
Chouddagram 4 923 2 870 1 468 585 553 372 127 Z4
Daudkandi 6 674 3 891 1 989 794 749 505 172 71
Debidwar 4 213 2 456 1 .255 502 474 319 109 46
Homna 3 077 1 794 917 366 467 233 160 74
Comilla Kotwali 5 254 3 063 1 566 625 591 398 136 57
Laksham 8 473 4 940 2 525 1 008 952 641 219 2
Muradnagar & 201 3 615 1 B48 738 709 469 172 68
Nangolkot 3 B34 2 235 1 142 457 431 2590 99 42
FENI 12 023 7 009 3 583 1 431 1 351 210 311 131
Daganbhuiyvan 3 597 2 097 1 092 428 404 272 93 39
Feni 3976 2 318 1 185 473 447 301 103 43
Sonagazi 4 450 2 594 1 326 530 500 337 115 48
LAKSHMIPUR 25 987 36 675 18 747 7 486 2 921 1 967 671 283
Lakshmipur T 952 4 636 2 370 946 894 602 205 87
Raipur 3 408 1 987 1 015 406 383 258 88 37
Ramganj 3 077 1 794 917 366 346 233 79 34
Ramgati 11 550 6 734 3 442 1 374 1 298 B74 298 126
NOAKHALT 36 921 21 524 11 003 4 394 4 150 2 795 954 402
Begumganj 7 479 4 360 2 229 890 841 566 194 81
Chatkhil 2 461 1 435 733 293 277 186 64 27
Companiganj 4 923 2 B70 1 467 586 553 i72 127 54
Senbag 2 935 1. 711 875 349 330 222 76 32
Sudharam 19 123 11 148 5 699 2 276 2 149 1 447 494 208
Total 197 366 126 561 63 773 25 493 22 112 14 80O 5 145 2 168
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VIL.2.12. Culture Fisheries Production

According to DOF (1988-1989) data, the total production obtained from ponds from the greater Comilla and
Noakhali areas was estimated to be 24 935 tonnes and 11 595 tonnes respectively. Table VIL2.12 shows the
total area and of ponds in the study area by thana. Yield data is of poor quality but the thana statistics are based
on yields of about 1 200 kg/ha, 640 kg/ha and 690 kg/ha for cultured cultivable and derelict ponds respectively.

Yields may reasonably be expected to double with proper management in controlled flooding conditions.

The composition of species in the pond production/pond catch is shown in Table VIL.2.13. In total, at least 12

different species and five species groups are known to be obtained from pond production.

VIL.2.12.4 Population Engaged in Fisheries Activities

There is a dearth of data on the actual number of tull-time and subsistence fisherman in South-East Region as
a whole. [t would be assumed that the number and proportion of the people engaged in fishery either as full-
time fishermen or as subsistence fishing would vary from area to area, and it would be safer to assume that the
number and proportion would be higher in those areas which have more potential for capture fisheries (Table
VIL.2.14). The rapid rural appraisal conducted at a few of the thanas of the region revealed that about 2% of
the population are engaged as tull-time tishermen and about 5% of the population catch tish on a subsistence

basis.

However. it should he pointed out that the number of fishermen, or fishing households, in the Region vary

according to their surrounding environment and the type of fishing systems in the area.

In the Gumti Phase 11 and Noakhali North study areas, for example. the number of fishing households was
estimated from information received from the Thana Fisheries Office survey. This indicated the number of
fishermen per Thana and the number of households in the area as per the 1981 census (BBS. 1981) for the
Gumti study and the 1991 census (BBS. 1991) for Noakhali North. It was assumed that there was one
fisherman per fishing household and that these households were uniformly distributed through the project area.

It would he valuable to verity these data from the 1991 BBS census tor both studies when this census becomes

available.
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TABLE VIL.2.14

Number of Rural Population Involved in Fishing

Nr of Fishermen

Name of Thanas Full-time Subsistence Total population
1. Sarail 3 250 3 750 198 005
2. Nasirnagar 10 000 15 000 250 000
3. Madhabpur 200 30 000 194 710
4. Nabinagar 3 300 61 519 335179
5. Bancharampur & 000 19 500 222 705
6. Homna 5100 69 685 250 000
7. Hajiganj 2 000 4 000 221 176
8. Matlab 2 000 25 000 434 680
9. Chandpur 8 600 3 000 336 539
10. Lakshmipur 7 385 6 000 473 611
11. Daganbhuiyan 2 015 4 500 160 722
12. Sudharam 1 169 53 730 542 000
13. Chauddagram 160 4 000 366 002
Total: 53179 294 684 4 005 529

Gumti Phase 11

Table VII1.2.15 shows details of these results per zone for the 1993 Gumti Phase 11 study. In total, there were
167,162 fishing households in the Gumti Phase 11 arca equal to 57% of the total households in the area. of
these, 16.458 (5.6%) were full time, 34,895 (11.9%) were part time and 115,809 (39.5 %) were occasional.,
The data was analyzed according to the four zones in which the Gumti study area had been divided. Zone A,
consisted of slightly higher ground, followed by Zone B: Zones C and D were located in the deeply flooded
region of the project area. For a detailed explanation of the Zones and their differences please refer to the

Fisheries Annex F of the 1993 Gumti Phase Il Draft Final Report.

In Zone A. the total number of households was 14,129, 23% of the total number of houscholds in the study
area. and represented 23 % of the total number of households in that zone. The proportion of fishing households
was very similar in Zones B and C with 47.7% (25.354) in Zone B and 48.6% (40,012) in Zone C. Not
surprisingly. the largest number of fishing houscholds was found in Zone D, which had 87,667 (90%).

This interesting progression in the number of fishing houscholds per zone from Zone A to Zone D follows a

similar pattern to the one shown by the production figures for open waters in the Gumti Phase II project area

(see Table F.7.4 in the 1993 Gumt Phase Il Draft Final Report).
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TABLE VIL.2.15

Number of Fishing Households in the Gumti Phase II Study Area

Number of Fishing Households

Number of Full - % Part - e Occasional % Total %

Households Time Time
Zone A 61.140 1.207 2 1.488 3 11.034 18 14,129 23
Zone B 53,193 2.173 4 3.374 6 19.807 37 25,354 47.7
Zone C 82.281 7.650 9 11.270 13 21.092 26 40.012 48.6
Zone D 96.653 5.428 6 18.363 I8 63.876 66 87,667 90
Total 293.267 16.458 5.6 34,495 1.9 115.809 39.5 167.162 57

Source: BBS 1981 Census for Number ot Households.
1993 Gumti Phase 1l Thana Fisheries Office Survey for Number of Fishermen

Noakhali North

Table VIL.2.16 shows details of the results per zone. In total, there were 60,698 fishing houscholds in the
Noakhali North project area equal to 15% of the total households in the area. Of these, 16,352 (4.1 %) were
full time. 3.889 (1%) were part time and 40,457 (10%) were occasional. The proportion of fishing households
varied from zone to zone and not surprisingly. the largest number of fishing households was found in Zone A
(adjacent to the fish-rich Meghna River), where the total number of fishing households was 9,957, representing
19.6% of the total number ot households in that zone. It is assumed that the vast majority of these fishermen
actually fish the waters of the Meghna River as shown by the proportion of full time fishermen in this zone as
well as in Zone D. The overall number of fishing houscholds in Zone C was higher than expected although
in this zone. the proportion of occasional fishing households was the highest. It would appear that full time and
part time fishermen concentrate their effort on the riverine areas such as Zones A and D (adjacent to the

Meghna and the Dakatia Rivers), whereas occasional fishermen converge on the areas of floodplain.

Interestingly, the proportion of fishing households as 4 whole was very difterent in the two areas, with only the

proportion of full-time fishermen being similar.

This type of situation clearly emphasises the need for detatled analyses prior to any deveiopment witiin the
SER. especially at the pre-feasibility and design level, as there are likely to be a wide range of differences in

the various planning umts with the Region.
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TABLE VIL2.16

Number of Fishing Households in the Noakhali North Study Area

Number of Fishing Houscholds

Number of Full - W Par - T (ccasonal % Toual %

Houscholds Time Time
Fime A sn 785 3,204 6.5 £33 1 [ERORTY 11:9 Q.957 19.6
Zone B 114.383 917 0.8 33 .34 12.081 10.6 13,401 18 s
Zone C 87.462 2.070 2.4 471 0.54 12.335 14.1 14.876 17
Zone D 145 841 10,061 6.9 2352 .6 10,011 6.8 22.464 15.4
Tonal 3O8. 441 16.352 4.1 3.BRG 0.98 40,457 10:2 601698 5.3

Source: 1991 estimates of population and BBS 1991 Census for Number of Households.

1993 Noakhali North Thana Fisheries Office Survey for Number of Fishermen

VII.2.12.5 Market Price for Fish

An RRA conducted on market prices for fish in 11 different thanas of the study area revealed that prices for
the different fish groups are similar in all the thanas. however, prices for some fish do vary according to fish
the location of the thana with regard to natural fish resources and/or availability due to production. The held
visits were made during March-April, 1991 and as the season was towards end of the dry season when tish are
mostly caught from open waters, the prices are more likely to represent the usual price for the fish group. The

prices were noted on the following major groups of fish (Table VILZ.17).
TABLE VIIL2.17

Fish Price Tk/kg (March-April, 1991)

Major Minor Cathish Shol/  Small Shrimp Hilsa

Carp Carp Shal fish
Sarail 40 35 40 20 12 200 30
Nasirnagar 35 - 45 - 15 150 X
Madhabpur 55 23 90 25 18 175 X
Nabinagar 50 28 60 25 13 240 50
Banchharampur 50 40 55 33 25 250* 45
Homna 50 40 55 - 15 100 35
Dhaganbhuiya 55 35 75 - 23 175 35
Chauddagram 60 35 80 20 20 - 45
Chandpur 50 30 60 - 20 150 40
Matlah 40 - 35 20 20 180 40
Sudharam 35 20 45 25 15 200 25
Note: - indicates no price available

X indicates species is not available

the rate of Tk 250 per kg applies when the average weight is about 100 gm: 1f the average
weight drops to 35 ¢m the price falls to Tk 115/kg.
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VIL.2.6.7 Shrimp Farming Activities
(a) Introduction

During the last two decades or so, shrimp farming has become one of the most attractive investments in many
coastal areas of Bangladesh. Shrimp has become the fourth most important foreign exchange earner. The shrimp
export statistics do not show the amount of freshwater and brackish water shrimps; however, it is apparent that

the bulk of the exported shrimps are of brackish water origin.

The brackish water shrimp forms the bulk of production because of its higher profitability due to several factors.
The available higher international market is one of the main reason of the growth of farming of the species.
Moreover. brackish water shrimp have faster growth rates, higher natural availability of seed and higher
production per unit area than the freshwater species. One other main reason for the rapid expansion of the
brackish water shrimp farming in Bangladesh is the comparative easy access of suitable coastal lands tfrom the
public sector against negligible fees, compared with the costs of water bodies suitable for freshwater shrimp

culture.

During the last few years there has heen an increasing trend of export earnings from freshwater shrimp in
Bangladesh. Many countries of the world, especially Asian countries have taken up elaborate plans to culture

the treshwater shrimp and have reported profitable financial returns.

The life cycle pattern of the freshwater shrimp is different from that of the brackish water shrimp. They do
have overlapping ecological parameters in their life cycle, in that, although both of the two groups spawn in
the estuarine area, the freshwater ones migrate at their juvenile stage to the inland freshwater areas while the
hrackish water ones spend their whole life in the saline waters. In Bangladesh, the brackish water shrimp
Penacus monodon is mainly cultured in three coastal districts of Satkhira, Khulna and Cox’s Bazar. There are

a few freshwater shrimps of which, Macrobrachium rosenbergii (giant treshwater shrimp) is the most suitable

one for culture. This species can be introduced very easily in the pond aquaculture systems of Bangladesh.
(b) Shrimp culture in the coastal bheries of Noakhali District:

Not many coastal bheries have so far been developed for hrackish water shrimp farming in the Noakhali area.
DANIDA 1989 listed six bheries of total 80 ha of water area in the Sudharam thana. The situation is atypical
there and development has not yet occurred as in the coastal districts of Satkhira, Khulna and Cox’s Bazar,
Although the bheries have heen constructed for aquaculture, as these are mostly rainfed, there is no scope for
using those exclusively for brackish water shrimp farming, instead, the bheries have been planned to be used
for one monoculture of freshwater shrimp (July-January) and one monoculture of brackish water shrimp
(February-June). The bheries do not have access to tidal flooding to ensure supply of saline water and as such
there have to he arrangements for pumping saline water from nearby rivers, but the river is silting up very

rapidly. thus making that provision more difficult.
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(c) Freshwater Shrimp Farming

The Noakhali area in general. appears to have pone ahead in culturing freshwater shrimp in polyculture with

carp in ponds, road-side ditches and in confined rivers and irrigation canals.
I. Culture in Ponds

Though K. rosenber¢ii is a potenuaiiy important species io be introduced in the pond culture systems of
Bangladesh, very little effort has so far heen made on the experimentation of the aquacultural aspects of the
species. Several sporadic experimental attempts were made. some by NGO and others by the government,
however, the results with respect to growth, production and survival are very variable. At its Mymensingh
station the FRI is conducting a research project on the polyculturing of freshwater shrimp with carp.  The

results of the research project are not yet available.

In Noakhali area, fish culture in ponds has a good base. especially due to the development projects activities
of Raipur Fish Hatchery and Training Centre and the DANIDA assisted carp culture development project under
the Noakhali Rural Development Project. These development activities have led to stocking of treshwater shrimp
together with carp in ponds. The common practice 1s to stock a few shrimps along with different species of
carp. The practice is limited and at the same time widespread with little regard to stocking density, feed and
fertilisation of the ponds. There 1s no information on the survival rate of the prawn stocked. There is not an
available statistics either on shrimp culture in the old Noakhali district and the DANIDA report on the socio-
economics of shrimp tarming indicated that the statistics are fragmentary and based on estimates. However, the
report suggests that the number of ponds under shrimp-carp polyculture is increasing in recent years though on
a very limited scale, The report quoted the District Fishery Officer, Lakshmipur as saying that in 1989 a total
of 73 ponds were under fish-shrimp polyculture which 15 0.4 % of all ponds of the district and 1.3 % of the

total existing cultured water area.

The reasons of the existing limited practice of the polyculture systems are lack of shrimp seed, either collected
from nature or produced in a hatchery. and lack of proven culture technology that could be demonstrated to the
farmers. Such technology could be based on better growth and production and gradual turnover to monoculture

with the provision of higher stocking density and intensive feeding.
2 Shrimp culture in confined rivers, irrigation canals, and roadside ditches

As mentioned above. the initiation of the practice of polyculturing freshwater shrimp with carp is linked with
the development of pond culture in general. in the greater Noakhali area the technical and management inputs
have been provided by the development projects. However, aquaculture in the waters like large enclosed nivers.
irrigation canals or in the road-side ditches, has not been started commercially. As one would know, the area
has extensive areas of water under the above categories and thus provides an excellent opportunity to extend
the pond aquacultural technologies. At present a few entreprencurs have started. DANIDA 1989 reported
aquacultural activities in a cut-off in the Dakatia river near the Hajimara regulator where a 2 km section of the
5 km long and 45-50 m wide river slope has been converted into a shrimp-fish farm by providing an earthen
dam. Another such area suitable for shrimp-fish farming is a closed section of the Darianadi river that extends
a few kilometres upstream from the BWDB s Darianadi sluice gate where it is closed by a privately constructed

sluice gate.,
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Shrimp culture with fish is heing done on a very limited scale in the irrigation canal of CIP in Lakshmupur
district and in the MIP canal in Feni district. As has been said., the level is widespread with regard to stocking,
teeding and fertilisation ete. In the CIP canals. at several locations, many private persons are at present engaged
in shrimp-polyculturing with fish and their activities appear not to be officially approved of by the authority.
The canals is under the control of the BWDB and utilisation of the water. it is feared, would damage the

embankment.

There is a serious need to resolve the rights to use of the waters: the DOF can be given the right to use water,
so that it can test and demonstrate the practice of fish-shrimp polyculturing in the waters without altering the
existing physical condition of the embankment. OFf late, the DOF has obtained approval to use the waters of

CIP and MIP for stocking with fish as a culture-based capture fishery development.

The situation of shrimp farming in the road-side horrow pit is the same. Although detailed statistics are lacking,
in the DANIDA report on the socio-economics of shrimp farming in the Noakhali area. it is suggested that
quite a large stretches of the borrow pits in the area are now stocked, though at a very low rate and mainly with
fish. Very occasionally the people put shrimp in the pits, but not in any planned way. The borrow pits result
from road construction. They are mainly seasonal and dry up in the winter. The pits also function as drainage
channels during the monsoon and thus the present aquacultural practices in the pits hamper to an extent, the
drainage functions, as many earthen dams are constructed to hold water. There are huge borrow pits along the
road leading from Begumganj via Sonaimuri, to Chatkhil and Ramganj. At present some aquacultural activities
are going on in these waters but on a very limited scale; there is however big potential for development of
shrimp-fish polyculture in these waters if some technical improvements are undertaken, for example drainage

provisions with sluices to prevent flooding.

Freshwater shrimp polyculture with fish is not known in the greater Comilla area, however shrimp as a capture
fishery in the Meghna, Dakatia, Gumti, and Titas rivers is important. As the study area is bounded by the
Meghna from north to south, a considerable fishery for shrimp does exist in the area. A study of seven thanas
of the area revealed that a total of 6 000 ftishermen are engaged in full time fishing on shrimp in different waters

of the area with an annual total production of 61.5 tonnes of shrimp.
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VIL3.1

CHAPTER VIL3

SUPPORT SERVICES

Involvement of Department of Fisheries

Other than the regular admimistrative and management arrangement under the revenue head the DOF works in

the study area under tour main development projects. /A briet accoun! of the mcas aud the prajoct activitics is

given below:

(a)

Integrated Fisheries Development Project

This is a three year project which started in 1987/88, and the first phase ended in 1990. The second phase for

another three year is under approval. The project has seven different sub-project activities, these are:

{80

L]
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Improved management of natural spawn fishery in Halda River,

Pond fish culture development in the rural areas; under this sub-project 15 mini hatcheries will be
constructed in 15 different thanas throughout Bangladesh, of which three thanas fall within the
region, the thanas are: (i) Nasirnagar, (ii) Nabinagar and (i11) Bancharampur, all in Brahmanbaria
District. There will be arrangements for spawn production and fry raising, however at present. only

the hatchery at Nasirnagar is under construction.
Aquaculture development in public waters in and around Dhaka.

Establishment of fish sanctuaries for conservation in and management of open water fisheries, this

sub-project does not have work within the region.

Development of fisheries in the irrigation and flood control project areas e.g. South Dakatia River,
Muhuri River. Gohala River, and Chunar River; the Chandpur Irrigation Project falls within the
region; it has been gathered from DOF that the activities for the sub-project have started in CIP; the
programmes there include bringing the entire water area in CIP under artificial stocking; the total
water area within CIP is estimated at 2 800 ha of which, the project proposes to bring 2 000 ha
under stocking. A 25 ha nursery pond area will be developed and 5" (125 mm) size fingerlings will
he stocked in the open waters of horrow pits, the South Dakatia river and 1n the canals, the project
has established an office at Chandpur and until now has stocked 4 km of the borrow pits on both
side of the Char Bagadi Pump Station, the 1991 further programme under the project was cleaning
of the water hyacinth from South Dukatia with wheat obtained from Food For Works (FFW)

programme in association with the CIP,

In Muhuri Irrigation Project there 1s a similar programme to stock the Muhuri Reservoir:  the
project has established on office at Feni: no stocking has so far been made in the reservoir, the
DOF has obtained 15 ha of land from the Bangladesh Water Development Board (BWDB) to
construct a hatchery near the regulator area: the production capacity of nursery will be 600 000 of

fingerlings per year.
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6. Culture based flood plain fisheries development, this sub-project does not concern the region.
7. Survey of public water bodies, how far progress has been made under this sub-project is not known.
(b) Second Aguaculture Development Project

This Asian Development Bank (ADB) tunded project run for a five year development period which terminated

in June 1992. The project had tour different components. These were:

- Shrimp culture development,
- Carp culture development,
- Culture based floodplain fisheries development and.,

- General implementation and institutional support.

Out of these four components, only the second component concerns the Region. Under this component there
were programmes of establishing demonstration ponds in about 6-7 ponds of 181 thanas in 21 districts. There
were credit components of the programme to be given to the pond owners. All the thanas of greater Comilla

and Noakhali tall within the programme, stocking of ponds for demonstration has started in 27 different thanas.
(c) Institutional Strengthening Project

This is a Food and Agriculture Organization/United Nation Development Program (FAO/UNDP) funded project.
It is mainly connected with the institutional building of the DOF. However, it has a programme on fisheries
training and extension system development. Under the extension part, the project will work among other areas
of the country, in Daudkandi, Muradnagar and in Chauddagram. where carp polyculture technology will be

demonstrated.
(d) New Fisheries Management Policy

The inland open water capture fishery in the forms of river, canal, floodplain, haor, boar and beel constitute
more than 30 % to the total fish production of the country. The production from the sector is declining at an
alarming rate due to many reasons, proper management and conservation ot the fishery has become imperative.
At present the fishery is managed and looked atter by several Departments through which waters are leased out
to fishermen's co-operatives but. due to the poor socio-ecconomic conditions of the fishermen, and weak
organisational set up of the co-operatives, they cannot act as the lease holder, instead the local elite tend to
control the situation. Through this system the conservation and sustainability of the fishery resources decline

year after year,

As such in 1986 the yovernment decided to formulate and adopt a new fisheries management policy. Under this
policy. a licensing system was introduced n place of the leasing system of the water bodies. The genuine
fishermen’s groups or co-operatives are heing identified and will be given a license to fish in the waters under
vovernment supervision and control. Through this system, it is hoped that the fisheries will be more controlled

by the creation of some sort of identify with the tishery in the mind of the fishermen.
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Under this policy. initially ten jalmahal were selected from throughout Bangladesh. Subsequently jalmahal from
twelve sites covering three environmental situations such as flowing river, dead river (haor) and beel/haor were
taken and put in experimental management under different organisational set up and management issues.  After
the experimental trials were over, 300 jalmahal from all over the country have now been put under the new

management policy and the following jalmahal have been included in the st
Comilla:

- Noabad fishery

- Nalia fishery

- Curzon khal fishery

= Mara Titas fishery

> Dakatia fishery

- Daudkandi Thana fishery
- Nalchar fishery

- Khairapur fishery
Brahmanbaria:

- Meghna river, Sarail arca

- Meghna river. Brahmanbaria Sadar
- Meghna river. Bancharampur

- Titas river, Nabinagar

- Dhaleswari beel, Nasirnagar

- Titas river
Block A Brahmanbaria Sadar
Block B Sarail

Chandpur:

- Dhonagoda-Gumti

- Dakatia river

- Dakatia river (Hajiganj)
- Khidirpur-Gangamandal
- Meghna balaria

- Eklashpur Kol

. Baro Feni river Machhmohal
- Selonia rniver
- Little Feni river Machhmohal (Sonagazi)

- Little Feni river downstream.
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Lakshmipur:

= Daimandi-Mahendra khal

Noakhali:

- Meghna river

VIL.3.2 Fisheries Research Institute’s involvement in the SER

The Fisheries Research [nstitute (FRI) was established by a Presidential Ordinance in 1984. Before that. both
fisheries research and management were looked after by the DOF. The FRI has four
different research stations located at ditferent places of the country to carry out environment specific adaptive

research. The stations are:

1. Fresh water station (pond aquacultural) at Mymensingh.

2. Riverine station (river and other open waters) at Chandpur.
3. Brackish water station at Khulna and
4. Marine and Technological station at Cox’s Bazar

The head-quarters of FRI are located at the freshwater station campus in Mymensingh.

The riverine station at Chandpur comes within the SER and conducts problem oriented riverine and open water

research connected with management and conservation of fisheries.

At present there are ten different on-going research projects which are at various stages of completion and three

projects have heen completed. The projects are:
- Hilsa fishery development and management,
- Artificial reproduction and pond culture of pangas Pangasius/pangasius,
- Paddy-cum-shrimp culture,
- Toxicity of rice pesticides to fish and shrimp,
- Limnological studies on Kaptai lake,

- Population dynamics and stock assessment studies on Kaptai lake,
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- Culture of fish in pens and cages.

= Hatchery production and pond management.
Completed projects are:

- Inycitigation inte the putritions] requirements of major carp,

= Survey of reproduction areas of riverine fish and,

- Investigation on local fish toxicant.
The role of the Chandpur station of FRI in riverine and open water capture fisheries research and technology
derivation and conservation of the fishery is significant. The completed projects on local fish toxicants and

survey of major carp reproduction areas have came up with important findings and suggestions. With regard

to Hilsa stock/strains assessment and spawning hiology. the team. discerned the spawning area of hilsa in the
Padma-Meghna river systems for the first ime. Pen and cage culture of fish offer promise for developing
culture systems in the various seasonal and perennial waters. The station has started a pilot project on pen
culture in the horrow pit of CIP and similarly cage culture trials have been conducted in the Kaptai lake. Other
project works are  Macrobrachiun integrated farming with paddy. and rice pesticides toxicity on fish/shrimp.

these are remarkably important and relevant for capture fishenes in general.

VIL3.3  DANIDA Activities

There 1s a DANIDA assisted programme called Noakhali Integrated Rural Development Programme (NIRDP).
It's Phase 1 was completed in 1982, the second Phase, called Noakhali Rural Development Project was recently
completed with regard to the assistance to the agricultural extension services through training and
demonstrations, availability of credits. formation of co-operatives and making provision of minor irrigation and
drainage in the greater Noakhali area. the programme on fisheries 1s one of the above activities :

The main objectives of the fisheries component are:

- To increase fish production. so that more fish are available for local consumption.

- To create financial means through surplus of production, so that poor fishermen can organize

themselves.

These broad ohjectives are met by the following activities:

- imparting skill training to the resourceless farmers,

= production of fish fry and fish fingerlings in the fish seed farms and in the private ponds.
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= Repair of pond embankments.

- Development of induced breeding technique.

= Development of nursery operation techniques, both in government and private nurseries
- Promotion of marketing facilities of the co-operatives.

During Phase I of the programme, significant achievements were obtained in pond aquaculture development.
This was accomplished through formation of landless co-operative members and simultaneous research on short-
term critical aquacultural problems. During the period in question, 25 ponds were leased out to 22 landless co-
operatives and three Krishak Samabaya Samities (KSS), consisting of a total of 1 067 members; the total pond
area involved with the co-operatives and the KSS was 33 ha. The total share deposits and savings of the co-
operatives accounted to Tk 65 800 and Tk 8 104 respectively. The amount of net profit for the co-operatives
stood at Tk 110 800 which was further expected to rise at Tk 400 000 when the final harvest of the fish would
be made. The co-operative movement appears to have been highly successful in the greater Noakhali area.
Many villagers have shown their interest. The private pond owners are now becoming interested in fish culture.
The lease values of various ponds are increasing, many members of the co-operatives who have homestead

ponds. are interested in nursery operation or culturing indigenous small fish in their ponds.

The individual farmers and the co-operative members receive support form the programme through free
distributions of fry/fingerlings (after the completion of training). technical assistance in spawning and hatchery

operation and procurement and free distribution ot hormones (HCG) and chemicals.

A large number of training courses were conducted to provide training for the private pond owners and co-
operative members on various topics. These training was conducted at the Raipur Fish Hatchery and Training

Centre. An account of the training conducted up to December 1987 is as follows: i Nk
2
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Topic Trainees Numbers

Fry raising and fish culture Farmers, Co-operative members 1 184

Refresher course (1 day) Contact farmers 2 832
Fallow up course (5 days) Co-operaiive members 695
Establishment of training pond Villagers 200

Compost preparation

Contact tarmers

870
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In addition to the above training, field demonstrations, including farmers™ rallies were held on the subject of

compost preparation, fish culture in paddy fields and fertiliser trials.

The research component of the programme is looked atter by staff from the Dhaka University Zoology
department. Appreciable results are reported to have heen obtained with respect to polyeulture of fish. growth.
life history. food and feeding hahits, stocking rate. predation control, teeding and fertilisation of the ponds

‘“-ERE'E-] evaluuation rr'p-)rl‘i.

Building up of infrastructure for extension programmes has been accomplished through the construction of three
training centres at Feni, Lakshmipur and at Begumganj and also a spawning unit and shallow tubewell have heen

installed at Lakshmipur government hatchery.

A haseline survey on the pond aquacultural resources of the greater Noakhali area was conducted in 1986. This
survey has further formed a basis for comprehensive look of the aquacultural situation of the region (Ameen

et al, 1986).

Fish culture in greater Noakhali area is proceeding well with the initiation of the extension activity of NRDP
in the recent years. Department of Fisheries statistics put 58 % of the total ponds of the three districts of
ereater Noakhali district as cultured, however. the pond survey done of the NRDP group put this percentage
at 55: the national average of pond utilisation heing 32 %. Productivity of ponds has increased in the Noakhali
area. A well managed medium sized fish pond on an average is estimated to produce 2 500 kg/ha and the net
income could stand at Tk 9 000 per vear. The total amount of fish produced from greater Noakhali. according

to DOF data of 1988-89. is 41 739 tonnes and the contribution of pond production is 27 %.

Operation of hatcheries and nurseries Is an attractive business for private investors. According to DOF
statistics, 27 hatcheries and 255 nurseries were operated in the great Noakhali area in 1988. The number of
private fish farms was 68 in that year. The potential earning from a hatchery of 20 kg spawn production

capacity could stand at Tk 150 000 per season.

Based upon the experience gathered, the project has planned to expand its activity to organising small poor
groups around small village ponds to make credit available to them, this eftort would increase the possibilities

of imvolving women 1n fish culture.

The support from the programme has been limited to technical assistance: supply of inputs like fish seed.

chemicals. hormones, pump and oxygen etc. has been made against payment.
VII.3.4 Mennonite Central Committee Activities

The Mennonite Central Committee (MCC) has been working in Noakhali and Comilla areas for many years has
4 strong and wide base in the study area. The agricultural programme adopts a comprehensive farming system
approach taking into consideration year-round cultivation of horticultural crops, agriculture in general, livestock.
and fisheries activities, mainly with resource poor farmers, with rural women at the homestead level, (in order

to improve general health and nutrition conditions), and with groups of rural men and women, (to increase their
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savings for them to find other opportunities), and literacy and social awareness. The whole agricultural work

falls into three hroad types of activities, extension, marketing and research.

The involvement with fisheries activities is not as old as the other activities, beginning in 1988. At first a survey
was conducted in the working area of southern Comilla and greater Noakhali area to obtain information on
present fishery technology, costs and returns. fish species available at the farm level and the feasibility ot

introducing integrated fish culture systems (duck-fish, paddy-fish, etc.).

The activities are widespread in the greater Noakhali area with regards to introducing culture system of small
indigenous species which could be cultured in seasonal shallow ponds/ditches with minimum of inputs, and
integrated aquaculture with other components viz. paddy, livestock, poultry, etc. The aquacultural programmes
are very relevant and technical linkages have been established with the FRI aquacultural research programmes:
training and demonstration on adaptive aquacultural technologies on Thai sharpunti and carp breeding, nursery.

pond preparation etc. has been done in conjunction with FRI.
TABLE VIL3.1

Performance of Fish Pond Co-operatives

Loan Loan Gross Net
Thana Fish Fish  Harvested Advanced Repaid  Profit Protit
Released No. Maund Tk Tk Tk Tk
Lakshmipur 17 700 101 B70 490 148 700 148 700 255 180 70 200 + 2 boats
and one
house
Raipur 27 200 7 620 70 20 000 14 000 16 050 14 600

Chhagalnaiya 274 500 42 600 450 271 500 251 000 277 000 26 000

479 800 152290 | 010 440270 413 700 548 230 110 800 + 2 boats

and one
house

The data 1s from three ponds,

Note: [t was estimated that the income will stand at a mintmum of another Tk 400 000 at final harvest.

Source: NIRDP - | Evaluation Report.
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CHAPTER VIL4

IMPACTS OF WATER CONTROL PROJECTS

VIL4.1 General Impact

Fiovgd comrenl drainpee and irproation projects have eftects on both culture and canture fisherize.  Any water
control project has negative effects on the capture fishery. The open water fisheries grounds are mainly the
flooded lands, beels khals and the rivers from where flood water comes: tlood protection, drainage improvement
and/or irrigation reduce the flooded area. Construction of embankments or regulators prevents migration and
recruitment of fish inside the project.  As the flooded lands serve as the nursery grounds of the freshwater
migratory species are well as for the resident species. tlood protection and embankments also cause reduced

stocking of the outside waters.

Reduced or tull flood protection can create new possibilities for culture fishery inside the project area. as there
will then be no risk of fish loss from the culture ponds. This however. will entail availability of the culture
inputs and support services. Nonetheless, the ponds which used to be naturally restocked due to the flood will

have no production and would add negatively to the tlood protection option.

In veneral the beneficiaries of culture fisheries are the more wealthy elements of society. i.e. pond or tank

owners.

The beneficiaries of the open water capture fisheries are the subsistence households in general and the poor and
lower class fishermen in particular. thus loss to that category cannot be overcome hy the gain in culture fishery
unless alternative cultural methods in the closed waters are developed and the atfected people/fishermen nside

are grouped into co-operatives.  Culture programmes increase pro . but the species diversity cannot be

protected. thus the low priced fish that are consumed by the poor people through their subsistence catching are

lost from the area, causing socio-cconomic prohlems.

The water use conflicts between dry season agriculture and fisheries can reasonably be reduced through having
irrigation options in the project together with drainage. If. for example. the channel inside the project is topped
up with water throughout the dry season. the resident small species can find places for breeding in the shallow

areas of khals and crecks during the monsoon season: care should be taken to prevent the khals from drying

llp.
Vil.4.2 Fisheries Situation at the Chandpur Flood Control and Irrigation Project (CIP)
(a)  Introduction

The Chandpur Irrigation Project was completed in 1979-80, the project has been designed to provide irrigation
and flood control in a 36 000 ha area located south-east of Chandpur. The project area is encircled by a dvke
approximately 108 ha long to control the water level inside. The construction of the embankment has created
4 horrow pit canal 40 m 97 km wide and up to 2 m along the inner side of the dyke. The South Dakatia river

that passes through the project area has been closed at Charbagadi and down at Hapmara with water regulators.
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there are pumps at Charbagadi. There are navigation locks at both points. Closure of the nver has chanyed
the riverine ecology into a standing water one. The area reportedly used to be a good tloodplain and riverine
tishery area and construction of a flood control project evoked concern among the fishermen during the
implemention period. However, there had been investigations by fishery groups with respect to the possible
harmtul effects of the project. The consequence of such investigation let to the development of a hatchery and
fish culture training centre in the project area at Raipur. Many years have passed, and there have been

important lessons from the existing fishery situation of the area for every future flood control project.

(b)  Background

The potential effects of the Chandpur project on the existing fishery were given no recognition in the feasibility
study made by the BWDB's consulting engineering firm, Leedshill De Leuw (1969) or in the report
subsequently prepared by Reese et al (1970). Nonetheless the BWDB approved the project on the basis of the
above report. In 1970, the DOF expressed the concern about the possible damaging effects of the project on
the natural fishery of the area. The International Bank of Re-construction and Development then sent Richard
L Ridenhour in 1972 to investigate the situation. He concluded that a substantial fishery existed in the area and
identified several specitic problems that might occur in the area due to water level control. He specifically
emphasised the need for field evaluation and development of carp and prawn culture in the area. In 1974 again
an investigation was done by Mr. B.W. Kelly under the consulting firm of Jones and Stokes Associates Inc.

Mr. Kelly agreed in principle with the idea of Mr. Ridenhour for a detailed tield investigation.

Subsequently the Sell Environmental Group (SEG) of U.S. A. conducted an investigation study in three irrigation
projects viz. Chandpur, Muhuri and Karnafuli during the period of 1978-1982. The study encompassed the
whole of the culture and capture fishery status of the project areas and let to the development of a Fish Hatchery
and Training Centre. The centre was established at Raipur which is within the CIP. The SEG’s report contains
a detailed information about the then fishery situation of CIP and predicted the trend which the situation would
tollow unless appropriate management methodologies were adopted. They reported that there were 204 species

of fish and prawn available in the waters with 27 species identified as new in Bangladesh.

On the basis of relative abundance in collection they put ten species of fish as major fish from both flowing
water and standing water habitats (Walla go attu being common in hoth the habitats) and three commercial
species of prawn. Out of the ten species of fish, seven were predators and the report opined that the fishery was
not in a good position to have such a percentage of predators. The major carp were not prevalent in the
collection and as their availability would mainly be from ponds. this indicates that the culture situation at that

time was limited.

The prawn and fish population of the South Dakatia river is a mixture of the <hallow coastal treshwater species
and the tidal estuarine species. Thus the fish and prawn stock of the Dakatia system is maintained by
reproduction of the fresh water resident stock and by migration of the estuarine stock. Due to the closure of
the river the migration of the estuarine fish and prawn species has stopped and severely altered the species

composition in the river: the number of the resident fresh water species has increased.
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The Indian major carp were not reported to have spawned in the Dakatia system in the past. Their stock was
maintained by migration of try and fingerlings from outside the project area. During 1978, 65 individuals of
major carp belonging to five different species were caught from jag fishery inside the project arca. The water

control structures obstruct the muigration ot several species of tidal estuarine prawn.

Hilsa ilisha which is an anadromous species, suffered great reduction in numbers and they are reflected in the

catch within the proiect area in very small numbers.

Quantitative stock assessment made by the SEG showed that the standing crop in all habitats was declining

during the two vears of the investigation period which was immediately after closure of the river.

It was clear that the CIP has a detrimental effects on the natural fishery of the area. However. in other ways.
the controlled water situation has opened up new opportunities for culture based fisheries in ponds and other
closed or semi-closed waters; provided aquacultural technologies with respect to seed. feed. and fertiliser are

made available to the farmers.

The SEG report especially pointed out the tollowing major effects of Chandpur FCDI project on fisheries :

. Reduction of migratory open water species such as major carp and hilsa,

2. Reduction of nursery area for growing natural fish and prawn stock.
3. Reduction of overall fish crop available for harvest.

4. Reduction of catch of fish within the area.

5. Reduction of fish consumption in the area,

6.  Reduction of average size of fish in the waters of the area,

7. Over-tishing,

8.  Increase of aquatic vegetation,

9. Change of type ot habitat.

10.  Reduction of the economic status of fishermen,

1. Increased need for an extensive fishery management programme,
2. Improved fishery management potential. and

Reduction in contribution of CIP area as nursery area to overall fishery in Bangladesh (recruitment from

e

inside the area to the outside).
(¢)  Raipur Fish Hatchery and Training Centre

As has been mentioned in the foregoing. the fish hatchery and training centre at Raipur, Lakshmipur, was part
of the development activities of the SEG's investigative programme in the CIP. The hatchery was established
as a possible means of creating mitigating effects of the damages of the natural fishery due to the irnigation and

flood control project.

The centre has been established on a land area of 22 ha. It has a pond complex of 75 ponds of area 13 ha.
Fifty four ponds of these 75 ponds are of 9 ha water area and used for rearing purposes. The remaining 21
ponds are of 4 ha water area and used for holding brood fish of 7 000 kg annually. The hatchery building

consists of eight circular spawning cum hatching tanks each of one million egg holding capacity. five jar units
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having a total egg holding capacity of 5.2 to 6.5 mullion eggs for hatching and 20 fish/fry/fingerling holding
rectangular tanks. There are two deep tubewell of each 5-7 I/s capacity, used for filling the ponds and running

the hatchery. The training facilities includes class room and dormitories.

Since its establishment in 1979, the Raipur Hatchery and Training Centre has had played a significant role in
fish seed production and extension of breeding, nursery and fish cultivation in the area. A further augmentation
of the process was led by the fish cultural activities of the NRDP fish programme. As the result there has heen
a break through in the increase of number of hatcheries and nurseries to meet the growing demand of the

culturist. The net production of cultured carp has increased.
(d) Present Situation

Not many detailed studies have been conducted to review the impact of CIP on the fishery since the
investigation work of SEG. Many of the recommendations of the SEG have not been implemented apart from
the operation and maintenance of the hatchery and continuation of the training programme. The borrow pit, the
khals and the entire South Dakatia river were lett unstocked and has choked up with water hyacinth since the
commissioning of the project and thus, although the aquacultural situations have reportedly improved in the
area (Thompson. 1989), the open water capture fisheries potential has diminished. forcing poor and marginal
fishermen who do not have ponds themselves or cannot hire ponds for culture, to capture less and less fish or

become labourers for the bigger fishermen.

Thompson (1989) conducted a study on the impact of tlood control on agricultural development in Bangladesh.
[n a detailed household survey from three locations of CIP and a control for the without project situation from
outside CIP, he reviewed the impact of CIP on professional fishermen as well. The survey indicates that in
CIP. 34 % of households caught fish betore the project while after the project. 49 % household catch fish, the
figures in the control area are 55 % and 64 % before and after project. Thirty nine per cent of household within
the CIP had access to a large pond and although the control areas had the same situation of pond accessibility
the growth of fish culture was more within CIP: in CIP, 30 % of the houscholds cultivate fish. There had been
no change in the open water fishing in CIP or in the control areas and this was especially true for the areas
close to the Meghna River and the control area. Twelve per cent of the households who own a large pond or
share in such a pond, cultivated fish hefore the project, but the percentage had increased to 72 by 1987, the
figure for the control area by is 56 %. With respect to the change in tishing, Thompson’s study revealed that
68 % ot the 97 household reported increased importance of fishery and that is mainly due to better
aquacultural/pond cultural practices, while the remainder complained about the lower availability of fish in the
open waters. Of the households from the control areas: 50 % reported increased importance due to development
of cultivation and higher fish prices and 50 % for decreased importance mainly due to decline in fish
availability. From the above heusehold survey, itis evident that within CIP, the fisheries situation is better than
in the comparable control areas around CIP. However, with respect to the accessibility of cultivation the
incidence has been uneven in the different socio-economic groups of farmers. Generally the better-off
households have gained more i.e those who own a large pond or share such a pond for culture. The same is
the case for the control areas, but cultivation as an additional source of income, benefitted more people in the
CIP. The report on the main houschold survey concluded that the water control within CIP evidently induced
wide-spread fish cultivation in the private ponds thus benefiting more people from fishing, given that the

aquacultural techniques and inputs were available to the people of the area. Even so the wealthier farmers have
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gained more because they normally own ponds. the others, who depend on open water fisheries. have suftered

because they are now catching less fish or are employees of the larger fishermen.

The result of the survey on fishermen's households indicate that the fishermen from the CIP have lower returns
trom their catch than the fishermen of the control area. In general commercial fishermen get a greater return
which is likely because their capital outlay is more, allowing them to go to the nver to catch larger fish. Boat
ownership was lower in CIP than the control areas, this is likely hecause of the spread of aquaculture in ponds
in CIP. fishermen from there go less to the outside river than the fishermen trom the contrel arsas. Net
ownership pattern did not differ between the CIP and the control areas. The fishermen reported 59 ditferent
species of fish. The results of the survey indicated a decrease in the catch of large river fish in the CIP and
in the control area and this was obvious as the effect of the flood control prevents these large river fish entering
the river. This is also the case outside where there was # general decline of larger fish in the riverine catches.
The incidence of catch of the other sized river fish was not clear. however, the medium sized river fish were

more important in the CIP hefore the project.
Thompson's summary also indicated the following pattern inside CIP compared to the control situation.

- The composition of the catch 1s reduced. n particular the shrimp catch has suftered

- Commercial fishermen catch trom rivers but are interested in cultivation in ponds hy hiring ponds or
sharing the catch

- New fishermen and farmers are fishing but they mainly fish in the khals because this requires less

capital than fishing in the nvers. they also fish i ponds.

While Thompson's survey gives an idea of the present fisheries situation in the CIP area, 1tis not to he denied
that there 15 a lot to be done with regard to the exploitation of the huge controlled water resources of the area
with the application of the modern aquacultural technologies and through applying culture blended capture
methodologies. The entire horrow pit. khals and the main stream Dakatia are yet unstocked, with water hyacinth
choking everywhere. This situation has posed a serious challenge to the fisheries development and management
authorities of the country. Karim (1990) has put forwarded some suggestions as to how the vast potential water
inside CIP could be turned into productive resources. The first and main task is the removal of large masses
of the water hyacinth. After the weeds are cleared from the system, he suggested dividing the river into 10-12
production and management units. The unit can he partiioned with simple screening materials so that water
will flow but the fingerling of carp and other stocked fish will remain. The partition will have to made in such
a way that boat traffic will not be hampered. The management unit will be given to the fishermen’s groups to
fish under a licensing system. The fishermen’s group will be tormed with the local fishermen living by the side
of the unit specified. The horrow pits similarly can he partitioned into 200 m production and management units
and given to two families adjacent to the canal. The units will be stocked with fish: integration can be brought
about with broiler poultry heing raised on a platform made on the water surface: also low tilling crops like
banana. papaya. beans and pumpkin can be planted in the mner berm. The families given the allotment of the

units, will need credits. Thus simultaneous arrangements for credit systems have to be developed.

These are all suggestions and there is still a comprehensive plan required for meaningful utilisation of the
resources.  Of late. the DOF has undertaken 4 programme for bringing a total water area of 2 800 ha into

production with & yearly target 3 484 tonnes.  As a pilot trial, in 1990, four km of horrow pit on both sides
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of Charbagadi pump station has been stocked with carp for polyculture. About half of the Dakatia river from
Charbagadi up to Faridganj have been cleared of water hyacinth under Food For Works Programme jointly with

the project management.

The FRI Chandpur station, which is mandated with the task of river and open water fisheries research. 1s
currently conducting a pilot project on the feasthility of pen culturing in the borrow pit of CIP. Five pens 100
x 110 m each have heen constructed in the horrow pit at west Ramdashi to Bahoria bazar. The fish stocked
are Indian major carp and two species of Chinese carp. The results of this project and the DOF’s polyculture

trial are not yet available.
VIL.4.3 Fisheries in the Meghna-Dhonagoda Irrigation Project
(a) Background

The Meghna-Dhonagoda Irrigation Project (MDIP) was commissioned in 1987-88 in the Matlah Thana of
Chandpur district. The project area was an island circumscribed by the Meghna River in the west and north,
and the Dhonagoda river on the east and south. Itis a deep flooded area with very little area above 4.0 m and

the lowest was 1.5 m above mean sea level. During the monsoon the entire area used to go under water.

The project has 64 km of embankment, 98 km irrigation canal, 120 km tertiary canal, 125 km drainage channel,
69 regulators and 62 drainage structures. There are two main and two secondary pumping stations. The main
pumping stations are at Udamdi at the south and at Kalipur at the north: both of them are stationed at the ends

of the Gajipur khal, which is the main khal in the project area.

The objective of the project is to increase agricultural production, attaining self-sufficiency in food. within to
shortest possible time, and to increase employment opportunities of the people thereby improving the living

standards of the tarmers through flood control. drainage and irrigation.
(h)  Present situation

The tisheries situation in the MDIP difters from that in the CIP. In MDIP there is no borrow pit inside the

embankment. instead. there is an irrigation canal to supply water through other secondary and tertiary canals.

The total area of water inside the project is about 912 ha of which the pond area is 500 ha. marshy land is 180

ha and the irrigation canals that can be suitable for fish culture, 232 ha.

The potential water area in the project is about 700 ha including the ponds. khuls and marshes. As the area was
deep tlooded. the flood water used to hring different species of fish and prawn. After the closure of the area
the khals which had connection with the rivers have heen hlocked and the natural tishery of the khals and ponds
has been badly damaged. There are 22 ditferent khals mside the project area and those khals used to harbour
a ot of fish before the project: after the completion of the project, the fishermen are getting less fish and they

have been forced to catch fish in the Meghna River proper or in the Dhonagoda River.
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There are about 7 000 ponds in the Matlab thana: about 4 000 of these ponds are cultivable. About half of these
ponds are within MDIP. Although flood protection has created new possibilities for aquaculture in the ponds.
controllable khals and marshes. and although the feasibility report recommended a fisheries development
programme in the form of pilot projects in the khals, no significant fishery development has taken place there

until very recently.

It was suggested in the feasibility report that the main irrigation canal would be divided into 58 management
units and pilot scale governmeni projects will be undertaken in three such units; the other umts wili be jeased
out to the farmers living nearby or to the dislodged fishermen. Suitable weir mesh materials will be used to
partition the canal to allow irrigation water to pass. The pond fishery development programmes were 10 take
place through utilisation and application of feeding and fertilisation of the ponds. Similarly the khals would be
artificially stocked with major carp and the shallow seasonal marshes would be utilised for culture with small
indigenous species.  The facility for fish seed provision in the project was deleted because the seeds were to
he provided by the government fish seed farms nearby but this has not occurred. For easy availability of fish
seed of the desired species and for rapid development of fish culture and stocking in the waters inside the

project, establishment of a hatchery and nursery appears essential.

Recently the government has decided to establish a hatchery and nursery inside the project. In 1989 the
government released 0.8 million fingerlings in the Gazipur khal. There is a nursery in a village called
Amirabad within MDIP and fingerlings produced from that nursery have been released into 21 different khals

through co-operatives formed with people residing along the khals.
VIl.4.4 Impact of Polder Projects on Fisheries

The Coastal Embankment Project was to control intrusion in the areas potentially important for cultivation.

Empoldering of the coastal areas has had hoth positive and negative effects on fisheries.
(a)  Positive Impacts,

The positive impact was mainly with the development of the brackish water shrimp aquaculture industry in the
country especially in the south-west regions and the areas of Cox’s Bazar. The area empoldered is known as
bheri where tidal water is retained and the larvae of shrimp and fin fish that come with the tide are managed
and harvested. This sort of practice was also in vogue in the south-west region before the polder projects but
now after the embankments the number of farms (gher) has increased dramatically. This 1s linked with the
international market demand of the brackish water shrimp. Bangladesh now has 108 280 ha of tidal areas

suitable for producing shrimp.

(b) Negative Impacts.

The negative impact is the conflict between various land uses in the coastal areas.  Although the wild fishery
in the coastal rivers and creek is lost because of empoldering. new fisheries situations anse with culture either

in the created freshwater river sections. in the creeks or, allowing tidal water in the constructed ghers. The main

conflicts that have arisen are the gradual conversion of the crop lands or the salt pans into shnmp farms.  As
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shrimp farming is capital intensive and does not require as much labour as agriculture, the poor farmers or the

fishermen in the coastal areas cannot be engaged in the industry.
(¢) Present Situation in the Area.

The situation in the coastal areas of Southern Noakhali is atypical of the situation in general in other areas of
Bangladesh. This area is the active accretion zone of the delta and unlike the areas of south-west and the south-
east areas of Cox's Bazar the land is not suitable for coastal shrimp farm establishment. For gher construction,
there is a requirement for a tidal water supply, and the areas have to have such a location and depth that the
drainage would be slow, of course such suitable depth can be created by earthmoving but that would add extra

cost to the operation. Bangladesh has 25 000 km* areas of coastal regions of which Noakhali has about 3 000

km®.

In Noakhali area, because there is active siltation in the mouth of the few rivers or creeks such as the Darianadi,
Baggar Dona and Noakhali khals, the prospects of gher construction have always been poor and as such no
significant development of coastal aquatarms has taken place. DANIDA 1989 reported the existence of six such
farms of a total area of 20 ha in Sudharam thana of Noakhali DOF fish production statistics of 1988-89 put 61
ha coastal shrimp farms in greater Noakhali district with total production of 11 tonnes. This indicates that the

promise of brackish water shrimp farming in the area is not great.

The newly accreted areas of Noakhali face a ditferent socio-economic situation from that of the other arcas ot
Bangladesh. The resource base of the people living in the area 1s poor and thus the main task of the moment
is to look for avenues tor employment and earnings. Several government and non-government organizations
have been involvement in this through undertaking development programs in agriculture, livestock. fishery and

torestry in the area,

With respect to fisheries development, especially in pond culture development, DANIDA, the Land Reclamation
Project (LRP) and MCC have worked in Southern Noakhali. All of these organizations’ etforts have bheen to
motivate the people to culture fish in their pond with low cost species and inputs. The DANIDA assisted
fisheries programme in greater Noakhali has had a major impact on fish culture. There are programmes to
introduce low cost culture sustained with indigenous small species. There has been growing interest on the
polyculture of freshwater shrimp with carp in ponds. A feasibility survey of shrimp culture in the greater
Noakhali district was funded. LRP has established a small freshwater shrimp hatchery in the char area with
the technical assistance of DANIDA. In the coastal areas, because of empoldering some freshwater has been
created e.g. Darianadi lake. There is now a 70 ha water area, created behind the dam on the Darianadi and

new freshwater fisheries potential has emerged.

LRP expanded its activity in taking up fisheries development in the newly redeemed areas of Char Baggar Dona.
It tormed 30 co-operatives of the landless farmers and conducted trials on carp cum prawn culture in the ponds.
carp culture in the collector drains and fry raising of carp and tilapia for use in the co-operative ponds in the
pilot polder. In addition, the LRP fisheries programme tested the feusthility of wild fish entering and growing
in the poldered area by opening the sluice gates during high tide. so that the co-operative members may fish

in the waters.

ANX-VITE V“'-I-i



MCC s activities also centered around the poor and marginal farmers through introduction of low-cost fish
culture technologies, There ix 4 field research station in Char Matua.  There has heen a base line survey of
aquacultural resources of their study area of mediwm high land. medium low land and charland of greater

Noakhali and Comilla which has provided a good picture of the fisheries resources of the area in general,

It appears that the coastal empoldering in the Southern Noakhali areas has atfected the new situation of pond
will always be less promise for couastal aquatarm development in the arca because of active siltation. The few
coastal bheries that have heen in existence in the area. are all intended to go for one mono culture of treshwater
shrimp (July-January) one mono culture of brackish water shrimp (February-June), because of the rainfed nature
of the bheries. Moreover hecause the saline water source from the nearby river is receding every year because

of siltation. the provision saline water 1~ hecoming increasingly ditficult.
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CHAPTER VILS

POSSIBLE MITIGATION MEASURES
VIL.A. 1 Flood Plain Fishery

idaally, there should be a compromise between the cultivation of HYV boro and aman and sustainability of
floodplain fishery in a deeply flooded area. However, it has become increasingly clear that such a compromise
may be extremely difficult, if not impossible to find. Losses to the floodplain fisheries are not easy to mitigate s
and vast expense usually has to occur before any benefits, if any, can be accrued from replacement culture
fisheries. In a deeply flooded area, for cultivation of T aman and HYV boro to be possible, flood protection
must be guaranteed and in this protection situation, keeping only the main khals, rivers and beels full of water
would drastically reduce the open water hshery‘ even if there were prowsmns for fish passes in the

of the fishery. This would mean allowing & sub-normal ﬂood situation, in such a way that, in a buh-narnul

embankment/regulators. Under such conditions

flood situation, there would be controlled flooding instead of full flood control. If the purpose is to let the F;
and F, land to be tlooded, then the regulators have to be kept open until at least the middle of May, or until

such time the F, and F, areas inside the project are flooded. The gates shall have to be kept open again from

September onward. This would permit, up to a reasonable level, the migration, spawning and feeding and
dispersal of the major carp and the flood plain resident species. The migration of juveniles of the fresh water
prawn would be affected under the situation as their migration starts from the middle of June and end in
September and the gates would be kept shut during this time. Hilsa migration is restricted to the Meghna River
proper and their activities may not be affected by the flood protection embankments in the area, However,
;lctati]cd hydraulic models for specific areas are needed to establish these general fish migration patterns in such
areas. Figur:: VII.5. 1 shows the fisheries activities side by side with crop calendar in typical F, and F, lands.
It should be noted that pattern of fish activities will change according to the environmental factors at play n

a given area.

'For a compromise between the sustainability of open water fishery and crop production under a flood control
bituatlon a proposition on controlled flooding has been made above. What is important for open water fishery
is flooded area, and all land greater than F, (30 ¢m) are suitable. In general it is seen that 35 % of the potential
F, lands could be available as flooded area where fish can breed and feed: those areas would be generally
adjacent to the rivers, khals and heels inside the proiecl and thus the resident species of the closed waters can
take advantage of the adjacent flooded lands. \«E, B3, 4 o VY :m _ s orde v ke
ke Capovialets G S rummb&.\& 9] LI '
Table VI1.2.5 shows the amount of F, + F, lands in the individual project areas and the proportion of the
project area !t is seen that quite large areas within Dakatia, Dhonagoda, MDIP, Gumti [, Gumti [T, Ashugani
and in Titas planning units will be available for open water fisheries. However, recent work on the Gumti
Phase 1 and Noakhali North feasibility projects showed that the areas of tloodplain increase considerably when
land greater than 30 ¢cm (F”) are taken into account. Since this situation retlects more realistically what happens
in nature, it is strongly recommended that such approach be taken in the future in all fisheries work in the SER.

General mitigation measures, proposed in the Gumti Phase [1 and Noakhali North studies are outlined below:
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Figure VII.5.1
Fisheries Calendar
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In general. the main issues concerning possible mitigation measures centre around water and fisheres

management. These two aspects have heen described briefly below:

VIL.S. 1.1 Water Management

Water resources management is, and will continue to be, possibly the most crucial factor in the development
of any activities in the country, the region and the sub-region. It will thus be vital to establish priorities as to
how and where the water will be directed to, and for whom. It includes the following components and

possibilities for fisheries.
VIL.5.1.2  Re-excavation of Khals

Possible re-excavation of Khals. and their interconnections to Beels, with an aim of ensuring free and timely
flow of water and fish (both breeding adults and try). This could he most important during the dry season when

Khals hecome refuge areas for some species.
VIL5.1.3  Gate Design and Operation

Gate design. operation and location of structures is extremely important. These would ensure the timely tlow
of water and fish. and would be crucial for maintaining water levels in the system throughout the year. and

particularly at times critical for fish.
VIL5.1.4  Gate Structures

In general. gates will restrict the passage of fish unless they are designed, operated and managed to minimise

fish losses. Some of the possible measures to alleviate this problem include:

- Installation of overshot gates, to allow the passage of floating egys, larvae, hatchlings. surface and

midwater species.

- Timely opening of gates to coincide with critical migration periods for fish and other aquatic species. such

as shrimps which are commercially important.
- Caretul timing of closure to coincide with the end of the monsoon when the tloodplain starts to dry out,
VIL.5.1.5  Improved Fisheries Management

The continued improvement of fisheries management in the area should receive the highest prionty, especially

for those activities and/or policies that should take place despite interventions. Some of these activities include:
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VIL.Z.1.6  Restocking with Fry and/or Fingerlings

Restocking of suitable areas such as specific Beels and Khal sections with fry or fingerlings. However, this will
need to take into account the ecology of the existing resident species in the area so as to prevent a major
environmental unhalance due to any introduction of species. Restocking programmes should therefore only he

carried out using indigenous species which occur naturally in the selected areas.
Vil.5.1.7  Improvement of Culture Ficherjes

Pond culture improvement, especially of those ponds at present under utilised. Leasing of existing ponds to
fishermen groups, especially displaced ones. Use of borrow pits by displaced people who are the groups most
likely to suffer the nutritional losses resulting from any reduction in their ability to fish. Training and extension
programmes to ensure that suitable technology becomes available and to provide alternative sources of income
for fishermen. Promotion of integrated farming schemes such as those underway in Comilla, as well as those
such as the small/seasonal pond project in Mymensingh carried out by the Fisheries Research Institute (FRI)
and ICLARM. The incorporation of local NGOs into the setting up and management of fishing groups could

be instrumental in these tyvpe of fisheries projects.
VILL5.1.8  Enforcement of Existing Fisheries Regulations

The enforcement of existing regulations should particularly be carried out in relation to important areas such
as Satdona and Chandal Beels. along with other known breeding. nursery and feeding areas for fish and other

commercially important groups such as shrimps.
The following section deals with possible mitigation measures specific to each intervention.
VIL.5.2 Fish Passes

Various types of structure have been known to be used to permit fish to move up and down stream, past dams
and other structures. These are specially important for maintaining and managing spawning migration and
preserving natural populations in rivers and flood plains. Despite of being a deltaic country with vast flood
plains connected with many important rivers and though several dams and water structures have been built in
Bangladesh in the past, nowhere have any provisions been made for fish passes. Thus there is no information
available with regard to the design and construction of a typical fish pass in a flood control project.

Isaev and Kappova (198....) and Paulou (1989) have provided information on five major types of fish passes

in USSR, These are:

Simple fish passes: a continuous water tlood enables fish to pass upstream,

- Hydraulic and mechanical fish lifts: migrating fish enter into a chamber and are periodically lifted to the

reservolr upstream of the dam,

- Fish passes that work on the principle of lock,
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- Floating equipment: fish are gathered i to containers. which are then transported to upstream reservoirs,

and

- Fishing complexes: fish are caught, then vathered into containers for transportation by truck to upstream
reservoirs. This system is used where there is no navigation lock.

Amon;‘l':;,s;:ﬁve types. the simple passes that consists of fish ladders, troughs and by-pass channels are widely
used in many countries of the world. The ladders or troughs would simply not work in Bangladesh, as the
major carp are not known as leapers, hy-pass channels are not compatible with FC/FCD/FCDI projects. The
other types. tloating equipment or fishing complexes, are not relevant, the only type that might offer a chance
to function is the lock type fish pass. This type of fish pass has been build in the Don reservoir of USSR.
They normally have two separately acting chambers; the inlet channel leading to the lock is usually 6-8 m wide
and 40-50 m long, so that the entrance is away from fast flowing water beneath the dam. The water would pass
through the lock chamber into the inlet channel at 4 rate of 0.8-1.2 m/sec which is suitable for attracting fish.
This stage would last for about 30 minutes. The inlet channel is then closed and the lock chamber fills with
water trom below. The fish tend to congregate in the chamber and when the required height of water in the
chamber reached, the chamber opens and fish readily swim upstream. When the fish have left the chamber the
upper gate is closed, water is discharged and the cycle is repeated. the whole process lasts for 1.5-2.0 hours.

While one chamber is filling with water, the other one is discharging.

The design of the lock chamber in respect 0 its length and width and duration and timings of operation would
depend upon the extend of the area within the project and on the onset of the monsoon season in a particular
year. It will also depend on the dynamics of the water current and the extent. depth and duration of the tfloodiny

in a given area. The use of the hydraulic model would he crucial for determining where any such structure

fgxig_hr he placed.
YII.5.3 Culture-hased Capture Fishery.

In the situation where tlood water is allowed into the beels, rivers and khals inside the project area, the
methodology for tisheries management could have a hlend of culture and capture fisheries. In such a case, the
large water bodies in their varied forms can he stocked with the fingerlings of culturable species viz., the major
carps. The Baor fisheries development and management project in the south-west region of Bangladesh is an
example of such type of activity.  The government has also taken up similar programmes in MIP and in CIP.
For this type of programme to he established i a project area, infra-structure facilities with regard to fish seed
production, nursery operation, extension and credits will have to he developed. The management of the water
hodies has to be given to the NGO or to the fish co-operatives through the GOB under the New Fisheries

Management Policy.
Vil.5.4 Aquaculture in Completely Closed Water

Ponds. homestead small pond. road-side ditches, pits and khals which are mainly seasonal in nature. will he
available for the development of culture systems with ditterent type of spectes: these ditferent water hodies will
hold water for longer period than the without project situation if an irrigation option is included in the project

in addition to flood control. Difterent types of aquaculture technologies suttable tor different types of water are
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available now n the country (FRI has developed a few low cost culture technologies suitable for seasonal
waler). The hatchery and the nursery tacilities established within the project for meeting the demand for

stocking the open waters will also serve the need of the closed water cultures.

Depending upon the extend of the area under the project i.e. the area of such closed waters. the design and

capacity of the seed production facilities have to be determined.
V1L.&8.5 Open Water Fisheries within Submersible Embankment Praject

Submersible embankments are built to protect HY'V horo and aus in very low lying areas from early flooding,
4 mechanism wherehy the flood water i1s checked until the boro crops have been harvested and after that the
area 1s flooded as usual. This 1s an option for 4 reasonable gain in crop production, in a situation. where the

construction of tull herght embankment for complete flood protection is not viable.

Though at first sight, such as arrangement looks as if it is good for open water fishery, in practice it does little
cood to the migratory and the resident species of the flood plain. This is due to the spawning migration pattern
of the majority of the inland fish. Almost all the freshwater fish spawn at the onset of the monsoon season and
water level rise in the systems. Thus the protection of the rivers, khals or heels from early flooding by the
submersible embankment. prevents the migratory carp trom entering the rivers, as the water bodies remain
separated. in the same way. the rivers. khals and beels are not flooded during the early monsoon, and resident
species cannot perform their lateral migration to the inundated plains. However, the conflicts between the time
of fish migration and cropping time of HYV horo would be significantly reduced if the time of HY'V horo
transplantation could be made earlier.  This would necessitate purpose-geared extension work with regard to

availahility of credit and input supply. This proposition also applies in the case of controlled flooding.
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CHAPTER VIL6

DEVELOPMENT PROPOSALS

VilL.6.1 Introduction
For the Regional Plan the study area has been divided into Planning Units as shown in Figure VIL6.1.

The data presented in this section is derived from various sources, the data on ponds (cultured, culturable and
derelict) is based on WPRO DATA which was initially compiled by SPARRSO. The data on fishermen
hatcheries catches etc. was collected from thana fisheries offices by the consultants and is more limited since
the consultants did not have sufficient time to visit every thana and in any case the post of thana fishery office
is sometimes vacant. Data on areas of rivers is often obtain from the Surface Water Modelling Centre of the
WRPO. In most cases the data has been collected by an thana basis and it has been necessary to allocate the

figures to planning unit areas in protection to the area of the thana in the planning unit.

Table VII.6.1 shows the estimated number and areas of ponds in the planning units and Table VII. 1.2 gave the
areas of standing water and rivers, Comments on individual planning units are given in the next sections.

Table VII.6.2 gives the open water fisheries data available based on the RRA by the study team.

VIL.6.2 Planning Unit 2, Polder 59/2

Culture fisheries in this area are small and capture fisheries within the unit are also believed to be small but the
unit is close to the Lower Meghna and these are ample opportunities for capture fisheries in the river. The unit
has virtually no F, class land and capture fisheries are unlikely to sutfer when the polder is completed, however

there would be large benefits should irrigation be introduced and water can be kept in the system all the time.

VIL6.3 South Sudharam

The Planning Units main drainage channels are the Noakhali khal and Bhulua river and the Unit covers areus

of the Phase [I of the coastal embankment project’s polders 59/3A, 3B and 3C.

There are about 18 000 ponds covering an area of about 2 000 ha and the total production obtained is 2 000 t.
The major portion of the unit (62%) is under Sudharam thana, and the total ponds under the thana portion
number about 12 000. The statistics on other fisheries aspects such as areas under standing waters and nvers,
have been shown in Table where information on number of tishermen, fisherman’s cooperatives, hatcheries and

aurseries, praduction of shrimp and production from open waters of the area have bz=n shown for Sudharam

thanas.

The drainage channels, i.e. Noakhali khal and Bhulua river, together with the numerous khals in the area as
4 whole indicate the potential for capture fishery if properly managed. Together with the development of pen
culture technology. the khals and rivers can be fenced with suitable screening materials and may stocked with

suitable species of fish for culture.
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O Figure VII.6.1
Planning Units
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Figure VIIL.2.7

Percentage Annual Change in Different Systems

In Old Comilla District
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Figure VII.2.8

Location of Major and Minor Hatcheries in the Region
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TABLE VILé6.1

Fish Ponds by Planning Unit

T T
| Total No. of Ponds | Total Area of Ponds
Ref. Planning Gross Area | Total Cultured Culturable Derelict | Total Cultured Culturable Derelict
No Unit (ha) | | (ha) tha) (ha) tha)
- :
1 Polder 59/2 10848 | 5 s8¢ 3 490 1 784 712 | 673 453 155 65
2 South Sudharam 110 046 | 18 265 10 648 5 443 2174 | 2 os3 1 383 472 139
3 Noakhali Worth 99 535 | 17 305 10 089 5 157 2 059 | 13 817 B 014 4 145 1 658
4 Little Feni 97 362 | 18 531 10 838 5 541 2 212 | 2 oso 1 407 480 203
5 Dakatia 86 108 | 15 539 3 059 4 630 1 850 | 1 748 1176 402 169
6 Chandpur 52 398 | 3 Lo04 5 308 2 13 1 083 | 1 023 589 235 39
7 Meghna Dhonagoda 16 189 | 2 846 1 659 848 339 | azo 215 74 ER
8 Dhonagoda 112 405 | 20 745 12 094 6 183 2 468 | 2 3m 1 570 5386 225
9 Sonaichari 5603 | 1093 637 326 130 | 123 83 28 12
10 Gumti Phase I 31486 | 5 615 3273 1 873 669 | 634 425 149 51
11 Gumti Phase IT 140 854 | 25 486 14 855 7 592 3 039 | 7 241 4 202 z 173 869
12 Ashuganj 28913 | 5151 3 465 1 204 481 | 454 306 104 '
13 Titas 101 510 | 16 694 3 969 4 796 1 9529 | 1 sos 1 218 416 175
L '
T L}
Study area total 913 257 | 162 420 95 384 47 891 19 144 | 34 317 21 141 5 165 3 810
L '
TABLE V016.2
Open Water Fisheries Data
Planning Unit Fishermen Cooperatives Hatcheries Nurseries Shrimp
Thana Production
Full-time Subsistance Shrimps (kg)
2 South Sudharam
Ssudharam 725 33 313 620 1 1 21 3 100
3 Little Feni River
Senbag 2 015 4 500 7 3 76
Sudharam 23 1 074 20 1 100
Chauddagram 160 4 000 1 7 44
12 Ashuganj
Sarail 2 015 2 325 1 240 1 1 16 620
Brahmanbaria 1 332 4 106 N.a. [ 1 4 3 000
Nabinagar 2 000 1 000 500 18 1 13 250
13 Titas
Brahmanbaria B 811 27 165 45 3 26 13 000
Nasirnagar 9 100 13 650 455 15 1 900
Madhabpur 144 21 600 10
Sarail 1 040 1 200 640 8 320
Nabinagar 680 2 550 170 7 3 B5
Note: Data for each Planning Unit incomplete

Source:  Study survey
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The Planning Unit 1s new in formation and as would be expected there are  freshwater ponds that are under
traditional fish culture. There are homestead ponds but these are mainly used for retaining rainwater for
household use. A general review of the positive and negative impact of polder projects on fisheries has been
made 1n the main fisheries annex and the present fisheries situation in the southern Noakhali area as a whole
has been discussed there. However, as has been indicated in the foregoing. technical inputs with regard to
culture systems employed, species of fish used and input utilisation have to be provided by public/private sector

narticipation.

Vil.6.4 Planning Unit 3, Little Feni River

There are about 19 000 ponds with an area of 2 000 ha and the total production is about 3 000 tonnes. The area
of standing water and rivers in the area 15 900 and 300 hectares respectively. Of the ten thanas falling under
the Planning Unit, four thanas were visited for data collection such as number of fishermen, fishermen’s

cooperatives, hatcheries. nurseries.

The main constraint for development of the Planning Unit is the siltation of the Little Feni river and drainage
congestion at the Kazirhat regulator. The fishenies potential in the Little Feni river itself i1s limited. The
regulator was constructed a long time ago and the impounded water 1s now under management where artificial
stocking takes place and fishing nights are now with the fishermen cooperatives of the nearby areas. There are
no F, lands in this Planning Unit. thus there 1s Iittle potential for capture fisheries. The water in the Little Feni
river itself 1s exhausted during the dry season. thus there 1s no potential for fish except in the downstream arcas

where reasonable water volumes permut formation of a reservoir for capture fisheries.

The Kazirhat regulator at the mouth of the river was built to prevent saline water intrusion, since then the sea
has retreated by about 30 km. The gates of the regulator are shut during the winter, but are opened during the
monsoon season to release flood water, Because there 1s no salinity problem downstream of the regulator these
days. arrangements are made tor penodical opening of the gates for the estuarine fish species to enter the

reservoir.

Because there 1s little capture fishery potential the proposals under the study will not cause any reduction
upstream of the Kazirhat regulator but the area which would be protected by & new regulator downstream would
lose direct areas to the Bay of Bengal and therefore suffer, but this area is comparatively small compared to

the Planning Unit as a whole.

VIL.6.5 Planning Unit 4, Noakhali North Planning Unit

The total number of ponds in the PU is about 17 000, the arca covered is about 8 014 ha and the total
production obtained is 15 339 tonne. These estimates only include cultured ponds. The culture fisheries situation
in the Chandpur. Lakshmipur and Noakhali areas 15 in good shape as reflected by the growth of hatcheries and
nurseries of in the private sector. In this respect. Raipur Fish Hatchery and Training Centre and the DANIDA'S
NIRDP have made an important contribution. There are a total ot 29 hatcheries and 312 nurseries in the public

and private sectors in the Noakhali North Planning Unit,
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The open water area in the form of standing waters and rivers is 140 ha and 12 562 ha respectively: the latter
figure includes the area of the Meghna River adjacent to the Planning Unit, and the area of the Dakatia River.
Please refer to the Noakhali North feasibility study Draft Final Report for full details. There are numerous
khals and their total length is about 223 km with a total area of 1 216 ha; the main khals are Noakhali khal and
the WAPDA khal. These are perennial and have potential for capture fisheries, together with the inundated
plains which include the Begumganj depression. The area of fioodplain, land which floods to depths greater than

30 cm, is 72 768 ha.

The main objective of the proposal for this unit is the removal of the water accumulated in the Begumganj
depression which is in the centre of the PU and for that two options have been suggested. The options propose
improvement of drainage and increased potential of irrigation in the area either by water taken through the new
and improved Rahmatkhali regulator taken from the Dakatia through Kamta khal. In either situation it is
assumed that the openwater fisheries situation will reasonably increase. As it is proposed that WAPDA khal will
be re-excavated and other secondary khals may be deepened to increase availability of irrigation water, potential
for hreeding of the resident shallow water fishes will increase; fish will be able to maintain their population in
the khal systems. However, the loss of floodplain stand to be severe (62%) and the increase in water depths
in the khal system is not enough to counteract the loss in the floodplain fishery. The freshwater shrimp fishery
is reported to be good in Rahmatkhali regulator area and provisions of keeping the regulator open for taking
water for irrigation or for letting water out during monsoon will help in allowing shrimp larvae to enter the
khal. Other than openwater fisheries gains, the khals can be brought under culture-based capture fishery through
artificial stocking or culture can be performed in pens, constructed in the khals. The khals can be divided into
suitable production units and fenced with suitable netting materials that, will allow water to pass, while the

stocked fish will be retained.
VIL6.6 Planning Unit 5, Dakatia Planning Unit

Both culture and capture fisheries are important in the area.  There are in total 16 000 ponds with a total area
of about 1 420 ha and the total production obtained is 2 900 t. The culture fisheries situation in this part of the

region has been developed as is reflected by the number of hatcheries and nurseries in the area.

The openwater fishery is important in the planning unit in general, as the Dakatia River floodplain is substantial
and provides for good capture fisheries. The amount of F; and F, lands in an area provide an indication as of
potential of the area for openwater fishery. In this respect the PU is important, as there are a total of about

8 thousand hectares of Fy and F, lands.

The Dakatia River has a total length of 65 km in the PU and the different khals viz., Kamta khal, Dharma khal.
Curzon khal. Khila khal, Mellar khal, Noakhali khal and Barakanchi khal together constitute a total length of
about 95 km. The river and khals proper, and the adjoining deeper areas offer the opportunity for openwater

subsistence and full time fishing.

The Dakatia Planning Unit has a substantial portion of deeper areas having ¢ood potential for capture fisheries.
Due to the availability of water in the river and khal during the dry season the resident shallow water tish would
henefit, they would be able to breed in the semi-inundated plains and in the creeks during the monsoon season.

Shrimp would also enter through the open regulators.

ANK-VIIF VII-51

»



The main concern would be for the migratory species that need to go out to the Meghna river for up niver
migration during the rainy season. Certain areas of the project have to be allowed to be flooded at least duning
the early monsoon season and the gates of regulators should be Kept open then. Conflicts that would arise with

horo harvesting time in the semi-deeper lands have to be minimized by early transplantation of boro.

During the early monsoon season the water level of Dakatia may rise tor one of three reasons: it may rise due
to rainwater run off: due to flash flocd from unper arcas or due to the rise of the Meghna. However. what ever

may be the cause, the gates of the regwiators have to be kept open during this time.

It is common for about 35% of the F; and F, lands to remain as such even after flood control in an area.

Dakatia area has about 27 000 ha of F. and F, lands, These areas can provide a good fish habitat.
With & regulator or with a pump station the provision of a fish pass must be considered

The khals and the canals throughout the planning unit. can be suitably divided into several production units with
suitable sereening matenials and stocked with culturable species. The ownership of the production units can be

given to the farmers who own the adjacent agricultural plots or to fishermen's cooperatives formed for the

purpose.

VIL6.7 Dhonagoda Planning Unit

The PU 15 the second largest with respect to the gross area. The culture fisheries situation 18 similar to the other
planning units i the area in general. There are about 20 000 ponds with an area of 2 400 ha and the total
production obtained is 4 000 tonnes. Dhonagoda PU 1s within the very core areas of Chandpur and Comilla
region where fish hatchenies and nurseries have sprung up and would be expected to play a useful role in the

pond culture fisheries.

The openwater in the form of standing waters and rivers amount to 122 ha and 314 ha respectively. The PU
has a total of about 32 000 ha of F, and F, lands. This, however, suggests that the area has potential for flood
plain fishery in the vicimty of the Dhonagoda river and the many khals that criss-cross in the PU. The total

length traversed by all these khals and the Dhonagoda river i1s 262 km.

Two thanas - Matlab and Hajigan] - were studied. 5 000 tonnes of fish 1s caught annually from the rivers and
Khals of Matlah thana. The total number of full time and subsistence fishermen in the thana are 2 000 and
25 000 respectively. There are 14 fish cooperatives in the thana. The shrimp fishery in the Dhonagoda river
1s very important; 23 tonnes of shrimp is reported to be caught annually in the river and | 000 fishermen are
engaged in shrimp fishery. From Hajiganj thana data could not be obtained, however, it is known that there are
25 jalmahals. There are 2 000 and 4 000 full time and subsistence fishermen respectively in the thana and 80

fish nursernies.

This unit has been studied intensively and closure of the Dhonagoda river was contemplated, this would have
had a serious effect on deepwater fisheries and therefore the proposed line of the embankment was moved awav
from the river to the new Matlab-Gouripur road, this was partially because of fishing interests.  Any proposal

to develop arrigation turther in the area would he heneficial.
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The presumed increased opportunities for the development of culture-based capture fishery in the semi-closed
waters of khals. creeks or in the F, and F, lands/depressions within the PU, will require large quantities of fish
seed of the desired species. Although it is said the fish seed technology has been disseminated well in the
region, it is difficult at this stage to calculate the demand and supply of fish seed required. However, depending
upon the exact situation, which can better be told at the feasibility study stage, proposals can be made on the

establishment of fisheries intra-structure facilities to be built up by the public/private sector in the area.
VIL6.8 Planning Unit 10, Gumti Phase I

The gross area covered in the PU is about 31 000. There are about 6 000 ponds with an area of about 650 ha
and the total production obtained is 1 000 tonnes. Culture fisheries are expected to improve gradually as this
area is within the reach of Comilla area. In Muradnagar itself, the fishermen were seen producing fish seed

using traditional methods but with quite good results.

There is S00 ha of river in the PU. The area is genuinely deeper as is reflected by the existence of about 15 000
ha of F, and F, lands. This area will suffer due to the implementation of the FCD project and requires attention
from the DOF to improve the capture fisheries but in particular to develop culture fisheries in lands where

flooding is reduced, the number of ponds in this area is relatively low.

The proposed development of irrigation would increase culture fisheries in ponds and culture-based capture

tisheries in the khals and creeks.
VIIL.6.9 Planning Unit 11 - Gumti Phase II

This unit is the largest planning unit and has a very high proportion of deeply tlooded land, more than 75%.
Capture fisheries are very important and any attempts at flood control must take this into account. There are
two submersible polders recently constructed in the deeply flooded lands to the west and care must be taken to
ensure that these are operated in such a way that migratory species may be allowed to pass. The eastern part
of the unit is slightly higher, but the rest of this planning unit is deeply flooded. Therefore, careful
consideration needs to be taken of problems in this area. The total area of ponds in this unit is comparatively

low (4 202 ha) retlecting the risk of ponds being overtopped and cultured fish being allowed to escape.

The 1993 Gumti Phase II feasibility study Fisheries Annex F, provides the most complete analyses so far carried
out on this complex system. It also highlights that this particular area is without doubt one of the most
important fishing areas in the Region and the country. Further details on these complex fisheries can be found

in the Draft Final Report (Annes F).

V1L.6.10 Ashuganj Planning Unit
Two hroad types of fisheries. culture and capture have heen discussed with presumed changes in with project

and without project situation. Table V1.6. 1 and Table V1.6.2 give statistics on fisheries, pond data was available

from DOF, however capture fisheries data could not be obtained from secondary sources.
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The Planning Unit. is important from a fisheries point of view. It has a total of about 5 000 ponds with an area
ot 450 ha and production of about 800 tons. Standing water and rivers are also substantial in the area: the
number of full time and subsistence fishermen shows the importance of open water fishery of the area. Hatchery
and nursery technologies are not as developed as elsewhere. There are three hatcheries in Brahmanharia area
and one each in Sarail and Nabinagar. The openwater capture fisheries production was not available from any
secondary sources: however, if national average for the openwater production 1s considered the amount stands

at ahout 14 000 tonnes (DOF, 1988-89 data).

The importance of the capture fishery of the unit is emphasised by the existence of a high proportion of F, and
F. land in the unit. Such lands are adjacent to rivers, or other depressions and form part of the jalmahal which
serve as the breeding and feeding grounds of the inland shallow water fish that reside in the Jjalmahal during
the dry periods of the vear. The culture fisheries situation will he expected to change gradually with the
diffusion of aquacultural technology packages related to hatchery. nursery and pond rearing methodologies., a
large part of the pond areas within the genuine deeper areas would take a long time to come under culture,

simply hecause of flood risks.

The tloodplain fishery or the capture fishery in the inland water of rivers and F: lands has a major conflict with
the cultivation of boro, as the latter must have to be harvested before the early monsoon season when most of
the low lying areas are submerged and the majority of the species residing in the enclosed waters must disperse
in the rivers or in the adjacent flooded areas. Under such a situation. provision of even a submersible
embankment would do little good to the cause of tflood plain fishery. The proposition of having no submersible
embankment in the deeper areas of the planning unit. would add to the sustenance of the existing capture

tishery.

Ashugonj Sabuz Prakalpa falls in the sub-unit 3 of the Planning Unitand the proposal to use power plant cooling
water for irrigation would also provide increased opportunities for culture fisheries in the area. The very slight
rise in temperature of the cooling water in the winter (five degrees C) might he of considerable benefit to fish.
As irrigation water will he available throughout the dry season, the culture will be easier. The main irrgation
canal can be stocked with small fish species like Tilapia and Rajpunti by partitioning the canal into small

production units,
VIL.6.11 Titas Planning Unit

The fishery is rich in this unit heing represented hy a total of about 17 000 ponds of about | 600 ha. The
production from pond culture is about 3 000 tonnes. The area has vast standing waters and river resources with
areas covening 175 and 350 hectares respectively, Production figures from such openwaters were not available.
The numher of full time and subsistence fishermen are 20 000 and 66 000 respectively.  There are 77

fishermen’s cooperatives, 4 hatcheries and 37 nurseries.
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CHAPTER VIL.7
CULTURE FISHERIES MITIGATION PROGRAMME

Improved control over flooding is expected to improve productivity in the culture fisheries and to encourage
a more rapid development of the industry. Data presented in the MPO Technical Report 17 indicate that for the
Chandpur [rrigation and Flood Protection Project, the proportion of ponds cultivated increased from 16% to
51% in the first two years after project completion (1978 and 1979) and had reached the very high level of 95 %

by 1984. However, the same report highlights the severe losses incurred by the open water fisheries.

To what extent these increases in fish cultivation can be attributed to flood control on its own is not clear. Fish
cultivation in adjacent areas outside the Chandpur scheme also increased markedly during the 1980's. Some 56 %
of houscholds which owned a large pond in control areas outside the Chandpur scheme were engaging in fish
cultivation by 1987, compared to around 12% of households in 1977 according to recent surveys (Paul M.
Thompson, *The Impact of Flood Control on Agricultural Development in Bangladesh’, 1989). Within the
€ handpur Project area, Thompson's surveys showed that the proportion of households owning a large pond who

Ll.llll\’atdd fish had increased more than in the control areas, reaching 72% in 1987. Chandpur has traditionally

been an area of intensive fish cultivation, with a much higher concentration of fish ponds than in other parts

t the Soulh East Region: the applicability of the percentage increases in fish culture realised in Chandpur to
bther parts of the region is therefore questionable. A part of the growth in fish cultivation between 1977 and .
1987 could also be attributed to the construction of the Raipur Fish Hatchery, which should have encouraged

fish culture both within the Chandpur scheme area and in adjacent areas; a turther part of the growth would

_have been due to a general increase in farmers’ appreciation of the profitability of fish culture and better

knowledge of the techniques.

l

Data on the development of culture fisheries produced by the BBS/Department of Fisheries provide little help

in determining trends in fish cultivation. The BBS data show no increase over the past few years in the
numbers/area of ponds which are cultivated as opposed to “culturable’ or *derelict’: this is hardly probable in
view of the growth in fish cultivation recorded both inside and outside FCD schemes in studies such as
Thompson's. The BBS data show some changes in average yields trom the different types of pond, but the

figures are erratic, as shown in Table T

There is no obvious reason why “culturable’ and derelict ponds should have shown the marked increases n
yields suggested by these data: by definition, these categories of pond receive no inputs other than those
occurring naturally. The estimated average yields in culturable and derelict ponds, at about one ton per ha in
1987/88. appear to be very high. It could be expected that yields in ‘culturable’ ponds would approximate to
those for beels (around 400 kg/ha) and that yields in “derelict’ ponds would be much lower. However, the
yields from the floodplain in Gumti Phase II and Noakhali North were found to be 130 kg/ha in average. The
apparent large decline in yields i cultured ponds in Noakhali cannot be explained easily either. Further

analyses and data gathering need to he undertaken to assess this situation turther.

ANN-VIIEF VI[-jj



TABLE VIL.7.1

Average Yields (tons/hectare)

Year Comilla Region Noakhali Region

Cultured Culturable Derelict Cultured Culturable Derelict
1985/86 1.7 0.5 0.4 1.9 0.2 0.2
1986/87 2.1 1.1 0.9 i | 0.5 0.4
1987/88 2.1 Io2 1.1 1.1 0.8 0.6

(Source: Consultants® estimates based on BBS Statistical Yearbook, 1990)

It may he assumed that with FCD, a proportion of the ponds which would remain uncultivated in the *without’
project case will be cultivated once the flood control measures have been implemented. This would he subject
to the availability of adequate credit facilities and fisheries extension services. For the purposes of making an
initial estimate of the potential increases in net incremental income from pond fisheries development in a *with'

FCD project case. the following general assumptions have heen made:

- yields in uncultivated (culturable and derelict) ponds in the *without® project case will average between
250 kg/ha per year (based on comparable yields in beels and the tloodplain - see above) and 1 000
Kg/ha per year (the approximate 1987/88 average recorded in the BBS statistics for the south-east
region as a whole), with an average value of Tk 40 per kg in market prices, reflecting present (mid-

1991) price levels in the project area for a typical mix of fish species

- in cultivated ponds, more intensive management practices will be adopted in future, both within and
outside FCD projects, as the financial profitability of fish farming becomes more widely recognised
and as the techniques of fish farming become better known: an average yield of 2 500 kg/ha per year
for cultivated ponds has been assumed, at an average value of Tk 50 per kg {‘t-l;:wp‘r_ev;lfﬁgwpﬁc:: in

the project area for major carp species).

An indicative annual cost and revenue model for a semi-intensive fish farm producing high value carp is shown
in Table VII.7.2. The pet annual income (in economic prices) is estimated at Tk 36 989 per ha of ponds. Net
annual returns with uncultivated ponds (e, in the ‘without” FCD project case) have been estimated (see Table
VIL.7.3) at between Tk 6 150 and Tk 24 600 per ha. with yields of 250 kg and 1 000 kg respectively. Net
incremental annual income per ha of ponds in the ‘with' project case (when a presently uncultivated pond
becomes cultivated) has therefore been estimated at between Tk 12 389 and Tk 30 839 per ha in economic

prices, (or Tk 19 907-42 407 in financial prices), as shown in Table VII.7.3.
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TABLE VIL7.2

Annual Cash Flow for Carp Pond Production per Hecrate

[tem Unit Unit Cost (Tk) Quantity  Total Cost (Tk/year)
Financial Economic Financial Economic
Gross Revenue ke 50.0 41.0 2,500 125,000 102,500

Production Costs:

Pond Dewatering lump sum 4,200 3,444

Bank Repair/

re-excavation man-days 40.00 28.4 80 3,200 2,272
Feed Preparation/

feeding man-days 40.00 28.4 80 3200 2272
Fingerlings piece 1.0 0.8 5,000 5,000 4,100
Lime kg 6.0 4.9 250 1,500 1,230
Rice Bran kg 1.5 1.2 3,300 4,950 4.059
Mustard O1l Cake kg 4.0 33 3,300 13,200 10,824
Cowdung kg 0.3 0.3 12 355 4,201 3,459
Urea kg 5.0 5.9 300 1,488 1,770
TSP kg 4.8 10.8 600 2,904 6,456
Sub-Total 43,843 39,886
Harvesting Cost kg 50.0 41.0 625 31,250 25,625
Net Revenue 49,907 36,989

Source:  Estimated quantities: based on DANIDA ‘identification of Socioeconomic Feasibility of Freshwater
Shrimp Culture in Old Noakhali District, Dec.’89, records for 16 ponds.

Prices: Consultants’ estimates, mud-1991 prices.
Note: Conversion factor of 0.82 used to derive economic prices for tish and pond dewatering.

Conversion factor of 0.71 used for labour. Economic prices of other items based on

consultants® estimates.
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TABLE VIL.7.3

Fish Cultivation: Estimate of Net Incremental Income

(Per Hectare/year)

Item Unit Unit Cost (Tk) Quantity Total Cost (Tk/year)
Financial Economic Financial Economic
"Without™ Project:
a) 1.000 kg vield
Gross Revenue kg 40.0 32.8 1.000 40,000 32.800
Harvest Cost kg 40.0 32.8 250 10,000 8.200
Net Income 30,000 24.600
h) 250 kg Yield
Gross Revenue ke 40.0 32.8 250 10,000 §.200
Harvest Cost kg 40.0 32.8 62.5 2.500 2.050
Net lncome 7.500 6.150
"With® Project:
Gross Revenue ke 50.0 41.0 2,500 125,000 102,500
Harvest Cost kg 75,093 65.511
Net Income 49,907 36,989
Net Incremental Income
‘with' minus "without”
4) 19,907 2,389
b) 42,407 30.839
Source: Consultants’ estimates - see text.
Note: *Without case assumes ponds uncultivated

"With' case assumes cultivation: revenues and costs as estimated 1n previous table.

VII-58



7

A comparison of the prospective economic gains from increased cultivation of presently uncultivated ponds (on
the basis of these estimates) with the expected losses from capture fisheries suggests that there is no practicable
possibility of the incremental income from cultured fisheries offsetting the losses trom the open water fisheries.
Indeed. the incremental gains to fish cultivation would appear to be negligible in comparison to losses to the
open water tloodplains fisheries. For the proposed Dakatia (Planning Unit 5) project, for example, the area of
floodplains (F1-F3 land) affected would be 47 612 hectares, yielding some 2 380 tons of tish per year (at 50
kg/ha), valued in economic prices at about Tk 78. 1 million (@Tk 32.80 per kg). It would require between 2
532 and 6 302 ha of uncultivated ponds to be brought into cultivation to offset this loss in value terms (ie, Tk
78 083 680 divided by Tk 12 389 or Tk 30 839 net incremental income per ha of pond): this is equivalent to
hetween one-third and three-quarters of the total area of uncultivated ponds in the whole of the south-east region
(of about 8 100 ha according to BBS data). The total area of uncultivated ponds within the Dakatia project area
is estimated at about | 400 hectares or between 22% and 55% of the area required to offset the losses (in

economic terms) from the capture tisheries.

The available data on the proportions of ponds which are uncultivated as opposed to cultivated are highly suspect
(see above). The validity of any assumptions which might be made about differential rates of development of
pond cultivation with or without flood control measures would therefore be highly questionable. It might be
argued that with FCD, new ponds may be constructed in greater numbers than without FCD, given that FCD
increases the relative share of higher land best suited to pond development. However, here again there is no

firm evidence available from experience in existing FCD schemes on which to base any such estimates.

No incremental gains to fish cultivation have been calculated for the pre-feasibility studies in this Report. This
decision has heen taken on the grounds that the almost complete lack of reliable data on which to base any
estimates of tuture pond cultivation would make any estimates highly arbitrary and unreliable. In addition, the
vap hetween prospective capture fisheries losses from additional FCD works and the practicable incremental
gains from fish cultivation would appear to be so large as to preclude the possibility of enhanced returns from

fish cultivation offsetting more than a very small part of the losses from the capture fisheries.

The analysis here does emphasise the necessity of including mitigatory measures for fisheries in the event of
any new FCD schemes being implemented. These could include artificial stocking and the introduction of

appropriate management regimes for open water bodies, as well as enhanced levels of extension work for culture

tisheries in veneral.

In designing mitigation programmes it should be borne in mind that the direct beneficiaries of pond cultivation
will in general he the better-otf members of the rural community, with access to sutficient land to allow them
to own a pond of adequate size. The direct losers from the loss of the migratory fish open water capture
fisheries. on the other hand. will include both the fishermen (generally among the poorest members of the
community) and the landless and other poorer groups who depend on open water fisheries for a significant part
of their dietary requirements. While fish cultivation and the artificial stocking of open waier bodies can help
to ottset the losses from capture fisheries in terms of quantities of fish, the costs of cultivated hisi are inevitably
vreater than for tish caught in the wild, because of the costs of artificial breeding and rearing. Mitigation
programmes must therefore include special provision to meet the needs of fishermen and other poorer groups
(especially the landless) if the income distribution disbenefits of the loss of the open water fisheries are to he
offset. These programmes could include, for example. organisation of cooperatives of fishermen and/or landless
labourers who would be assigned the leases on particular areas of open water (in khals, ete): this approach has

already heen tried in the South-East Region hy the Mennonite Central Commuttee.
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VIII.1

Average Financial Returns by Land Category



1991 Financial Prices Tk

Estimated Net Returns per Hectare

TABLE VIIL1.1

Land Category FOI0

Fan

Share of Gross

Production costs

Total costs

Net income

cropped income Family Hired [Irriga- Other incl. excl. incl. excl.
Crop area % labour Llabour tion family family family  family
labour  labour Labour Labour
B Aus, local 20% 2683 499 411 0 852 1962 1263 721 1420
T Aus, HYV 7% 1454 322 173 0 323 818 496 636 958
B Aman local dw 0% 0 0 0 0 0 0 0 0 0
T Aman, local 4% 773 176 108 0 162 446 270 327 502
T Aman, HYV 82% 21608 3594 2298 0 4196 10087 6493 11521 15115
Boro, local 0% 0 0 0 0 0 0 0 0 0
Boro, HYV irrig 0% 0 0 0 0 0 0 0 0 0
Wheat irrig. 0% 1] 0 0 0 0 0 0 0 0
Wheat unirrig. 1% 178 35 22 0 76 133 98 45 80
Potato irrig. 0% 0 0 0 0 0 0 0 0 a
Potato unirrig. 1% 633 56 42 0 248 347 291 286 342
Jute 3% 543 145 97 0 118 360 215 183 328
Pulses: ave. 1% 1258 173 55 0 263 492 318 766 939
Mustard 21% 2241 408 78 0 911 1396 989 845 1252
Sugarcane 1% 345 a3 60 0 128 271 188 73 157
Spices (chilli) 4% 1290 156 109 0 2N 476 320 814 970
Veg. (brinjal) 10% 2938 427 192 0 470 1089 662 1850 2276
Total 166% 35944 6274 3644 0 7959 17877 11603 18067 24341
ANV
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%1 Fmancial Prices Tk

TABLE VIII1.1.2

Estimated Net Returns per Hectare

Lund Category FOIr

Share of Gross Production costs Total costs Net income

cropped income Family Hired Irriga- Other incl. excl. incl. excl.
Crop area % labour labour tion family family family family
labour labour labour labour

B Aus, local 0% 0 0 0 0 0 0 0 0 0
T Aus, HYV 10% 1988 440 237 34 442 1153 713 835 1275
B Aman local dw 0% 0 0 0 0 0 0 0 0 0
T Aman, local 19% 3520 801 491 0 740 2032 1231 1488 2289
T Aman, HYV 83% 22067 3670 2346 0 4285 10301 6631 11766 15436
Boro, local 0% 0 0 0 0 0 0 0 0 0
Bero, HYV irrig 0% 29244 4393 3181 3928 5795 17297 12904 11948 16340
Wheat irrig. 1% 1690 331 212 241 650 1434 1103 256 587
Wheat unirrig. 0% 0 0 ] 0 0 0 0 0 0
Potato irrig. 1% 655 L7 36 33 193 309 261 347 394
Potato unirrig. 0% 0 0 0 0 0 0 0 0 0
Jute 0% 0 0 0 0 0 0 0 0 0
Pulses: ave. 1% 19 16 5 0 25 47 30 73 89
Mustard 1% 113 21 4 0 46 71 50 43 63
Sugarcane 0% o 0 (4] 0 0 4] o 0 0
Spices (chilli) 3% 979 19 83 0 160 361 243 618 737
Veg. (brinjal) 0% 0 0 0 0 0 0 0 0 0
Total 219% 60378 9838 6594 4237 12336 33004 23166 27373 3721

ANV
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1991 Financial Prices Tk

Estimated Net Returns per Hectare

TABLE VIIIL. 1.3

Land Category F110

Share of Gross Production costs Total costs Net income
cropped income Family Hired Irriga- Other incl. excl. incl. excl.
Crop area » labour labour tion family family family family
labour labour labour labour
B Aus, local 36% 4899 1277 750 0 1556 3583 2306 1316 2593
T Aus, HYV 9% 1803 399 215 0 400 1014 615 788 1187
B Aman local dw 2% 285 61 34 0 79 174 113 111 172
T Aman, local LT% 8579 1952 1197 0 1803 4952 3000 3627 5579
T Aman, HYV 34% 8947 1488 951 0 1737 4176 2689 4770 6258
Boro, local 0% 1} ] 0 0 ] 0 0 0 0
Boro, HYV irrig 0% 0 0 0 0 0 0 0 0 0
Wheat irrig. 0% 0 0 0 0 0 0 0 0 0
Wheat unirrig. 2% 276 54 35 0 117 206 152 70 124
Potato irrig. 0% 0 0 0 0 0 0 0 0 0
Potato unirrig. 3% 1471 130 98 0 577 806 675 665 795
Jute 5% 1052 281 187 0 229 697 416 355 635
Pulses: ave. 9% 974 134 42 0 204 381 247 593 728
Mustard 13% 1389 253 48 0 564 865 613 524 776
Sugarcane 1% 267 64 47 0 99 210 146 57 121
Spices (chilli) 2% 666 81 56 0 109 246 165 420 501
Veg. (brinjal) &% 1939 282 126 0 310 718 437 1220 1502
Total 170% 32545 6456 3787 0 7786 18028 11573 14516 20972
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TABLE VIIL1.4

Estimated Net Returns per Hectare

Land Category Fllr

1991 Financial Prices Th

Share of Gross Production costs Total costs Net income

cropped income Family Hired Irriga- Other incl. excl. incl. excl.

Crop area % labour labour tion family family family family

labour labour labour labour
B Aus, local 0% 0 0 0 0 0 0 0 0 0
T Aus, HYV 11% 2274 503 271 39 505 1319 815 956 1459
E Aman local dw 0% 0 0 0 0 0 0 0 0 o
T Aman, local 54% 2886 2250 1379 0 2078 5707 3457 4179 6429
T Aman, HYV 39% 10328 1718 1098 0 2006 4821 3104 5507 7225
Boro, local 0% 0 0 0 0 0 0 0 0 0
Boro, HYV irrig TT% 25094 3769 2729 337 4972 14842 11072 10252 14021
Wheat irrig. 14% 2214 434 277 316 852 1879 1445 335 769
Wheat unirrig. G 0 0 0 ¢} 0 0 0 0 0
Potato irrig. 2% 1227 88 67 62 361 578 489 649 738
Potato unirrig. 0% 0 0 0 0 0 0 0 0 0
Jute 0% 0 0 0 0 0 o] 0 0 0
Pulses: ave. 0% 0 0 0 0 0 0 0 0 0
Mustard 0% 0 0 0 0 0 0 0 0 0
sugarcane 0% 0 0 0 0 0 0 o 0 o
Spices (chilli) 2% 611 74 51 0 100 226 151 386 460
Veg. (brinjal) (¥4 1194 173 78 0 191 442 269 751 925
Total 203% 52829 9010 5951 3788 11065 29813 20804 23016 32025
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TABLE VIIL. L5

Estimated Net Returns per Hectare

1991 Financial Prices Tk

Land Category F210

Share of Gross Production costs Total costs Net income
cropped income Family Hired Irriga- Other incl. excl. incl. excl.
Crop area % labour labour tion family family family family
labour labour labour labour
B Aus, local 31% 4223 1101 646 0 1341 3088 1988 1135 2235
T Aus, HYV 0% 0 0 0 0 0 0 0 0 0
8 Aman local dw 36% 4700 1007 566 0 1298 2871 1864 1829 2836
T Aman, local 8% 1465 333 204 0 308 845 512 619 952
T Aman, HYV 0% 0 0 0 0 0 0 0 0 0
Boro, local Q% 0 0 0 0 0
Baro, HYV irrig 0% 0 0 0 0 0
Wheat irrig. 0% 0 0 0 0 0 0
Wheat unirrig. 11% 1392 273 174 0 592 1040 767 352 625
Potato irrig. 0% 0 0 0 0 0 0 0 0 0
Potato unirrig. 2% 200 80 60 0 353 493 413 407 487
Jute &% 1158 309 206 0 253 767 458 391 700
Pulses: ave. % 10046 139 Ll Q 211 393 255 612 751
Mustard 154 1593 290 55 0 648 993 703 600 890
Sugarcane 0% 0 0 0 o] a a 0 o 4]
Spices (chilli) 1% 306 37 26 0 50 113 76 193 230
Veg. (brinjal) 3% 895 130 58 0 143 332 202 564 694
Total 122% 17637 3698 2041 0 5196 10935 7237 6702 10400
AN-VI
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1991 Financial Prices Tk

TABLE VIIL.1.6

Estimated Net Returns per Hectare

Land Category F2Ir

Share of Gross

Production costs

Total costs

Net income

cropped income Family Hired Irrig- Other incl. excl. incl. excl.

Crop area % labour labour -ation family family family family

labour labour labour |abour

B Aus, local 0% 0 0 0 0 0 0 0 0 0
T Aus, HYV 0% 0 0 0 0 0 0 0 0 0
B Aman local dw 25% 3264 699 393 0 901 1994 1295 1270 1969
T Aman, local 14% 2563 583 358 0 539 1480 B9& 1084 1667
T Aman, HYV 0% 0 0 0 0 0 0 0 0 0
Boro, local 0% 0 0 0 0 0 0 0 0 0
Boro, HYV irrig 88%  2B6T8 4308 3Ne 3852 5683 16962 12654 11716 16024
Wheat irrig. Y 1424 279 178 203 548 1208 929 216 494
Wheat unirrig. 0% 0 0 0 0 0 0 0 0 0
Potato irrig. 2% 1227 BE 67 62 361 578 489 649 738
Potato unirrig. 0% 0 0 0 0 0 0 0 0 0
Jute 0% 0 0 0 0 0 0
Pulses: ave. 0% 0 0 0 0 0 0 0 0 0
Mustard % 956 174 33 0 389 596 422 360 534
Sugarcane 0% 0 0 0 0 0 0 0 0 0
Spices (chilli) D% 0 0 0 0 0 0 0 0 0
Veg. (brinjal) 1% 298 43 19 0 48 m 67 188 231
Total 148% 38410 6175 4168 4117 B4s7 22927 16752 15483 21658
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TABLE VIIIL. 1.7

Estimated Net Returns per Hectare

Land Category F310

1991 Financial Prices Tk

Share of  Gross Production costs Total costs Net income
cropped income Family Hired Irriga- Other incl. excl. incl. excl.
Crop area % labour  labour  tion family family family family

labour labour Llabour labour

B Aus, local 0% 0 0 ] 0 0 0 0 0 0
T Aus, HYV 0% 0 0 0 0 ] a 0 ] 0
8 Aman local dw 61% 7964 1706 260 0 2199 4865 3159 3099 4805
T Aman, local 0% 0 0 0 0 0 0 0 0 0
T Aman, HYV 0% 0 0 0 0 0 0 0 0 0
Boro, local 5% 965 146 90 0 140 376 230 588 735
Boro, HYV irrig 0% 0 0 0 0 0 0 0 0 0
Wheat irrig. 0% 0 0 0 0 0 0 0 0 0
Wheat unirrig. 4% 506 99 63 0 215 378 279 128 227
Potato irrig. 0% 0 0 0 0- 0 0
Potato unirrig. 0% 0 0
Jute 0% 0 0 0 0 0 0
Pulses: ave. 7% 782 108 34 0 164 306 198 476 584
Mustard 10% 1062 193 37 0 432 662 468 400 594
Sugarcane 0% 0 0 0 0 0 0
Spices (chilli) 0% 0 0 0 0 0 0
Veg. (brinjal) 0% 0 0 0 0 0 0

Total 87% 11278 2253 1184 0 3150 6587 4334 4692 6544
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TABLE VIIL 1.8

Estimated Net Returns per Hectare

Land Category F3lr

1991 Financial Prices Tk

Share of Gross Production costs Total costs Net income
cropped income Family Hired Irriga- Other incl. excl. incl. excl.
Crop area i labour labour tion family family family family

labour labour labour [|abour

B Aus, local 0% 0 o 0 0 0 0 0 0 0
T Aus, HYV 0% 0 0 0 0 0 0 0 o 0
B Aman local dw 24% 3133 671 378 0 845 1914 1243 1219 1890
T Aman, local D% 0 €] 0 0 0 0 0 b 0
T Aman, HYV 0% 0 0 0 o g 0 0 0 0
Boro, local 1% 2122 322 197 241 308 1068 746 1054 1376
Boro, HYV irrig 89% 25004 4357 3155 3896 5747 17155 12798 11849 16206
Wheat irrig. 0% 0 0 0 0 0 0 0 0 0
Wheat unirrig. 0% 0 0 0 0 0 0 0 0 0
Potato irrig. 0% 0 0 0 g 0 0 0 0 0
Potato unirrig. 0% G 0 o] 0 o 0 o] o] 0
Jute 0% 0 0 0 0 0 0 0] 0 0
Pulses: ave. 0% 0 0 0 0 0 0 0 0 4]
Mustard 0% 0 0 0 0 0 0 0] 0 0
Sugarcane 0% 0 ¢} 0 0 0 0 0 0 0
Spices (chilli) 0% 0 0 0 0 0 0 0 0 0
Veg. (brinjal) 0% a 4] 0 6] 4] 0 0 [} 0

Total 124% 34260 5350 3730 4137 6921 20137 14787 14122 19472
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Economic prices TK

TABLE VIILY

Estimated Net Returns per Hectare

Land Category FOI0

Share of Gross

Production costs

Total costs

Net income

cropped income Family Hired [Irriga- Other incl. excl. incl. excl.
Crop area % labour Llabour tion family family family family
labour labour labour Llabour
B Aus, local 20% 2357 524 308 0 810 1643 1118 714 1239
T Aus, HYV T 1279 241 130 0 318 489 448 589 831
B Aman local dw 0% 0 0 0 0 0 0 0 0 0
T Aman, Llocal 4% 679 132 81 0 157 370 238 309 441
T Aman, HYV 82 % 19001 2695 1723 0 4509 8928 6232 10073 12768
Baro, local 0% 0 0 o 0 0 0 0 0 0
Boro, HYV irrig 0% 0 0 0 0 0 0 0 0 0
Wheat irrig. 0% 0 0 0 0 0 0 0 0 0
Wheat unirrig. 1% 249 26 17 0 91 133 107 116 142
Potato irrig. 0% 0 0 0 0 0 0 0 0 0
Potato unirrig. 1% 551 42 32 0 255 329 287 222 264
Jute 3% 553 109 72 0 119 300 192 253 361
Pulses: ave. 1% 1094 130 41 0 226 398 268 696 826
Mustard 21% 1972 306 58 0 1099 1463 1157 509 815
Sugarcane 1% 327 62 45 0 120 228 166 99 162
Spices (chilli) 4% 1122 17 81 0 255 453 336 569 786
Veg. (brinjal) 10% 2556 550 247 0 472 1269 719 1287 1837
Total 166% 31741 4936 2836 0 8431 16203 11268 15537 20473
FIIR-FIN.IRN
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TABLE VIIIL.10

Estimated Net Returns per Hectare

Land Category FOIr

Economic prices Tk

Share of Gross ' Production costs Total costs Net income
cropped income Family Hired Irriga- Other incl. excl. incl. excl.
Crop area % labour labour tion family family family family

labour labour labour Llabour

B Aus, local 0% 0 0 0 0 0 0 0 0 o
T Aus, HYV 10% 1748 330 178 18 435 961 631 787 1117
B Aman local dw 0% 0 0 0 0 0 0 0 0 0
T Aman, local 19% 3094 &01 368 0 716 1685 1084 1409 2010
T Aman, HYV 83% 19405 2752 1760 0 4605 9117 6365 10287 13040
Boro, local 0% 0 0 0 0 0 0 0 0 0
Boro, HYV irrig Q0% 25712 3295 2386 2102 6050 13832 10537 11881 15175
Wheat irrig. 11% 2365 248 159 129 769 1305 1057 1060 1308
Wheat unirrig. 0% 0] 0 0 0 0 0 0 0 0
Potato irrig. 1% 570 35 27 18 194 274 239 296 332
Potato unirrig. 0% 0 0 o] 0 0 0 0 0 o
Jute 0% 0 0 0 0 0 0 0 0 0
Pulses: ave. 1% 104 12 4 0 21 38 25 66 78
Mustard 1% 100 15 2 8} 56 T4 59 26 41
Sugarcane 0% 0 0 0 0 0 0 0 0 0
Spices (chilli) 3% 852 89 62 0 193 344 255 508 597
Veg. (brinjal) 0% 0 1] 1] 1] ] 0 o 0 (o]

Total 219% 53949 7378 4946 2267 13039 27629 20257 26320 33698
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Economic prices Tk

Estimated Net Returns per Hectare

TABLE VIIL1.11

Land Category F110

Share of Gross Production costs Total costs Net income

cropped income Family Hired Irriga- Other incl. excl. incl. excl.

Crop area % labour labour tion family family family family

labour labour labour labour

B Aus, local 36% 4304 958 562 0 1480 3000 2042 1304 2262
T Aus, HYV % 1585 299 161 0 394 855 555 730 1030
B8 Aman local dw 2% 250 46 26 0 69 141 95 110 155
T Aman, local L7% 7539 1464 897 0 1744 4106 2641 3433 4897
T Aman, HYV 34% 7867 1116 713 0 1867 3696 2580 4171 5287
Boro, local 0% 0 0 0 0 0 0 0 0 0
Boro, HYV irrig 0% 0 0 0 0 0 0 0 0 0
Wheat irrig. 0% 0 0 0 0 0 0 0 0 0
Wheat unirrig. 2% 386 41 26 0 140 207 166 179 220
Potato irrig. 0% 0 0 0 0 0 0 0 0 0
Potato unirrig. 3% 1280 98 74 0 593 764 666 515 613
Jute 5% 1071 210 140 0 231 582 37 490 700
Pulses: ave. % 847 101 32 0 175 308 207 539 640
Mustard 13% 1222 189 36 0 681 206 T 316 505
Sugarcane 1% 254 48 35 0 93 177 128 i 125
Spices (chilli) 2% 579 61 42 0 131 234 174 345 406
veg. (brinjal) 6% 1687 363 163 0 31 838 474 849 1212
Total 170% 28871 4994 2908 0 7910 15812 10819 13059 18052
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Economic prices Tk

TABLE

VIiII.1.12

Estimated Net Returns per Hectare

Land Category F1lr

Net income

Share of Gross Production costs Total costs
cropped income Family Hired Irriga- Other incl. excl. incl. excl.
Crop area % Llabour labour tion family family family family
labour labour labour labour
B Aus, local 0% 0 0 0 0 0 0 0 o 0
T Aus, HYV 1M% 2000 378 203 21 497 1099 722 901 1278
B Aman local dw 0% 0 0 o 0 0 0 0 8 0
T Aman, local 547 B6BE 1687 1034 0 2010 4731 3044 3956 5644
T Aman, HYV 39% Q082 1288 824 0 2155 L4267 2979 4B15 6103
Boro, local 0% 0 0 0 0 0 o 0 0 &}
Boro, HYV irrig 7T 22063 2827 2047 1803 5191 11868 9041 10194 13021
Wheat irrig. 14% 3099 325 208 169 1008 1710 1385 1389 1714
Wheat unirrig. 0% 0 0 0 0 0 0 0 0 0
Potato irrig. 2% 1067 66 50 33 364 513 L4T 554 621
Petato unirrig. 0% 0 n 0 0 0 0 0 o 0
Jute 0 i] ] (4] ] 0 0 0 8] 0
Pulses: ave. 0% 0 o 0 (€ 0 0 0 ] 0
Mustard 0% 0 0 0 0 0 0 0 0 o
Sugarcane 0% 0 0 o 0 0 0 0 0 0
Spices (chilli) 2% 532 56 39 0 121 215 159 317 373
Veg. (brinjal) 4% 1038 224 100 0 192 516 292 523 746
Total 203% 57569 6851 4505 2026 11537 24920 18069 22649 29500

Fall-H I RS
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Economic prices Tk

TABLE VIILIL.13

Estimated Net Returns per Hectare

Land Category F210

Share of Gross Production costs Total costs Net income

cropped income Family Hired Irriga- Other incl. excl. incl. excl.

Crop area % labour labour tion family family family family

labour labour labour labour

B Aus, local 31% 3710 826 485 0 1276 2586 1760 1124 1950
T Aus, HYV 0% 0 0 0 0 0 0 0 0 0
8 Aman local dw 36% 4133 755 425 0 1142 2322 1567 1811 2566
T Aman, local 8% 1287 250 153 0 298 701 451 586 836
T Aman, HYV 0% 0 0 0 0 0 0 v] 0 0
Borao, local 0% 0 0 0 0 0 0 0 0
Boro, HYV irrig 0% 0 0 0 ] 0 a 0 0
Wheat irrig. 0% 0 0 0 0 0 0 0 0
Wheat unirrig. 1% 1948 205 131 0 708 1043 839 905 1109
Potato irrig. 0% 0 0 0 0 0 0 0 0 0
Potato unirrig. 2% 783 60 45 0 363 468 408 315 375
Jute 6% 1180 232 154 0 254 661 409 539 771
Pulses: ave. % 875 104 33 0 181 318 214 557 661
Mustard 15% 1402 217 41 0 781 1040 822 362 579
Sugarcane 0% 0 0 0 0 o} 0 0 0 0
Spices (chilli) 1% 266 28 19 0 50 107 80 158 186
Veg. (brinjal} 3% 779 168 75 0 144 387 219 392 560
Total 122% 16362 2844 1562 0 5206 9612 6768 6750 9593

FRIR-FIN PRN
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TABLE VIIL.1.14

Estimated Net Returns per Hectare

Lund Category FllIr

Economice prices Tk

Share of Gross Production costs Total costs Net income
cropped  income Family Hired Irriga- Other incl. excl. incl. excl.
Crop area % labour labour tion family family family family

labour Labour labour labour

B Aus, local 0% 6} 0 0 0 0 0 0 0 o
T Aus, HYV 0% 0 0 0 0 0 0 0 0 0
B Aman local dw 25% 2870 524 295 1] 793 1613 1088 1257 1782
T Aman, local 14% 2252 437 268 0 521 1227 789 1026 1463
T Aman, HYV 0% 0 0 0 0 0 0 0 0 0
Boro, local 0% 0 0 0 0 0 0 0 0 0
Boro, HYV irrig 88 25214 3231 2340 2061 5933 13564 10333 11651 14881
Wheat irrig. Q% 1992 209 134 109 648 1099 890 893 1102
Wheat unirrig. 0% 0 1] 0 0 0 0 0 it} 0
Potato irrig. 2% 1067 66 50 33 364 513 447 554 621
Patato unirrig. 0% 1] 0 o] 0 o] 0 0 o] o
Jute 0% 0 0 0 0 0 0 0 0 0
Pulses: ave. 0% 0 0 0 0 0 0 0 0
Mustard 9% 841 130 25 0 469 624 493 217 348
Sugarcane 0% 0 0 0 0 0 0 0 0
Spices (chilli) 0% 0 0 0 0 0 0 0 0
Veg. (brinjal) 1% 260 56 25 0 48 129 73 131 187
Total 148% 34457 4655 3136 2203 8775 18768 14114 15729 20383
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TABLE VII1.1.15
Estimated Net Returns per Hectare

Land Category F310

Economic prices Tk

Share of Gross Production costs Total costs Net income
cropped income Family Hired Irriga- Other incl. excl. incl. excl.
Crop area % labour labour tion family family family family

labour labour labour labour

B Aus, local 0% 0 0 0 0 0 0 0 0 0
T Aus, HYV 0% 0 0 0 0 0 0 0 0 0
B Aman local dw 61% 7003 1280 720 0 1935 3935 2655 3068 4348
T Aman, local 0% 0 0 ] 0 0 0 ] 0 0
T Aman, HYV 0% 0 0 0 0 0 0 0 0 0
Boro, local 5% 847 110 &7 0 122 299 189 549 659
Boro, HYV irrig 0% 0 1 0 0 0 0 0 0
Wheat irrig. 0% o} 0 0 0 0 0 0 0 0
Wheat unirrig. 4% 708 T4 48 0 257 379 305 329 403
Potato irrig. 0% 0 0 0 0 0 0 0 0
Potato unirrig. 0% 0 0 0 0 0 0
Jute 0% 0 0 1] 0 a 0 0 0
Pulses: ave. 7% 680 81 26 0 141 247 166 433 514
Mustard 10% 934 145 28 0 521 693 548 241 386
Sugarcane 0% 0 0 0 0 0 0 0
Spices (chilli) 0% 0 0 0 0 0 0
Veg. (brinjal) 0% 0 0 0 0 0 0 0
Total 87% 10173 1689 888 0 2976 5553 3863 4620 6310
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TABLE VIILI6

Estimated Net Returns per Hectare

Land Category F3lr

Econvnne prices TK

Share of Gross Production costs Total costs Net income
cropped income Family Hired Irriga- Other incl. excl. incl. excl.
Crop area % labour labour tion family family family family

labour labour labour labour

B Aus, local 0% 8 0 0 0 0 0 0 0 0
T Aus, HYV 0% 0 0 0 0 0 0 0 0 0
B Aman local dw 247% 2755 503 283 0 761 1548 1045 1207 1711
T Aman, local 0% 1] 0 0 0 0 o 0 0 ]
T Aman, HYV % 0 0 0 0 0 0 0 0 0
Boro, local 1% 1864 241 148 0 268 657 416 1207 1449
Boroc, HYV irrig 89% 25501 3268 2366 2084 6000 13718 10450 11783 15051
Wheat irrig. 0% 0 0 0 0 0 0 0 a 0
Wheat unirriag. 0% 0 0 0 0 0 0 0 0 0
Potato irrig. 0% 0 0 0 D 0 0 o 0 0
Potato unirrig. 0% 0 0 0 0 0 0 0 0 0
Jute 0% 0 ] 0 0 0 0 o W] 0
Pulses: ave. 0% 0 0 0 0 0 4] 0 0 0
Mustard 0% 0 0 0 0 0 0 0 0 0
Sugarcane 0% 0 0 0 0 0 0 0 0 0
Spices (chilli) 0% 0 ] 0 0 0 o] 0 0 0
Veg. (brinjal) 0% 0 0 0 0 0 0 0 0 [0}

Total 124% 30121 4012 2797 2084 7029 15923 1191 14198 18210
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Summary of Net Returns per Hectare by Land Category

TABLE VIILI1.17

Gross Total cost Net income

income incl. excl. incl. excl. (incl. family labour)
Land family family family family from from
category Labour Labour Labour labour drainage Irrigation
1991 Financial Prices Tk
FO10 35944 17877 11603 18067 24341 3551
FOIr 60378 33004 23166 27373 37211 4358 9306
F110 32545 18028 11573 14516 20972 7814
Filr 52829 29813 20804 23016 32025 7533 8499
F210 17637 10935 7237 6702 10400 2010
F2lr 38410 22927 16752 15483 21658 1360 8781
F310 11278 6587 4334 4692 6944
F31r 34260 20137 14787 14122 19472 9431
Economic Prices Tk
FO10 31741 16203 11268 15537 20473 2478
FOIR 53949 27629 20251 26320 33698 3671 10782
F110 28871 15812 10819 13059 18052 6309
F1ir 47569 24920 18069 22649 29500 6920 9590
F210 16362 9612 6768 6750 9593 2130
F2ir 34497 18768 14114 15729 20383 1531 8979
F310 10173 5553 3863 4620 4310
F3lr 30121 15923 11911 14198 18210 9577

Improvement in Net inc.

FIR-FIN RN
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TABLE VIIL1.18

Land Acquisition: Economic Cost Estimates

Land category Share of Net meome per ha Werchted average
total SER ncluding tamily of net income
NUA (%) ihour cost (1K) per ha (Tk)

FOI0 18 15537 2797

FOLr 9 26320 2369

FI110 27 13059 3526

Fllr 11 22649 2491

F210 I8 6750 1215

F2lr 6 15729 944

F310 9 4620 416

F3lr 2 14198 284

Total 100 14041

PV @ 12%. 30 vears (Tk/ha) 113104
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VIIIL.2

Non-Agricultural Flood Damage



ANNEX VIIL.2

NON-AGRICULTURAL FLOOD DAMAGE, 1988 FLOODS

VIIL.2.1 Introduction

Flood damage data are not collected systematically in Bangladesh. Therefore, analysis of flood damages over
a significantly long period is not possible. However, during the colossal floods of 1987 and 1988, efforts
were made to collect data on flood damages. The 1988 floods being the highest in recorded history, it will be

worthwhile to have a comprehensive estimate of its damages to the south-cast region.

VIIL.2.2 Existing Studies of Damages of 1988 Floods

(a) GOB-UN Task Force estimated flood damages for 1988 to be US $ 2 237.1 m (Tk 69 000 m) including
$ 1 100 m (Tk 3 400 m) attributed to private sector housing. A regional breakdown of these estimates
is not available. (Throughout this paper a rate of exchange of US$ 1.00 = Tk 31.2 has been used,

tigures have been rounded).

(h) Following the above estimates, the government prepared the Rehabilitation Programme in connection
with the 1988 flood. The estimated cost of the government Rehabilitation Programme was US $ |
562.77 m (Tk 48 000 m) which does not include private sector housing programme of about US § |

000 m (Tk 31 000 m). No regional breakdown of this estimate is readily available.

(c) The "Pre-teasibility Study for Flood Control in Bangladesh” prepared by the French Engineering
Consortium (1989) accepted 1988 tlood damages to be US $ 1.3 billion (Tk 40 000 m) which
included a sum of US $ 132 m (Tk 41 000 m) for private housing following a 1988 post-flood study
on rural housing conducted by the Bangladesh Institute of Development Studies (BIDS). This study
also gave a district-wise breakdown of damages. hased on information gathered from the Bangladesh
Ministry of Relief and Rehabilitation. The sum of the regional damages 1s Tk 14 026 m (or US $ 445
m approximately). The reason for this wide divergence between US $ 1.3 billion (Tk 40 000 m)
accepted as the total damage and US $ 445 million shown as sum of regional damages is that the latter
does not cover estimates on such vital sectors as industries. post and telecommunications, raillways.

family planning and public health, educational facilities ete.

VIIIL.2.3 Sectoral Breakdown of 1988 Flood Damages

There are two sets of sectoral allocations on flood damages namely one from the GOB-UN Task Force and the

other trom the GOB Rehabilitation Programme for 1988 Flood. These are shown below.

ANV VIIIZ2-1
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Rehabilitation

Sectors Estimates of Damages Provramime 1988
I, Agriculture 168.0 164.14
7 Flood Control & Irrigation 205E 22132
3 Transport 309.9 331.00
4. Communication 101.4 216.08
5. Energy 55.2 38.63
6. Industry 225.2 221.76
i Health and Family Planning 377 50.62
8. Education 58.0 80.16
9. Physical Planning & Housing ] 055.1 98.06
10. Social N.A. 140.20
1)t Public Admunistration N.A 0.20

Total 2237 1* 1 562.7*
5 [These do not mclude private sector housing programme of about

Summary Statement on Flood Damage Estimates and Rehabilitation Programme 1988

Economiv

(US § million)
GOB-UN Task Force

G @ B

$ 1 000 m (Tk 31 000 m)].

N.A.: Not available

Economic GOB-UN Task Force G @] B
Rehabilitation
Sectors Estimates of Damaves Provramime 1988
l. Agriculture 5210 5090
2, Flood Control & Irngation 7 020 6 860
3; Transport 9610 10 280
4. Communication 3 140 6 700
5. Energy 1710 1 200
6. Industry 6 980 6 870
W Health and Family Planning 1170
8. Education 1 800 2 480
9. Physical Planning & Housing 32170 3 040
10. Social N.A. 4 350
I Public Administration N.A. 10
Total 69 350% 4 8450*

* [These do not include private sector housing programme of about Tk 31 000 m)|

Summuary Statement on Flood Damage Estimates and Rehabilitation Programme 1988

(US Tk mulhion)

N.A.: Not available

Thus. we have to apportion close to US § 1.5 hillion (Tk 46 000 m) amony the several flood affected districts.

ANV
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VIIL.2. 4 Breakdown of Damage by Region

Project digests are available in the document entitled, Bangladesh Flood 1988: Rehabilitation Programme,
indicating the total sum earmarked for each project and the nature of tlood damage rehabilitation. However,
these projects were drawn up in great haste towards the close of 1988 or carly 1989. Both conceptual and
statistical issues were to be faced while considering the project digests, which did not show regional/district-wise

allocations.

Therefore, the approach used by the consultants was to obtain data from the ministries and agencies sponsoring
these projects : hackground materials were sometimes available with the Project Proformas (PPS). In some
cases the cost of individual sectoral projects did not add up to the sectoral totals, due mainly to constant changes
in the project profiles occasioned by availability or otherwise of donors and funds. Sometimes, the nature of
the project cost and objectives of the project indicated that tlood control could not have saved these particular
damages in the SE Region. Therefore, judgement had to be exercised to accept a certain project or its
particular component before regional allocation could be made. The following pages detail the process of
regionalisation of the 1988 tlood damages by sectors.  Only non-agricultural damages are being considered.

Crop damages are estimated separately.

The following Tahle VIIL.2.1 presents the non-agriculture damages by Districts in the south east region where

available. The total is estimated at Tk 3,539.9 million. The basis for the estimates is described below.
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VIIL.2. Breakdown by Sector within South East Region

VIII.2.5.1 Transport (TK 337.0 million)
Roads and Bridges

The regional allocation in the French Engineenng Consortium pre-feasibility study was compared with
departmental records. The regional allocation of the pre-feasibility study was based on information derived
trom the Ministry of Relief and Rehabilitation and was accepted here. The national total on roads and bridges

damages reported in the above study is close to the GOB estimates.
Railway

The latest project protorma (PP) of the Railway Department was used to apportion the rehabilitation costs. The
PP shows Tk | 244 million as total cost for the country, of which Tk 498 m are for the Eastern Zone. Area
specific costs are found for about 70 per cent of the costs. The rest of the costs on track repairs. sleepers,
signals, etc. are divided on the basis of the share of the atfected track. South East region’s share is rather
small, compared to East Zone's rehabilitation expenditures, as a large section of the severely atfected tracks
lie outside the region in greater Dhaka and Mymensingh and the huge cost of Meghna Railway Bridge is not

attributed to this region.
Aviation and Navigation

Costs of rehabilitation of inland water transport or civil aviation are not regionalised as their contribution to

the region is marginal.
VIIL2.5.2 Communication (Tk 47.4 million)
Telephone and Telegraph

T & T Board's estimates showed a damage of Tk. 3 186 m following the GOB-UN Task Force compared to
about Tk. 6 535 m later shown as the sum of rehabilitation projects. This is the sector where the divergence
between GOB-UN Task Force and GOB estimates is the greatest. We tollowed the former GOB-UN estimates,

and the costs were available by districts.

Postal Department

Costs were available in a highly aggregated form. Tk 250 m were shown as total damage to the country

and Tk 14.4 m or six per cent could he earmarked to the region.
VIIL.2.5.3 Energy (Tk 1 844.5 million)

The PP for 1988 Flood damage rehabilitation was available with the Energy Section of the Planning

Commussion.
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(1) Power Development Board (PDB)

The PP showed a total cost or rehabilitation of Tk 1 155 million which 1s 1n consonance with the GOB
estimates shown ahove, but talls short of the GOB-UN Task Force estimates. Area specific costs are available
tor 23 per cent of the estimates.  About 50 per cent of the costs are for damaged meters or associated
accessories, The judgement of the experts in the field was to apportion this cost among the districts on the hasis
of area specific damage costs. None of the districts of greater Noakhali appears to have sustained anv loss on

this count.
(h) Rural Electrification Board (REB)

Tk 128 m were shown as cost of rehabihitation for 1 793 000 households shown by each of the atfected

districts. The entire sum was allocated by the number of affected households in each district.
(c) Gas
Total original cost shown in the GOB estimates 1s Tk 11.7 m for greater Dhaka Comilla and Sylhet. However,

the relevant corporation now considers that only Th 1.8 m were spent in Comilla and no turther rehabilitation

work 15 necessary, as gas transmission s designed to withstand annual floods.

VIIL2.5.4 Industries (Tk 843.7 million)

Source

1) Project Digests of Bangladesh Food 1988: Rehabilitation Programme,
1) Banygladesh Small and Cottage Industries Corporation (BSCIC), and

i) Bangladesh Handloom Board.

Total allocation by GOB was tor US § 221.76 m or about Tk 6.985 m. Out of this. Bangladesh Sugar Mills
Corporation’s Tk 137 m or Jute Mills Corporation’s Tk 2 mulhion were not relevant for South East region.
Again, the Mimistry of Industries, Weaver Assistance Programme cosung Tk | 060 m was not considered to
be tlood rehabilitation oriented. Thus, allocations are made for projects ot BSCIC  (Tk 4 730 m) and
Handloom Board (Tk 1 020 m).

(a) BSCIC
The oftice of the Director of Planning otfered detailed information by Districts for BSCIC industrial estates and
BSCIC assisted industries. However. rehabilitation of small and cottage industries which were not assisted by

BSCIC also required rehabilitation assistance. These programmes were also drawn up by BSCIC but shown hy

old (greater) districts.
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(h) Handloom Board
The office of the Chief Planning Officer furnished the details of the project, entitled "Post-flood Weaver

Rehabilitation (Tk | 020 m) by districts.

VII1.2.5.5 Health and Family Planning (Tk 62.4 million)

Source
Health Section and Family Planning Section of the Planning Commission.
The GOB-UN Task Force estimated total damage of US § 37.7 m while the GOB Rehabilitation Programme

offered project digests for US $ 50.6 m (Tk | 170 m). Regional allocation were however, available for Tk |

186 m from the GOB-UN Task Force Studies. The latest PPs for US$ 50.6 m were not available.

(a) Family Planning

Damage to Family Welfare Centres in the country was estimated at Tk. 139 m. In all 898 Family Planning
Weltare Centres were atfected: 17 in greater Noakhali and 86 in greater Comilla, each costing Tk 94,989 to

repair. Nineteen Training Centres were rehabilitated in the country costing Tk 42.3 m. One was located in

Comilla and the other in Chandpur in the South East region. Each was allocated Tk 2.3 m.
(h) Health Sector

Three projects under the sector were allocated Tk 1 023 m.  Location specific allocations were available from

the PP.
Education (Tk 262 million)

Source
Deputy Chiet, Mimstry of Education.

Total cost of rehabilitation under the Education Sector was US$ 58 m (Tk 1 800 m) as per the GOB-UN Task
Force and US$ 80.16 m (Tk 2 480 m) as per GOB Project Digest. Allocations were made by districts for
various types of educational institutions such as primary, secondary, college, madrasha and vocational training

institutions. The sub-allocations added upto the total of Tk 252 million.
Dwelling (Tk 230 million)

Private dwelling repair and rehabilitation costs are somewhat debatable. The GOB-UN Tusk Force estimates
of about USS 1000 m (Tk 31 000 m) are considered to be too high. Following the post-tlood survey of rural

housing damages by the Bangladesh Institute of Development Studies (BIDS), the prefeasibility study mentioned
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above accepted u national damage of rural housing to be US$ 162 m (Tk 5 000 m) which was apportioned by

districts. GOB project digest did not ofter any comprehensive plan tor rural housing. A« such, the damages

allocated by the prefeasibility study has been used here.

The pre-teasibility study had a separate category under rovernment building. This 15 not reported in this study.

as povernment buildings are subsumed in the sectoral allocations.

Concluding Remarks

A note of warning may be given here. Many national and international experts have opined that the flood

damage estimates are significantly on the high side. due mainly to:

(1

(2)

(3)

the ofticial hahit of calculated or conscious overestimation for budgetary provisions. particularly if

external assistance 15 expected,

the tond hope o undertake most accumulated or foreseeable maintenance work in the name of flood

damage. and

the marginal push of 1988 flood triggerning ott the potential damages lving under the veneer of
inadequate  repair and  maintenance work  of many  buildings, equipments, roads and  other
intrastructures. Besides., while crop damages are persistently followed over the years. non-agricultural
damages are only estimated occasionally during catastrophic tloods and cvelones. Thus both expertise

and experience are lacking in this case.

It may be mentioned that some direct damages such as urban housing losses or losses to rural hats and bazars

or municipal water supplies ete. are not included in the above estimates due to the lack of data.  Besides,

secondary effects of floods in terms of reduced economic activity, consumer demand, reduced employment. etc.

are not also estumated.

It may also be noted that the 1988 Flood did not significantly affect the Noakhali and Fem districts of the South

East region and as such. the region’s share of the national damage 1s considerably less than that of other areas.
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VIIIL.3

Project Evaluations - Additional Economic Analysis Tables



TABLE VIIL3.1
Distribution of Land by Flood Phase/Irrigation (ha)

Planning Unit 1, Polder 59/2

Gross area 33086
Net Cultivated Area (NCA) 26469 (excluding orchards)
Land Category FOIO FOIr F110 F1lr  F2I0 F2ir F310 F3Ir All AlLL AlLL
Present
Area (ha) 0 0 24879 2 1554 34 0 0 26433 36 26469
% NCA 0 0 94 0 6 0 0 0 100 0 100
Project year 1
Area (ha) 0 0 24879 2 1554 34 0 0 26433 36 26469
%NCA 0 0 94 0 6 0 0 0 100 0 100
Future Without (1)
Area (ha) 0 0 24879 2 1554 34 0 0 26433 36 26469
% NCA 0 0 P4 0 6 0 0 0 100 0 100
Future Without (2)
Area (ha) 0 0 24879 2 1554 34 0 0 26433 36 26469
% NCA 0 1] Q4 0 & 0 0 0 100 0 100
Future With (1)
Area (ha) 0 0 16889 7992 1044 544 0 0 17933 8536 26469
% NCA 0 0 64 30 4 2 0 0 68 32 100
Future With (2)
Area (ha) 0 0 16889 7992 1044 544 0 0 17933 8536 26469
% NCA 0 0 A 30 4 2 0 0 68 32 100
Note: FOIO land excludes orchards
TABLE VIIL3.2
Labour requirements and paddy production
Planning Unit 1, Polder 59/2
LABOUR REQUIREMENTS PADDY PRODUCTION
Labour Present FWO(1) FWO(2) FW(1) FW(2) Present FWO(1) FWOC2) FW(1) FW(2)
Labour Labour Labour Labour Labour
md/ha md md md md md tonnes tonnes tonnes tonnes tonnes
('000s) ('000s) (’000s) ('000s) ('000s)
B Aus, local 141 1339 1339 1339 908 208 17148 17148 17148 11637 11637
T Aus, HYV 176 438 438 438 297 297 7327 7327 7327 4974 4974
B Aman local dw 109 74 74 74 b4 b4 1126 1126 1126 979 979
T Aman, local 168 2702 2702 2702 2648 2648 35140 35140 35140 34442 34442
T Aman, HYV 181 808 808 808 1126 1126 15105 15105 15105 21034 21034
Boro, local 118 4 4 4 2 2 83 83 83 56 56
Boro, HYV irrig 21 8 8 8 1801 1801 175 174 176 41357 41357
Wheat irrig. 127 0 0 0 0 0
Wheat unirrig. 102 79 79 79 54 54
Patato irrig. 194 0 0 0 0 0
Potato unirrig. 175 218 218 218 148 148
Jute 215 53 53 53 36 36
Pulses: ave. 51 13 13 13 9 9
Mustard 58 221 221 221 150 150
Sugarcane 255 1150 1150 1150 781 781
Spices (chilli) 157 39 39 39 27 27
Veg. (brinjal) 270 202 202 202 137 137
Total 7346 7346 7346 8187 8187 76105 76103 76103 114478 114478
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Annual Total (Net) Income, and Cropped Area by Crop

TABLE VIIL3.3

Planning Unit 1, Polder 59/2

Fronnmir Brices

Crop Year 1 Future WO (1)  Future WO (2) Future With (1) Future With (2)

Net Area  Total Area Total Area Total Area Total Area Total

Income Income Income Income Income Income

(Tk/ha) (ha) (Tk'000) (ha) (Tk'000) (ha) (Tk’000) (ha) (Tk’000) (ha) (Tk'DOD)
B Aus, local 3237 9300 29218 9500 29218 9500 29218 6447 19828 6447 20872
T Aus, HYV 6433 2488 15205 2488 15204 2488 15204 1689 10321 1689 10865
B Aman local dw 3894 &77 2504 677 2504 677 2504 589 2177 589 2292
T Aman, local 4840 16083 73947 16082 73947 16082 73947 15763 72477 15763 76292
T Aman, HYV 9988 44T 42499 4479 42499 L4T9 L2499 6237 59178 6237 62293
Boro, local 7965 31 235 31 235 31 235 21 158 21 166
Boro, HYV irrig 123648 36 425 36 423 36 423 8536 100293 8536 105571
Wheat jrrig. 9367 0 0 0 0 0 0 0 0 0 0
Wheat unirrig. 6834 777 5048 g 5048 777 5048 528 3425 528 3605
Potato irrig. 27301 0 0 0 0 0] 0 0 0 0 0
Potato unirrig. 14391 1244 17007 1244 17006 1244 17006 844 11545 844 12152
dute 4783 249 1130 249 1130 249 1130 169 767 169 808
Pulses: ave. 4922 249 1163 249 1163 249 1163 169 790 169 831
Mustard 1976 3841 7210 3841 7210 3841 7210 2606 4893 2606 5151
Sugarcane 6309 4509 27029 4509 27029 4509 27029 3061 18347 3061 19312
Spices (chilli) 14786 249 3495 249 3495 249 3495 169 2372 169 2497
Veg. (brinjal) 12094 746 8575 746 8575 746 8575 507 5821 507 6127
Total 45158 234691 45158 234688 45158 234688 47334 312394 47334 328836
Notes:

Total income is net of all o

Project Year 1

Future Without (1)
Future Without (2)

Future With (1)
Future With (2)
% Increment (1)
% Increment (2)

ANV

n-farm costs except for irrigation which is analysed separately

Assumed 1994/95
Future Without Project Conditions,

Future Without Project Conditions, Year 30

Future With Project Conditions, 5 years after project completion

Future With Project Conditions, Year 30
% difference FW (1) over FWO (1)
% difference FW (2) over FWO (2)
Vegetables includes both irrigated and unirrigated

VII3-2
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TABLE VIIL3.4

Cash Flows (1991 Economic Prices)

Planning Unit I, Polder 59/2

=

(Million Taka)
Benefits Costs

Year Net Net Incre-  Flood damage Total Capture Capital 0&M Total Net

Crop Crop mental Benefits Fisheries Costs Costs Costs Increment

Income Income Crop non-agr. crop Losses Benefits

FWo FW Income
1 235 235 0 0.0 0.0 0.0 0.0 49.1 0.0 49.1 -49.1
2 235 235 0 0.0 0.0 0.0 0.0 49.1 0.0 49.1 -49.1
3 235 235 0 0.0 0.0 0.0 0.0 49.1 0.0 49.1 -49.1
“ 235 235 0 0.0 0.0 0.0 0.0 49.1 0.0 49.1 -49.1
§ 235 235 0 0.0 0.0 0.0 0.0 49.1 0.0 49.1 -49.1
6 235 248 13 0.0 10.4 2353 4.9 12.4 17.2 6.1
T 235 260 26 0.0 10.4 36.3 4.9 12.4 17.2 19.0
8 235 273 39 0.0 10.4 49.2 4.9 12.4 17.2 31.9
9 235 286 52 0.0 10.4 62.1 4.9 12.4 17.2 44.9
10 235 299 65 0.0 10.4 75.0 4.9 12.4 17 57.8
1" 235 302 68 0.0 10.4 78.3 4.9 12.4 17.2 61.1
12 235 306 71 0.0 10.4 81.6 4.9 12.4 17.2 64 .4
13 235 309 74 0.0 10.4 84.9 4.9 12.4 7.2 &67.6
14 235 312 78 0.0 10.4 88.2 4.9 12.4 17.2 70.9
15 235 316 81 0.0 10.4 91.4 4.9 12.4 17.2 74.2
16 235 316 81 0.0 10.4 91.4 4.9 12.4 17.2 74.2
17 235 316 81 0.0 10.4 91.4 4.9 12.4 172 74.2
18 235 316 81 0.0 10.4 91.4 4.9 12.4 172 74.2
19 235 316 81 0.0 10.4 91.4 4.9 12.4 17.2 74.2
20 235 316 81 0.0 10.4 91.4 4.9 12.4 17.2 T4.2
21 235 316 81 0.0 10.4 1.4 4.9 12.4 17.2 74.2
22 235 316 81 0.0 10.4 91.4 4.9 12.4 17.2 74.2
23 235 316 81 0.0 10.4 91.4 4.9 12.4 17.2 74.2
24 235 316 81 0.0 10.4 91.4 4.9 12.4 17.2 74.2
25 235 316 81 0.0 10.4 91.4 4.9 12.4 17.2 74.2
26 235 316 81 0.0 10.4 91.4 4.9 12.4 17.2 74.2
27 235 316 81 0.0 10.4 91.4 4.9 12.4 17.2 74.2
28 235 316 81 0.0 10.4 91.4 4.9 12.4 172 74.2
29 235 316 81 0.0 10.4 91.4 4.9 12.4 17.2 74.2
30 235 316 81 0.0 10.4 91.4 4.9 12.4 17.2 74.2
Present Value a12% 2150 260 0.0 46.4  306.0 21.6 176.9 900 253.5 52.5

ANV

VIII3-3



TABLE VIIL.3.5
Distribution of Land by Flood Phase/Irrigation (ha)

Planning Unit 2, South Sudharam, Polder-59/3A & Polder-39/3B (Options 1 and 2)

Gross area 84800

Net Cultivated Area (NCA) 69800 (excluding orchards)

Land Category FOl0 FOlr F110 F1lr  F210 F2lr F310 F3Ir AlL ALl ALl
Present

Area (ha) o 0 63635 1483 4570 112 0 o 68205 1595 69800
7% NCA 0 0 91 2 7 0 0 (0] P8 Z 100
Project year 1

Area (ha) 0 0 &3635 1483 4570 112 0 0 68205 1595 69800
“NCA 0 0 N 2 4 0 0 0] 98 2 100
Future Without (1)

Area (ha) 0 0 63635 1483 4570 112 0 0 68205 1595 69800
% NCA 0 0 91 Z 7 0 0 0 o8 2 100
Future Without (2)

Area (ha) 0 0 63635 1483 4570 112 0 0 68205 1595 69800
% NCA 0 0 91 2 i 0 o 0 98 2 100
Future With (1)

Area (ha) o 0 63635 1483 4570 112 4] 0 68205 1595 69800
% NCA 0 0 91 2 7 0 0 0 8 2 100
Future With (2)

Area (ha) 0 0 63635 1483 4570 112 0] 0 68205 1595 69800
% NCA 0 0 @1 2 7 0 0 0 98 2 100

Note: FOIO land excludes orchards
TABLE VIIL.3.6
Labour requirements and paddy production

Planning Unit 2, South Sudharam, Polder-59/3A & Polder-59/3B (Options 1 and 2)

LABOUR REQUIREMENTS PADDY PRODUCTION
Labour Present FWO(1) FWO(2) FW (1) FW (2) Present FWO(1) FWO(2) FW(1) FW (2)
Labour Labour Labour Labour Labour
md/ha md md md md md tonnes tonnes tonnes tonnes tonnes
('000s) (’000s) (’'000s) ('000s) ('000s)

B Aus, local 141 3440 3440 3440 3440 3440 44066 L4066 44066 44066 44066
T Aus, HYV 176 1120 1120 1120 1120 1120 18740 18740 18740 18740 18740
B Aman local dw 109 197 197 197 197 197 2998 2998 2998 2998 2998
T Aman, local 168 7070 7070 7070 7070 7070 91954 91954 91954 91954 91954
T Aman, HYV 181 2175 2175 2175 2175 2175 40630 40630 40630 40630 40630
Boro, local 118 1 M 1 1 1 243 243 243 243 2L3
Boro, HYV irrig 211 337 337 337 337 337 7728 7728 7728 7728 7728
Wheat irrig. 127 0 0 0 0 0
Wheat unirrig. 102 203 203 203 203 203
Potato irrig. 194 0 o] 0 0 0
Potatoc unirrig. 175 557 557 557 557 557
Jute 215 136 136 136 136 136
Pulses: ave. 51 32 32 32 32 32
Mustard 58 567 567 567 567 567
Sugarcane 255 2944 2944 2944 2944 2944
Spices (chilli) 157 100 100 100 100 100
Veg. (brinjal) 270 515 515 515 515 515

Total: 19404 19404 19404 19404 19404 206360 206360 206360 206360 206360
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TABLE VIIL3.7

Annual Total (Net) Income, and Cropped Area by Crop
Planning Unit 2, South Sudharam, Polder-59/3A & Polder-59/3B (Options 1 and 2)

Economic Prices

Crop Year 1 Future WO(1) Future WO(2) Future With(1) Future With(2)

Net Area Total Area Total Area Total Area Total Area Total

Income Income Income Income Income Income

(Tk/ha)  (ha) (Tk’000) (ha) (Tk’000) (ha) (Tk’000) (ha) (Tk’000) (ha) (Tk'000)
B Aus, local 3237 24413 75082 24413 75082 24413 75082 24413 75082 24413 79033
T Aus, HYV 6433 6363 38890 6363 38890 6363 38890 6363 38890 6363 40936
B Aman local dw 3894 1803 6670 1803 6670 1803 6670 1803 6670 1803 7021
T Aman, local 4840 420846 193503 42084 193503 42084 193503 42084 193503 42084 203688
T Aman, HYV 9988 12048 114314 12048 114314 12048 114314 12048 114314 12048 120331
Boro, local 7965 1 692 91 692 91 692 91 692 91 728
Borao, HYV irrig 12368 1595 18740 1595 18740 1595 18740 1595 18740 1595 19727
Wheat irrig. 9367 0 0 0 0 0 0 0 0 o] 0
Wheat unirrig. 6834 2000 12988 2000 12988 2000 12988 2000 12988 2000 13672
Potato irrig. 27301 0 0 0 0 0 0 0 0 0 0
Potato unirrig. 14391 3182 43499 3182 43499 3182 43499 3182 43499 3182 45788
Jute 4783 636 2891 636 2891 636 2891 636 2891 636 3044
Pulses: ave. 4922 636 2976 636 2976 636 2976 636 2976 636 3132
Mustard 1976 9865 18521 9865 18521 9865 18521 9865 18521 9865 19495
Sugarcane 6309 11546 69204 11546 69204 11546 69204 11546 69204 11546 72847
Spices (chilli) 14786 636 8938 636 8938 636 8938 636 8938 636 9409
Veg. (brinjal) 12094 1909 21933 1909 21933 1909 21933 1909 21933 1909 23087
Total 118809 628841 118809 628841 118809 628841 118809 628841 118809 461938
Notes:

Total income is net of all on-farm costs except for irrigation which is analysed separately
Assumed 1994/95

Future Without Project Conditions. 5 years after project would have been completed

Project Year |

Future Without (1)

Future Without (2)

Future With (1)
Future With (2)
% Increment (1)

% Increment (2)

Future Without Project Conditions, Year 30

Future With Project Conditions, 5 years after project completion

Future With Project Conditions, Year 30

% difterence FW (1) over FWO (1)
% ditterence FW (2) over FWO (2)

Vegetables includes hoth irrigated and unirrigated
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TABLE VIIL3.§

Cash Flows (1991 Economic Prices)

Planning Unit 2, South Sudharam, Polder-39/3A & Polder-59/3B (Option 1)

(Milhon Taka)

Benefits Costs
Year Net Net Incre- Flood damage Total Capture Capital O&M Total Net
Crop Crop mental Benefits Fisheries Costs Costs  Costs Increment
Income Income Crop non-agr. crop Losses Benefits
FWO FW Income
1 626 626 0 0.0 0.0 0.0 0.0 38.1 0.0 38.1 -38.1
2 626 626 0 0.0 0.0 0.0 0.0 38.1 0.0 38.1 -38.1
3 626 626 0 0.0 0.0 0.0 0.0 38.1 0.0 38.1 -38.7
- 626 626 ] 0.0 0.0 0.0 0.0 38.1 0.0 38.1 -38.1
5 626 626 0 0.0 0.0 0.0 0.0 38.1 0.0 38.1 -38.1
6 626 626 0 0.0 56.3 56.3 13.2 8.1 21.3 35.0
7 626 626 0 0.0 56.3 56.3 13.2 8.1 21.3 35.0
8 626 626 0 0.0 56.3 36.3 15.2 8.1 21.3 35.0
9 626 626 0 0.0 56.3 56.3 157 8.1 21.3 35.0
10 626 626 0 0.0 56.3 56.3 13.2 8.1 21.3 35.0
1 626 633 7 0.0 56.3 62.9 13.2 8.1 21.3 41.6
12 626 639 13 0.0 56.3 69.5 13.2 8.1 21.3 48.2
13 626 646 20 0.0 56.3 76.1 13.2 B.1 21.3 54.8
14 626 653 26 6.0 56.3 82.8 13.2 8.1 21.3 61.4
15 626 659 33 0.0 56.3 89.4 13.2 8.1 21.3 68.1
16 626 659 33 0.0 56.3 8%.4 13.2 8.1 213 68.1
17 626 659 33 0.0 56.3 89.4 13.2 8.1 21.3 68.1
18 626 659 33 0.0 56.3 89.4 13.2 8.1 21.3 68.1
19 626 659 33 0.0 56.3 89.4 13.2 8.1 21.3 68.1
20 626 659 33 0.0 56.3 89.4 13.2 8.1 21.3 68.1
21 626 659 33 0.0 56.3 89.4 13.2 8.1 21,5 68.1
22 626 659 33 0.0 56.3 89.4 13.2 8.1 £1.3 68.1
23 626 659 33 0.0 56.3 89.4 13.2 8.1 21.3 68.1
24 626 659 33 0.0 56.3 89.4 13.2 8.1 21.3 68.1
25 626 659 33 0.0 56.3 89.4 13.2 8.1 21.3 68.1
26 626 659 33 0.0 56.3 89.4 13.2 8.1 21.3 68.1
27 626 £59 33 0.0 56.3 89.4 13.2 8.1 21.3 68.1
28 626 659 33 0.0 56.3 89.4 3.2 8.1 21.3 68.1
29 626 659 33 0.0 56.3 89.4 13.2 8.1 21.3 68.1
30 626 659 33 0.0 56.3 89.4 152 8.1 21.3 68.1
Present Value al12% 5107 62 0.0 250.4 312.9 58.7 137.5 36.2 232.3 80.6

EIRR (%) 16.86
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TABLE VIIL3.9

Cash Flows (1991 Economic Prices)

Planning Unit 2, South Sudharam, Polder-59/3A & Polder-59/3B (Option 2)

(Million Taka)
Benefits Costs

Year Net Net Incre- Flood damag e Total Capture Capital O0&M Total Net

Crop Crop mental Benefits Fisheries Costs Costs Costs [ncrement

Income Income Crop non-agr. crop Losses Benefits

FWO FW Income
1 626 626 0 0.0 0.0 0.0 0.0 63.0 0.0 63.0 -63.0
2 626 626 0 0.0 0.0 0.0 0.0 63.0 0.0 63.0 -63.0
3 626 626 0 0.0 0.0 0.0 0.0 63.0 0.0 63.0 -63.0
4 626 626 0 0.0 0.0 0.0 0.0 63.0 0.0 63.0 -63.0
5 626 626 0 0.0 0.0 0.0 0.0 63.0 0.0 63.0 -63.0
6 626 626 0 0.0 56.3 56.3 13.2 146.4 27.6 28.7
7 626 626 0 0.0 56.3 56.3 13.2 14.4 27.6 28.7
8 626 626 0 0.0 56.3 56.3 13.2 14.4 27.6 28.7
9 626 626 0 0.0 56.3 56.3 13.2 146.4 27.6 28.7
10 626 626 0 0.0 56.3 56.3 13.2 14.4 27.6 28.7
1 626 633 7 0.0 56.3 62.9 13.2 14.4 27.6 35.3
12 626 639 13 0.0 56.3 69.5 13.2 14.4 27.6 41.9
13 626 646 20 0.0 56.3 76.1 13.2 14.4 7.6 48.5
14 626 653 26 0.0 56.3 82.8 13.2 4.4 27.6 55.2
15 626 659 33 0.0 56.3 89.4 13.2 14.4 27.6 61.8
16 626 659 33 0.0 56.3 89.4 13.2 14.4 27.6 61.8
17 626 659 33 0.0 56.3 89.4 13.2 14.4 27.6 61.8
18 626 659 33 0.0 56.3 B9.4 13.2 14.4 27.6 61.8
19 626 659 53 0.0 56.3 89.4 13.2 14.4 27.6 61.8
20 626 659 33 0.0 56.3 89.4 13.2 14.4 27.6 61.8
21 626 659 33 0.0 56.3 89.4 13.2 14.4 27.6 61.8
22 626 659 33 0.0 56.3 89.4 132 14.4 27.6 61.8
23 626 659 33 0.0 56.3 B9.4 13.2 14.4 27.6 61.8
24 626 659 33 0.0 56.3 89.4 13.2 14.4 27.6 61.8
25 626 659 33 0.0 56.3 89.4 i i 14.4 27.6 61.8
26 626 659 33 0.0 56.3 89.4 13.2 14.4 27.6 61.8
27 626 659 33 0.0 56.3 89.4 13.2 14.4 27.6 61.8
28 626 659 33 0.0 56.3 89.4 13.2 14.4 27.6 61.8
29 626 659 33 0.0 56.3 89.4 13.2 14.4 27.6 61.8
30 626 659 33 0.0 56.3 89.4 13.2 14.4 27.6 61.8
Present Value 212% 5107 62 0.0 250.4  312.9 58.7 227.1 64.2  350.0 =370

EIRR (%) 10.37
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TABLE VIIL3.10

Lubour requirements and paddy production

Dakatia/Little Feni Transfer Scheme (Option 1 - includes 12871 ha served from the Dakatia)

LABOUR REQUIREMENTS

DADDY eRoDUCTION

Labour Present FWO(1) FWO(2) FW (1) FW (2) Present FWO(1) FWO(2) Fwil) FW(Z)
Labour Labour Labour Labour Labour

md/ha md md md md ma tonnes  tonnes  fonnes tonnes  tonnes
('D00s) ('000s) ('000s) (’'000s) ('000s)

B Aus, local 141 888 808 677 370 239 11969 10894 9133 4988 3227

T Aus, HYV 176 490 528 590 533 595 B627 9299 10398 9386 10485

B Aman local dw 109 1124 1126 1128 B&9 872 18008 18032 18073 13926 13967

T Aman, local 168 1927 1896 1847 1826 1776 26379 25963 25281 25003 24321

T Aman, HYV 181 2350 2380 2431 2376 2427 46209 46814 47803 46738 47727

Borao, local 118 99 100 102 157 159 2360 2381 2415 3737 3771

Boro, HYV irrig 211 5630 5936 6438 8288 8790 136074 143479 155603 200335 212459
Wheat irrig. 127 328 356 401 459 504
Wheat unirrig. 102 62 62 62 0 0
Potato irrig. 194 101 107 118 146 157
Potato unirrig. 175 106 91 65 70 45
Jute 215 100 9% 95 31 29
Pulses: ave. 51 6 6 6 6 <]
Mustard 58 86 B4 B0 34 30
Sugarcane 255 612 601 583 151 134
Spices (chilli) 157 36 38 42 16 20
Veg. (brinjal) 270 N 316 325 330 339

Total 14255 14535 14993 15665 16123 269626 256861 268705 304113 315958

ANANLE
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Annual Total (Net) Income, and Cropped Area by Crop

TABLE VIIL3.11

Dakatia/Little Feni Transfer Scheme (Option 1 - includes 12871 ha served from the Dakatia)

Economic Prices

Crop Year 1 Future WO(1) Future WO(2) Future With{1) Future With(2)
Net Area Total Area Total Area  Total Area Total Area Total
Income Income Income Income Income Income

(Tk/ha) (ha) (Tk’000) (ha) (Tk’000) (ha) (Tk’000) (ha) (Tk’000) (ha) (Tk’000)
8 Aus, local 3627 6299 22850 5734 20797 4807 17436 2625 9522 1698 6161
T Aus, HYV 7030 2783 19563 3000 21086 3354 23578 3028 21283 3382 23776
B Aman local dw 4268 10290 43920 10304 43981 10327 44080 7958 33966 7981 34066
T Aman, local 5325 11469 61077 11288 60113 10992 58534 10871 57890 10574 56312
T Aman, HYV 10802 13017 140601 13187 142439 13466 145449 13166 142210 13444 145220
Boro, local 8541 843 7198 850 7263 862 7366 1335 11399 1347 11503
Boro, HYV irrig 13363 26681 320879 28133 338341 30510 366931 39281 524907 41659 556673
Wheat irrig. 10150 2584 26224 2803 28446 3161 32084 3612 36665 3971 40304
Wheat unirrig. Thidb 606 4510 606 4510 606 4510 0 0 0 0
Potato irrig. 29370 521 15292 554 16271 609 17875 754 22153 809 23757
Potato unirrig. 15764 607 9569 521 8212 380 5989 399 6296 258 4073
Jute 5316 465 2473 459 2442 450 2391 145 772 136 721
Pulses: ave. 5274 126 663 125 657 123 647 123 651 121 641
Mustard 2263 1500 3395 1457 3298 1387 3138 596 1348 525 1189
Sugarcane 7068 2400 16960 2357 16660 2288 16169 593 4192 524 3701
Spices (chilli) 15847 229 3625 264 3865 269 4258 101 1604 126 1997
Veg. (brinjal) 13069 1151 15040 1170 15294 1202 15709 1223 15987 1255 16402
Total 81570 713840 82792 733673 B4792 T66145 85811 890846 87811 926495
Notes:

Total income is net of all on-farm costs except for irrigation which is analysed separately

Project Year I: assumed 1994/95

Future Without (1): Future Without Project Conditions, 5 years after project would have been completed

Future Without (2): Future Without Project Conditions, Year 30

Future With (1): Future With Project Conditions, 5 years after project completion

Future With (2): Future With Project Conditions, Year 30

% Increment (1): % difference FW (1) over FWO (1)

% Increment (2): % ditference FW (2) over FWQO (2)

Vegetables includes both irmgated and unirrigated
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VIII3-9



TABLE VIIL3.12

Cash Flows (1991 Economic Prices)

Dakatia/Little Feni Transtfer Scheme (Option 1 - includes 12871 ha served from the Dakatia)

Mitlion Tana)

Benefits Costs

Year Net Net Incre- Flood damage Total Capture Capital O&M Total Net

Crop Crop mental Benefits Fisheries Costs Costs Costs  Increment

Income Income Crop non-agr. Ccrop Losses Benefits

FWO FW Income
1 687 687 0 0.0 0.0 0.0 0.0 114.0 0.0 114.0 -114.0
2 688 688 0 0.0 0.0 0.0 0.0 114.0 0.0 114.0 -114.0
3 689 689 0 0.0 0.0 0.0 0.0 114.0 0.0 114.0 -114.0
4 691 691 0 0.0 0.0 0.0 0.0 114.0 0.0 114.0 -114.0
5 692 652 o 0.0 0.0 0.0 0.0 114.0 0.0 114.0 -114.0
<} 693 721 27 0.0 0.0 27.5 0.0 25.4 25.4 2.0
7 695 750 55 0.0 0.0 54.9 0.0 25.4 25.4 29.5
8 696 779 az 0.0 0.0 82.4 0.0 25.4 25.4 57.0
9 698 808 110 0.0 0.0 109.8 6.0 25.4 25.4 B4.4
10 700 837 137 0.0 0.0 137.3 0.0 25.4 25.4 1ME.e
M 726 864 138 0.0 0.0 137.9 0.0 25.4 25.4 112.5
12 725 864 139 0.0 0.0 138.6 0.0 25.4 25.4 113.1
13 725 864 139 0.0 0.0 139.2 0.0 25.4 25.4 113.8
14 725 B64 140 0.0 0.0 139.8 0.0 25.4 25.4 114.4
15 724 865 140 0.0 0.0 140.5 0.0 25.4 25.4 115.1
16 724 864 140 0.0 0.0 140.5 0.0 25.4 25.4 31551
17 723 863 140 0.0 0.0 140.5 0.0 25.4 25.4 &
18 722 863 140 0.0 0.0 140.5 0.0 25.4 25.4 115.1
19 722 862 140 0.0 0.0 140.5 0.0 25.4 25.4 1151
20 72z 862 140 0.0 0.0 140.5 0.0 25.4 25.4 115.1
21 722 B62 140 0.0 0.0 140.5 0.0 25,4 25.4 115.1
22 7ee 862 140 0.0 0.0 140.5 0.0 25,4 25.4 115.1
23 722 862 140 0.0 0.0 140.5 0.0 25.4 25.4 115.1
24 722 B62 140 0.0 0.0 140.5 0.0 25.4 25.4 115.1
25 722 862 140 0.0 0.0 140.5 0.0 25.4 25.4 1151
26 722 862 140 0.0 0.0 140.5 0.0 25.4 25.4 115.1
27 722 862 140 0.0 0.0 140.5 0.0 25.4 25.4 150
28 722 862 140 0.0 0.0 140.5 0.0 25.4 25.4 115.1
29 722 862 140 0.0 0.0 140.5 0.0 25.4 25.4 15.1
30 7e2 862 140 0.0 0.0 140.5 0.0 25.4 25.4 T
Present Value a12% 6141 492 0.0 0.0 492.0 0.0 410.8 113.1 524.0 -31.9

EIRR (%) 11.25
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TABLE VIIL3.13
Distribution of Land by Flood Phase/Irrigation (ha)

Dakatia/Little Feni Transfer Scheme (Option 2 - includes 12871 ha served from the Dakatia and 2333 ha
in Noakhali/Muhuri)

Gross area 30982 Within Little Feni Planning Unit
Net Cultivated Area (NCA) 20758 (excluding orchards)

Land Category FOI0 FOIr F110 F1ir  F210 F2lr F310 F3ir ALL ALL ALl
10 Ir 10+Ir

Present

Area (ha) 5875 5927 2660 2683 1736 1751 63 63 10334 10424 20758

% NCA 28 29 13 13 8 8 0 0 50 50 100

Project year 1

Area (ha) 5875 5927 2660 2683 1736 1751 63 63 10334 10424 20758

%NCA 28 29 13 13 8 8 0 0 50 50 100

Future Without (1)

Area (ha) 4833 6969 2188 3155 1428 2059 52 74 8501 12257 20758

% NCA 23 34 1 15 7 10 0 0 41 59 100

Future Without (2)

Area (ha) 3128 8674 1416 3927 924 2563 33 93 5501 15257 20758

% NCA 15 42 7 19 4 12 0 0 27 73 100

Future With (1)

Area (ha) 698 11104 316 5027 206 3281 7 119 1228 19530 20758

% NCA 3 53 2 24 1 16 0 1 6 94 100

Future With (2) %

Area (ha) 0 11802 0 5343 0 3487 0 126 0 20758 20758

% NCA 0 57 0 26 0 17 0 1 0 100 100

Note: FOI0 land excludes orchards

TABLE VIIL3.14
Labour requirements and paddy production

Dakatia/Little Feni Transfer Scheme (Option 2 - includes 12871 ha served from the Dakatia and 2333 hu
in Noakhali/Muhuri)

LABOUR REQUIREMENTS PADDY PRODUCTION
Labour Present FWO(1) FWO(2) FW(1) FW(2) Present FWO(1) FWO(2) FW(1) FW (2)
Labour Labour Labour Labour Labour
md/ha md md md md md tonnes tonnes tonnes tonnes tonnes
('000s) ('000s) ('000s) ('000s) ('000s)

B Aus, local 141 1018 938 807 53 0 13722 12647 10887 720 0
T Aus, HYV 176 531 569 632 714 739 9353 10025 11123 12574 13024
B Aman local dw 109 1160 1161 1164 895 896 18574 18599 18640 14343 14359
T Aman, local 168 2012 1982 1932 1815 1794 27551 27135 26454 24844 24565
T Aman, HYV 181 2539 2570 2620 2647 2668 49939 50543 51532 52064 52469
Boro, local 118 99 100 102 163 163 2360 2381 2415 3857 3871
Boro, HYV irrig 211 5630 5936 6438 9913 10118 136074 143479 155599 239603 244564
Wheat irrig. 127 328 356 401 596 615
Wheat unijrrig. 102 72 e 72 ] 0
Pctatc irrig. 194 101 107 118 183 168
Potato unirrig. 175 109 24 69 10 0
Jute 215 112 110 108 26 25
Pulses: ave. 51 7 T 4 -] -]
Mustard 58 20 87 83 24 23
Sugarcane 255 660 649 631 108 101
Spices (chilli) 157 45 47 51 25 27
Veg. (brinjal) 270 337 342 350 382 385

Total 14848 15127 15585 17562 17749 257574 264809 276649 348005 352852
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TABLE VIIL3.15

Annual Total (Net) Income, and Cropped Area by Crop

Dakatia/Little Feni Transfer Scheme (Option 2 - includes 12871 ha served from the Dakatia and 2333 ha
in Noakhali/Muhuri)

Economic Prices

Crop Year 1 Future WO(1) Future WO(2) Future With(1)  Future With(2)
Net Area Total Area Total Area Total Area Total Area Total
Income Income Income Income Income Income
(Tk/ha) tha) (Tk'000) (ha) (Tk'000) <(ha) (Tk'000) C(ha) (Tk'000) (ha) (Tk'000)
B Aus, local 3627 7222 26197 6656 24144 5730 20784 379 1375 0 0
T Aus, HYV 7030 3017 21209 3234 22732 3588 25223 4056 28514 4201 29534
B Aman local dw 4268 10614 45303 10628 45363 10651 45462 8196 34982 8205 35022
T Aman, local 5325 11979 63791 11798 62827 11502 61249 10802 57522 10680 56876
T Aman, HYV 10802 14067 151950 14238 153788 14516 156797 14666 158414 14780 159646
Bore, local 8541 843 7198 850 7263 862 7366 1377 11764 1382 11807
Boro, HYV irrig 13363 26681 311965 28133 328943 30510 356729 46981 627794 47954 640792
Wheat irrig. 10150 2584 26224 2803  2B446 3161 32083 4693 47637 4840 49126
Wheat unirrig. 7444 705 5248 705 5248 705 5248 0 0 0 0
Potato irrig. 29370 521 15292 554 16271 609 17875 945 27742 967 28398
Potato unirrig. 15764 621 9788 535 8431 394 6209 58 Q09 0 0
Jute 5316 520 2764 514 2733 505 2682 122 648 118 627
Pulses: ave. 5274 138 726 137 720 135 710 119 627 118 622
Mustard 2263 1559 3527 1516 3429 1445 3270 425 962 396 897
Sugarcane 7068 2587 1B283 2544 17983 2475 17492 425 3002 396 2801
Spices (chilli) 15847 285 4524 301 4764 325 5156 161 2556 171 2717
Veg. (brinjal) 13069 1246 16291 1266 16544 1298 16959 1414 18485 1427 18655
Total 85189 730280 86411 749629 BB410 781296 94819 1022933 95638 1037520
Notes:

Total income is net of all on-farm costs except for irrigation which is analysed separately

Project Year | : Assumed 1994/95

Future Without (1) : Future Without Project Conditions, 5 years after project would have been completed
Future Without (2) : Future Without Project Conditions, Year 30

Future With (1) : Future With Project Conditions, 5 years after project completion

Future With (2) : Future With Project Conditions, Year 30

% Increment (1) i % difference FW (1) over FWO (1)

% Increment (2) ¢ % difference FW (2) over FWO (2)

Vegetables includes both irngated and unirrigated
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TABLE VIIL3.16
Cash Flows (1991 Economic Prices)

Dakatia/Little Feni Transfer Scheme (Option 2 - includes 12871 ha served from the Dakatia and 2333 ha
in Noakhali/Muhuri)

(Million Taka)

Benefits Costs
Year Net Net Incre- Flood damage Total Capture Capital O0&M Total Net
Crop Crop mental Benefits Fisheries Costs Costs Costs Increment
Income Income Crop non-agr. crop Losses Benefits
FWo FW Income
1 704 704 0 0.0 0.0 0.0 0.0 176.7 0.0 176.7 -176.7
2 705 705 0 0.0 0.0 0.0 0.0 176.7 0.0 176.7 “176.T
3 706 706 0 0.0 0.0 0.0 0.0 176.7 0.0 176.7 -176.7
- 707 707 0 0.0 0.0 0.0 0.0 176.7 0.0 176.7 1767
5 708 708 0 0.0 0.0 0.0 0.0 176.7 0.0 176.7 -176.7
6 710 757 47 0.0 0.0 47.5 0.0 51.5 51.5 -4.0
7 711 806 95 0.0 0.0 95.0 0.0 51.5 51.5 43.5
8 713 ass 142 0.0 0.0 142.4 0.0 51.5 51.5 1.0
9 714 Q04 190 0.0 0.0 189.9 0.0 51.5 51.5 138.5
10 716 953 237 0.0 0.0 237.4 0.0 51.5 51.5 185.9
1" 741 976 235 0.0 0.0 234.9 0.0 51.5 51.5 183.4
12 741 973 232 0.0 0.0 232.5 0.0 51.5 51.5 181.0
13 740 970 230 0.0 0.0 230.1 0.0 51.5 ) P 178.6
14 740 968 228 0.0 0.0 227.7 0.0 51.5 51.5 176.3
15 739 965 225 0.0 0.0 225.5 0.0 51.5 51.5 174.0
16 739 965 227 0.0 0.0 226.6 0.0 51.5 51.5 175.2
17 738 966 228 0.0 0.0 227.9 0.0 51.5 51.5 176.4
18 738 967 229 0.0 0.0 229.2 0.0 51.5 95¥:3 177.8
19 737 968 231 0.0 0.0 230.6 0.0 51.5 51.5 179.1
20 737 968 231 0.0 0.0 231.4 0.0 51.5 51.5 179.9
21 737 968 231 0.0 0.0 231.4 0.0 51.5 51.5 179.9
22 737 968 231 0.0 0.0 231.4 0.0 51.5 51.5 179.9
23 737 968 231 0.0 0.0 231.4 0.0 51.5 51.5 179.9
24 737 968 231 0.0 0.0 231.4 0.0 5.5 51.5 179.9
25 737 968 231 0.0 0.0 231.4 0.0 5 PR) 51.5 179.9
26 737 968 231 0.0 0.0 231.4 0.0 51.5 51.5 179.9
27 737 968 231 0.0 0.0 231.4 0.0 51.5 51.5 179.9
28 737 968 231 0.0 0.0 231.4 0.0 51.5 51.5 179.9
29 737 968 231 0.0 0.0 231.4 0.0 51.5 51.5 179.9
30 737 968 231 0.0 0.0 231.4 0.0 1.5 P 179.9
Present Value @12% 6601 823 0.0 0.0 823.4 0.0 636.9 229.0 865.9 -42.5

EIRR (%) 11.36
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TABLE VIIL3.17
Distribution of Land by Flood Phase/Irrigation (ha)

Planning Unit 4 - Little Feni River (Option 3 - Musapur Regulator)

Gross area 64851

Net Cultivated Arca (NCA) 45396 (excluding orchards)

Land Category FOI0 FOIr F110 F1lr  F210 F2lr F310 E3lr AlLL AlLL AllL
10 Ir 10+1r

Present

Area (ha) 20013 8125 7976 3238 4160 1689 138 56 32288 13108 45396

% NCA b 18 18 T g 4 0 ] 71 29 100

Project year 1

Area (ha) 20013 8125 7976 3238 4160 1689 138 56 32288 13108 45396

%NCA AA 18 18 7 9 4 0 0 71 29 100

Future Without (1)

Area (ha) 18455 9683 7355 3859 3836 2013 128 67 29774 15622 45396

% NCA 41 21 16 9 8 & 0 0 56 34 100

Future Without (2)

Area (ha) 16816 11322 6702 4512 3495 2353 116 78 27130 18266 45396

% NCA 37 25 15 10 8 5 0 0 60 40 100

Future With (1)

Area (ha) 21381 12061 6182 3487 1399 789 62 35 29024 16372 45396

% NCA 47 27 14 8 3 2 0 0 64 36 100

Future With (2)

Area (ha) 19433 14008 5619 4050 1271 216 57 41 26380 19016 45396

% NCA 43 31 12 Q 3 2 0 0 58 42 100

Note: FOIO land excludes orchards

TABLE VIII.3.18
Labour requirements and paddy production

Planning Unit 4 - Little Feni River (Option 3 - Musapur Regulator)

LABOUR REQUIREMENTS PADDY PRODUCTION
Labour Present FWO(1) FWO(2) FW(1) FW(2) Present FWO(1) FWO(2) FW(1) FW(2)
Labour Labour Labour Labour Labour
md/ha md md md md md tonnes tonnes  tonnes tonnes tonnes
('000s) ('000s) ('000s) ('000s) ('000s)

B Aus, local 141 1461 1347 1228 1419 1290 19702 18168 16555 19136 17393
T Aus, HYV 176 719 774 832 856 919 12671 13638 14655 15071 16188
B Aman local dw 109 142 144 145 54 55 2273 2299 2326 872 882
T Aman, local 168 2318 2275 2229 2212 2161 31740 31143 30515 30286 29589
T Aman, HYV 181 4435 4481 4529 5078 5135 87230 88133 89083 99869 100998
Boro, local 118 5 5 6 3 3 109 130 151 60 70
Boro, HYV irrig 211 2168 2584 3021 2647 3074 52402 62452 73022 63976 74308
Wheat irrig. 127 213 253 296 303 352
Wheat unirrig. 102 0 0 0 0 0
Potato irrig. 194 47 56 66 62 72
Potato unirrig. 175 280 258 235 279 253
Jute 215 82 81 79 Q0 88
Pulses: ave. 51 15 15 15 18 18
Mustard 58 88 85 82 3 72
Sugarcane 255 387 374 362 323 316
Spices (chilli) 157 18 21 25 24 28
Veg. (brinjal) 270 258 266 275 257 268

Total 12636 13021 13425 13698 14105 206126 215963 226309 229272 239429
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Planning Unit 4 - Little Feni River (Option 3 - Musapur Regulator)

Annual Total (Net) Income, and Cropped Area by Crop

TABLE VIIL3.19

Economic Prices

Crop Year 1 Future WO(1) Future WO(2) Future With(1)  Future With(2)
Net Area Total Area Total Area Total Area Area Total
Income Income Income Income Income Income
(Tk/ha) (ha) (Tk000) (ha) (Tk’000) (ha) (Tk‘000) (ha) (Tk’000) (ha) (Tk’000)
B Aus, local 3627 10370 37613 9562 34684 8713 31604 10072 36533 9154 33205
T Aus, HYV 7030 4087 28732 4399 30926 4728 33232 4862 34176 5222 36708
B Aman local dw 4268 1299 5543 1314 5607 1329 5674 498 2127 504 2152
T Aman, local 5325 13800 73490 13541 72107 13268 70653 13168 70122 12865 68508
T Aman, HYV 10802 24572 265413 24826 268162 25094 271054 28132 303871 28450 307307
Boro, local 8541 39 331 46 395 54 462 22 184 25 214
Boro, HYV irrig 13363 10275 137301 12246 163634 14318 191329 12544 167627 14570 194498
Wheat irrig. 10150 1674 16987 1995 20245 2332 23672 2388 24238 2774 28152
Wheat unirrig. 7444 0 0 0 0 0 0 0 0 0
Potato irrig. 29370 244 717 291 8546 340 9992 319 9364 370 10877
Potato unirrig. 15764 1600 25216 1475 23252 1344 21188 1592 25095 1447 22809
Jute 5316 383 2038 375 1996 367 1951 420 2233 412 2191
Pulses: ave. 5274 304 1601 302 1592 300 1583 358 1889 356 1878
Mustard 2263 1525 3450 1476 3340 1425 3224 1272 2879 1244 2814
Sugarcane 7068 1516 10717 1468 10377 1418 10020 1266 8948 1238 8750
Spices (chilli) 15847 114 1801 135 2146 158 2509 155 2464 181 2862
Veg. (brinjal) 13069 954 12473 985 12877 1018 13302 950 12422 992 12971
Total 72754 629876 T4437 659887 76206 691449 78019 704172 79805 736096
Notes:

Total income is net of all on-farm costs except for irrigation which is analysed separately
Assumed 1994/95
Future Without Project Conditions, 5 years after project would have been completed

Project Year |

Future Without (1)
Future Without (2)

Future With (1)
Future With (2)
% Increment (1)

% Increment (2)

Vegetables includes both irrigated and unirrigated
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Future Without Project Conditions, Year 30
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TABLE VIIL3.20

Cash Flows (1991 Economic Prices)

Planning Unit 4 - Little Feni River (Option 3 - Musapur Regulator)

(Million Taka)

Benefits Costs
Year Net Net Incre- Flood damage Total Capture Capital 0&M Total Net
Crop Crop  mental Benefits Fisheries Costs Costs Costs Increment
Income Income Crop non-agr. crop Losses Benefits
FWo FW Income
1 595 595 0 0.0 0.0 0.0 0.0 79.0 0.0 79.0 -79.0
2 597 597 0 0.0 0.0 0.0 0.0 79.0 0.0 79.0 -79.0
3 599 599 0 0.0 0.0 0.0 0.0 79.0 0.0 79.0 -79.0
4 601 610 Q 12.6 2.2 42.7 15.0 0.0 4.2 19.1 S
5 603 621 18 13.0 21.2 51.9 15.0 0.0 4.2 19.1 32.8
6 605 632 26 13.4 21.2 61.0 15.0 4.2 19:1 41.8
7 608 643 35 13.4 21.3 69.6 15.0 4.2 19.1 50.5
8 610 654 44 13.8 21.3 78.7 15.0 4.2 19.1 59.5
9 613 656 43 14.2 21.3 78.9 15.0 4.2 19.1 S59UF
10 616 659 43 4.6 21.3 79.1 15.0 4.2 19.1 59.9
1 642 685 43 15.1 24.9 83.2 15.0 4.2 19.1 64.0
12 641 684 43 15.5 24.9 83.7 15.0 4.2 19.1 64.6
13 640 684 43 16.0 24.9 84.2 15.0 4.2 19.1 65.1
14 640 683 43 16.5 24.9 84.8 15.0 4.2 19.1 65.7
15 £39 682 43 17.0 24.9 85.4 15.0 4.2 19.1 66.2
16 638 681 43 17.5 24.9 85.9 15.0 g2 19.1 66.7
17 637 681 43 18.0 24.9 86.4 15.0 4.2 9.1 67.3
18 637 681 43 18.5 24.9 86.9 15.0 4.2 19.1 67.8
19 637 681 43 19.1 24.9 87.5 15.8 4.2 19.1 68.4
20 637 681 43 19.7 24.9 88.1 15.0 4.2 19.1 68.9
21 637 681 43 20.2 24.9 88.7 15.0 4.2 19.1 69.5
22 637 681 43 20.8 24.9 89.3 15.0 4.2 19.1 70.1
23 637 681 43 21.5 24.9 89.9 15.0 4.2 19.1 70.8
24 637 681 43 22.1 24.9 90.5 15.0 4.2 19.1 71.4
25 637 681 43 22.8 24.9 91.2 15.0 4.2 19.1 72.1
26 637 681 43 23.5 24.9 91.9 15.0 4.2 19.1 72.8
27 637 681 43 24.2 24.9 92.6 15.0 4.2 19.1 73.5
28 637 681 43 24.9 24.9 93.3 15.0 4.2 12.1 74.2
29 637 681 43 25.6 24.9 94.1 15.0 4.2 194 74.9
30 637 681 43 26.4 24.9 94.8 15.0 4.2 19.1 79:T
Present Value
212% 5136 196 87.4 129. 412.8 84.5 189.9 23.6 298.0 114.8
EIRR (%) 17.60

ANV
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TABLE VIIL3.21

Labour requirements and paddy production

Planning Unit 8, Dhonagoda Project: Option 1 . >

LABOUR REQUIREMENTS PADDY PRODUCTION

Labour Present FWO(1) FWO(2) FW(1)  FW(2) Present FWO(1)  FWO(2) FW(1) FW(2)
Labour Labour Labour Labour Labour
md/ha md md md md md tonnes tonnes tonnes tonnes tonnes
(*000s) (’000s) (’000s) (’000s) ('000s)

B Aus, local 141 2341 1827 1827 1939 1939 31572 24631 24631 26152 26152
T Aus, HYV 176 936 888 238 971 971 16486 15649 15649 17097 17097
B Aman local dw 109 1933 1755 1755 1529 1529 30961 28105 28105 24486 24486
T Aman, local 168 2554 2604 2604 2888 2888 34965 35652 35652 39538 39538
T Aman, HYV 181 4425 4267 4267 4646 4646 87022 83923 83923 91372 91372
Boro, local 118 239 325 325 206 206 5665 Idar 777 4884 4884
Boro, HYV irrig 21 5276 7186 7186 7307 7307 127512 173699 1734699 176624 176624
Wheat irrig. 127 302 412 412 435 435

wheat unirrig. 102 221 172 172 173 173

Potato irrig. 194 122 166 166 177 177

Potato unirrig. 175 53 42 42 43 43

Jute 215 196 153 153 174 174

Pulses: ave. 51 1 8 8 9 9

Mustard 58 118 92 92 84 84

Sugarcane 255 1251 976 976 946 946

Spices (chilli) 157 159 124 124 131 131

Veg. (brinjal) 270 695 707 707 793 793

Tolal: 20831 21704 21704 22451 22451 334184 569377 369377 380132  3B0152
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TABLE VIII.3.22

Annual Total (Net) Income, and Cropped Area by Crop

Planning Unit 8, Dhonagoda Project: Option 1

Cconomic Priczs

Crop Year 1 Future WO(1) Future WO(2) Future With(1)  Future With(2)

Net Area Total Area  Total Area Total Area Total Area Total

Income Income Income Income Income Income

(Tk/ha) (ha) (Tk'000) (ha) (Tk'000) (ha) (Tk*'000) tha) (Tk’0D0) (ha) (Tk’000)

B Aus, local 3627 16617 60273 12964 47023 12964 47023 13764 49926 13764 49926
T Aus, HYV 7030 5318 37384 5048 35487 5048 35487 5515 38768 5515 38768
B Aman local dw 4268 17692 75513 16060 68548 16060 68548 13992 59720 13992 59720
T Aman, local 5325 15202 80956 15501 82547 15501 82547 17190 91544 17190 91544
T Aman, HYV 10802 24513 264780 23640 255351 23640 255351 25739 278016 25739 278016
Boro, local 8541 2023 17281 2756 23541 2756 23541 1744 14899 1744 14899
Boro, HYV irrig 13363 25002 334100 34059 455116 34059 455116 34632 462779 34632 462779
Wheat irrig. 10150 2381 24167 3244 32921 3244 32921 3423 34747 3423 34747
Wheat unirrig. Thbh 2171 16159 1694 12607 1694 12607 1707 12709 1707 12709
Potato irrig. 29370 628 18437 855 25114 B55 25114 913 26807 913 26807
Potato unirrig. 15764 305 4812 238 3754 238 3754 248 3902 248 3902
Jute 5316 913 4853 712 3786 712 3786 811 4313 811 4313
Pulses: ave. 5274 211 1114 165 869 165 869 169 890 169 890
Mustard 2263 2053 4646 1602 3625 1602 3625 1455 3291 1455 3291
Sugarcane 7068 4905 34667 3826 27046 3826 27046 3711 26227 3TN 26227
Spices (chilli) 15847 1015 16077 791 12543 791 12543 B33 13195 833 13195
Veg. (brinjal) 13069 2574 33645 2617 34206 2617 34206 2939  3B409 2939 38409
Total 123524 1028866 125773 1124082 125773 1124082 128784 1160143 128784 1160143
Notes:

Total income is net of all on-farm costs except for irrigation which is analysed separately

Project Year |

Future Without (1)
Future Without (2)

Future With (1)
Future With (2)
% Increment (1)

% Increment (2)

Assumed 1994/95

Future Without Project Conditions, S years after project would have been completed

Vegetables includes hoth irrigated and unirrigated

ANV

Future Without Project Conditions, Year 30

Future With Project Conditions, Year 30
% difference FW (1) over FWO (1)
% difference FW (2) over FWO (2)
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TABLE VIIL3.23

Cash Flows (1991 Economic Prices)

Planning Unit 8, Dhonagoda Project: Option 1

(Million Taka)
Benefits Costs
Year Net Net Incre- Flood damage Total Capture Capital O&M Total Net
Crop Crop mental Benefits Fisheries Costs Costs Costs [ncrement
Income [ncome Crop nen-agr. crop Losses Benefits
FWO FW [ncome
1 948 948 0 0.0 0.0 0.0 0.0 51.8 0.0 51.8 ~51.8
2 955 955 0 0.0 0.0 0.0 0.0 51.8 0.0 51.8 -51.8
3 963 963 0 0.0 0.0 0.0 0.0 51.8 0.0 51.8 -51.8
A 972 972 0 0.0 0.0 0.0 0.0 51.8 0.0 51.8 =518
5 982 982 0 0.0 0.0 0.0 0.0 51.8 0.0 51.8 -51.8
6 992 1000 7 0.0 32.1 39.3 44.5 5.6 50.1 -10.9
7 1000 1014 14 23.2 32.0 69.7 44.5 5.6 50.1 19.5
8 1004 1025 22 23.9 32.0 77.6 44.5 5.6 50.1 27.4
9 1004 1032 29 24.6 32.0 85.5 44.5 5.6 50.1 35.3
10 1004 1040 36 25.3 32.0 93.4 44.5 5.6 50.1 43.3
1 1004 1040 36 26.1 32.0 94.2 44.5 5.6 50.1 441
12 1004 1040 36 26.9 32.0 95.0 44.5 5.6 50.1 44.8
13 1004 1040 36 27.7 32.0 95.8 44.5 5.6 50.1 45.6
14 1004 1040 36 28.5 32.0 96.6 44.5 5.6 50.1 46.5
15 1004 1040 36 29.4 32.0 97.5 44.5 5.6 50.1 47.3
16 1004 1040 36 30.3 32.0 98.4 44.5 5.6 50.1 48.2
17 1004 1040 36 31.2 32.0 99.3 44.5 5.6 50.1 49.1
18 1004 1040 36 32.1 32.0 100.2 44.5 5.6 50.1 50.1
19 1004 1040 36 33 32.0 101.2 44.5 5.6 50.1 51.0
20 1004 1040 36 34.1 32.0 102.2 44.5 5.6 50.1 52.0
21 1004 1040 36 3541 32.0 103.2 44.5 5.6 50.1 53.0
22 1004 1040 36 36.1 32.0 104.2 445 5.6 50.1 54.1
23 1004 1040 36 37.2 32.0 105.3 44.5 5.6 50.1 55.2
24 1004 1040 36 38.3 32.0 106.4 44.5 5.6 50.1 56.3
25 1004 1040 36 39.5 32.0 107.6 44.5 5.6 50.1 57.4
26 1004 1040 36 40.7 32.0 108.8 44.5 5.6 50.1 58.6
27 1004 1040 36 41.9 32.0 110.0 44.5 5.6 50.1 59.8
28 1004 1040 36 43.1 32.0 111.2 44.5 5.6 50.1 61.1
29 1004 1040 36 b4 4 32.0 112.5 44.5 5.6 50.1 62.4
30 1004 1040 36 45.8 32.0 113.9 44.5 5.6 50.1 63.7
Present Value a12% 8055 128 1131 142.6 383.3 198.1 186.7 25.1 409.8 -26.5
EIRR (%) 10.67

ANV
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TABLE VIIL.3.24

Labour requirements and paddy production

Planning Unit 8, Dhonagoda Project: Option 2

LABDUR REQUIREMENTS

Labour Present FWO(1) FWO(2)  FW(1)  FW(2) Present FWO(1) FWO(2)  FW(1) FW(2)
Labour  Labour Labour Labour Labour
md/ha md md md md md tonnes tonnes tonnes tonnes tonnes
('000s) ('000s) ('000s) (’000s) ('000s)
B Aus, local 141 2018 1584 1584 1677 1677 27210 21361 21361 22608 22608
T Aus, HYV 176 808 767 767 836 836 14229 13515 13515 14734 14734
B Aman local dw 109 1585 14644 1444 1258 1258 25381 23136 23136 20148 20148
T Aman, local 168 2175 2219 2219 2451 2451 29781 30377 30377 33558 33558
T Aman, HYV 181 3817 3682 3682 4002 4002 75063 T2424 72424 78705 78705
Boro, local 118 175 238 238 151 151 4144 5645 5645 3571 3571
Boro, HYV irrig 21 4410 6007 6007 6089 6089 106582 145188 145188 147163 147163
Wheat irrig. 127 255 347 347 365 365
Wheat unirrig. 102 188 148 148 148 148
Potate irrig. 194 103 140 140 149 149
Potato unirrig. 175 45 36 36 37 37
Jute 215 167 131 131 149 149
Pulses: ave. 51 9 7 7 7 T
Mustard 58 99 78 78 70 70
Sugarcane 255 1054 828 828 801 801
Spices (chilli) 157 138 108 108 113 113
Veg. (brinjal) 270 595 605 605 677 677
Total: 17640 18368 18368 18979 18979 282391 311646 311646 320487 320487
ANV
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TABLE VIII.3.25

Annual Total (Net) Income, and Cropped Area by Crop

Planning Unit 8, Dhonagoda Project: Option 2

Economic Prices

Crop Year 1 Future WO(1) Future WO(2) Future With(1) Future With(2)

Net Area Total Area Total Area Total Area Total Area Total

Income Income Income Income Income Income

(Tk/ha) (ha) (Tk’000) Cha) (Tk’000) (ha) (Tk’000) (ha) (Tk’000) (ha)  (Tk’000)
B Aus, local 3627 14321 51947 11243 40780 11243 40780 11899 43161 11899 43161
T Aus, HYV 7030 4590 32265 4360 30647 4360 30647 4753 33410 4753 33410
B Aman local dw 4268 14504 61905 13221 56429 13221 56429 11513 49142 11513 49142
T Aman, local 5325 12948 68953 13207 70333 13207 70333 14590 77698 14590 77698
T Aman, HYV 10802 21145 228394 20401 220365 20401 220365 22170 239474 22170 239474
Boro, local 8541 1480 12640 2016 17218 2016 17218 1276 10894 1276 10894
Boro, HYV irrig 13363 20898 279261 28468 380412 28468 380412 28855 385587 28855 385587
Wheat irrig. 10150 2004 20343 2730 27712 2730 27712 2872 29149 2872 29149
Wheat unirrig. T4bh 1851 13777 1453 10816 1453 10816 1461 10875 1461 10875
Potato irrig. 29370 529 15531 720 21157 720 21157 766 22509 766 22509
Potato unirrig. 15764 260 4096 204 3216 204 3216 21 3322 21 3322
Jute 5316 780 4145 612 3254 612 3254 694 3690 694 3690
Pulses: ave. 5274 184 970 144 762 144 762 148 779 148 779
Mustard 2263 1721 3893 1351 3056 1351 3056 1221 2763 1221 2763
Sugarcane 7068 4134 29222 3246 22941 3246 22941 3140 22196 3140 22196
Spices (chilli) 15847 877 13893 688 10907 688 10907 722 11445 722 11445
Veg. (brinjal) 13069 2204 28805 2240 29276 2240 29276 2507 32768 2507 32768
Total 104429 870042 106305 949279 106305 949279 108800 978863 108800 978863
Notes:

Total income is net of all on-farm costs except for irrgation which is analysed separately
Assumed 1994/95

Future Without Project Conditions, 3 years atter project would have been completed

Project Year |

Future Without (1)
Future Without (2)

Future With (1)
Future With (2)
% Increment (1)

% Increment {2)

Vegetables includes both irngated and unirrigated

AN-VIG

Future Without Project Conditions, Year 30

Future With Project Conditions, 5 years after project completion

Future With Project Conditions, Year 30
% difference FW (1) over FWO (1)
% ditterence FW (2) over FWO (2)
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Cash Flows (1991 Economic Prices)

TABLE VIIL3.26

Planning Unit 8, Dhonagoda Project: Option 2

(Million Taka)

Benefits Costs
Year Net Net Incre- Flood damage Total Capture Capital O&M Total Net
Crop Crop mental Benefits Fisheries Costs Costs Costs Increment
Income Income Crop non-agr. crop Losses Benefits
FWO FwW Income
1 797 797 0 0.0 0.0 0.0 0.0 32.6 0.0 32.6 -32.6
2 803 803 0 0.0 0.0 6.0 0.0 32.6 0.0 32.6 -32.6
3 809 809 ] 0.0 0.0 0.0 0.0 32.6 0.0 32.6 -32.6
4 816 816 0 0.0 0.0 0.0 0.0 32.6 0.0 32.6 -32.6
5 823 823 0 0.0 0.0 0.0 0.0 32.6 0.0 32.6 -32.6
] 832 838 & 0.0 27.4 33.4 29.9 4.8 34.8 -1.4
7 837 B49 12 21.0 27.4 60.2 29.9 4.8 34.8 25.5
8 840 858 18 21.6 27.4 66.8 29.9 4.8 34.8 20
9 840 Bb4 24 228 27.4 753 29.9 4.8 34.8 38.6
10 840 870 30 22.9 27.4 79.9 29.9 4.8 34.8 45.2
1M 840 870 30 23.6 27.4 B0.6 29.9 4.8 34.8 45.8
12 840 870 30 24.3 27.4 81.3 29.9 4.8 34.8 46.6
13 840 870 30 25.1 27.4 82.0 29.9 4.8 34.8 47.3
14 840 870 30 25.8 27.4 82.8 29.9 4.8 34.8 48.0
TS5 840 870 30 26.6 27.4 83.6 29.9 4.8 34.8 48.8
16 B4D 870 30 27 .4 27.4 B4 .4 29.9 4.8 34.8 49.6
17 840 870 30 28.2 27 .4 85.2 29.9 4.8 34.8 50.4
18 840 870 30 29.0 27.4 B6.0 29.9 4.8 34.8 513
19 840 870 30 29.9 27.4 86.9 29.9 4.8 34.8 52.1
20 840 870 30 30.8 27.4 87.8 s 4.8 34.8 53.0
21 840 870 30 317 P 88.7 29.9 4.8 34.8 54.0
22 840 870 30 32.7 27.4 89.7 29.9 4.8 34.8 54.9
23 840 870 30 33.7 27.4 90.7 29.9 4.8 34.8 259
24 B40 870 30 34.7 27.4 91.7 29.9 4.8 34.8 56.9
25 840 870 30 357 27.4 92.7 29.9 4.8 34.8 58.0
26 840 870 30 36.8 27.4 93.8 2949 4.8 34.8 59.0
27 840 870 30 379 27.4 4.9 29.9 4.8 34.8 60.1
28 840 870 30 39.0 27 .4 96.0 29.9 4.8 34.8 61.3
29 B40O 870 30 40.2 27.4 97.2 29.9 4.8 34.8 62.4
30 B40 870 30 41.4 27.4 98.4 29.9 4.8 34.8 63.6
Present Value a12% 6751 105 102.3 122.0 329.0 133.2 117.6 215 2723 56.7
EIRR (%) 15.90

ANV
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Gross drea

TABLE VIIL3.27

Distribution of Land by Flood Phase/Irrigation (ha)

Planning Unit 8, Dhonagoda Project: Option 3 (Khal Excavation for Irrigation)

Net Cultivated Area (NCA)

13955

9081 (excluding orchards)

Land Category FOI0 FOIr F1ID0 F1ir F2I0 F2lr F310 F3Ir ALl ALl ALL
10 Ir [10+Ir
Present
Area (ha) 999 956 1142 1094 1739 1665 759 727 4639 blhd 2081
% NCA 11 11 13 12 19 18 a8 a 51 49 100
Project year 1
Area (ha) 999 956 1142 1094 1739 1665 759 727 4639 4442 2081
%NCA 11 1 13 12 19 18 8 8 51 49 100
Future Without (1)
Area (ha) 653 1303 746 1490 1136 2268 496 990 3032 6050 2081
% NCA 7 14 8 16 13 25 5 1" 33 67 100
Future Without (2)
Area (ha) 653 1303 746 1490 1136 2268 456 990 3032 6050 9081
% NCA 7 14 8 16 13 25 5 1 33 67 100
Future With (1)
Area (ha) 0 1955 0 2236 a 3404 o] 1486 o] 9081 2081
% NCA 0 22 0 25 0 37 0 16 0 100 100
Future With (2)
Area (ha) 0 1955 0 2236 0 3404 0 1486 0 9081 2081
% NCA 0 22 0 25 0 37 0 16 0 100 100
Note: FOIO land excludes orchards
TABLE VIIL.3.28
Labour requirements and paddy production
Planning Unit 8, Dhonagoda Project: Option 3 (Khal Excavation for Irrigation)
LABOUR REQUIREMENTS PADDY PRODUCTION
Labour Present FWO(1) FWO(2) FW(1) FW (2) Present FWO(1) FWO(2) FW(1) FW (2)
Labour Labour Labour Labour Labour
md/ha md md md md md tonnes tonnes tonnes tonnes  tonnes
('000s) ('000s) (’'000s) ('000s) ('000s)
B Aus, local 141 196 128 128 0 0 2643 1727 1727 0 0
T Aus, HYV 176 B8 84 B4 77 77 1552 1485 1485 1360 1360
B Aman local dw 109 215 181 181 117 117 3437 2897 2897 1879 1879
T Aman, local 168 307 315 315 330 330 4206 4316 4316 4524 4524
T Aman, HYV 181 417 402 402 373 373 8206 7906 7906 7340 7340
Boro, local 118 66 90 90 135 135 1567 2134 2134 3204 3204
Boro, HYV irrig 21 702 956 956 1435 1435 16967 23108 23108 34688 34688
Wheat irrig. 127 40 54 54 82 82
Wheat unirrig. 102 19 12 12 0 0
Potato irrig. 194 16 22 22 34 34
Potato unirria. 175 5 3 3 0 0
duve 215 22 14 14 0 ]
Pulses: ave. 51 1 0 0 0 0
Mustard 58 10 7 7 0 0
Sugarcane 255 116 76 76 0 0
Spices (chilli) 157 12 8 8 0 0
Veg. (brinjal) 270 a1 84 84 0 90
Total 2314 2439 2439 2673 2673 38577 43574 43574 52995 52995

ANV
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TABLE VII1.3.29

Annual Total (Net) Income, and Cropped Area by Crop

Planning Unit 8, Dhonagoda Project: Option 3 (Khal Excavation for Irrigation)

Economic Prices

Crop Year 1 Future WO(1) Future WO(2) Future With(1) Future With(2)
Net Area Total Area Total Area Total Area Total Area Total

Income Income Income Income Income Income

(Tk/ha) (ha) (Tk’000) (ha) (Tk7000) (ha) (Tk’000) (ha) (Tk'000) (ha) (Tk*000)
B Aus, local 3627 1391 5046 909 3297 Q09 3297 0 0 0 0
T Aus, HYV 7030 501 3519 479 3368 479 3368 439 3084 439 3084
B Aman local dw 4268 1964 8382 1655 7066 1655 7066 1074 4584 1074 4584
7 Aman, local 5325 1828 Q737 1876 9993 1876 9993 1967 10474 1967 10474
T Aman, HYV 10802 2312 24969 2227 24056 2227 24056 2068 22334 2068 22334
Boro, local 8541 560 4780 762 6510 762 6510 1144 Q773 1144 9773
Boro, HYV irrig 13363 3327 44455 4531 60547 4531 60547 6801 90886 6801 90886
Wheat irrig. 10150 314 3192 428 4347 428 4347 643 6526 643 6526
Wheat unirrig. Thbh 187 1390 122 Q08 122 908 0 0 0 0
Potato irrig. 29370 85 2487 115 3387 115 3387 173 5084 173 5084
Potato unirrig. 15764 29 454 19 297 19 297 0 0 0 0
Jute 5316 103 549 68 359 68 359 0 0 0 0
Pulses: ave. 5274 13 68 8 45 8 45 0 0 0 0
Mustard 2263 177 401 116 262 116 262 0 0 0 o
Sugarcane 7068 454 3210 297 2097 297 2097 0 0 0 0
Spices (chilli) 15847 79 1254 52 820 52 820 0 0 0 1]
Veg. (brinjal) 13069 301 3930 312 4077 312 4077 333 4353 333 4353
Total 13624 117826 13977 131436 13977 131436 14642 157097 14642 157097
Notes:

Total income is net of all on-farm costs except for irrigation which is analysed separately

Project Year |

Future Without (1)
Future Without (2)

Future With (1)
Future With (2)
% Increment (1)

% Increment (2)

: assumed 1994/95

. Future Without Project Conditions, 5 vears after project would have been completed

Vegetables includes both irrigated and unirrigated

Al

VII5-24

: Future Without Project Conditions, Year 30

: Future With Project Conditions, Year 30
- 9 difference FW (1) over FWO (1)
: % difterence FW (2) over FWO (2)

: Future With Project Conditions, 5 years after project completion



TABLE VIIL3.30

Cash Flows (1991 Economic Prices)

Planning Unit 8, Dhonagoda Project: Option 3

(Million Taka)
Benefits Costs

Year Net Net Incre- Flood damage Total Capture Capital O&M Total Net

Crop Crop mental Benefits Fisherie Costs Costs Costs Increment

Income  Income Crop non-agr. crop Losses Benefits

FWo FiW [ncome
1 108 108 0 0.0 0.0 0.0 0.0 3.9 0.0 3.9 -3.9
2 108 108 0 0.0 0.0 0.0 0.0 3.9 0.0 3.9 -3.9
3 109 114 5 0.0 0.0 5.1 0.0 0.0 0.4 0.4 4.7
4 110 120 10 0.0 0.0 10.3 0.0 0.0 0.4 0.4 9.9
5 111 126 15 0.0 0.0 15.4 0.0 0.0 0.4 0.4 15.0
) 112 132 20 0.0 0.0 20.1 0.0 0.4 0.4 19.7
T 113 138 25 0.0 0.0 24.9 0.0 0.4 0.4 24.5
8 114 139 25 0.0 0.0 24.6 0.0 0.4 0.4 24.2
9 116 140 24 0.0 0.0 24.4 0.0 0.4 0.4 24.0
10 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
1 116 139 23 0.0 0.0 5.3 0.0 0.4 0.4 22.9
12 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
13 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
14 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
15 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
16 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
17 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
18 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
19 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
20 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
21 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
22 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
23 116 139 23 0.0 0.0 23.5 0.0 0.4 0.4 22.9
24 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
25 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
26 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
27 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
28 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
29 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
30 116 139 23 0.0 0.0 23.3 0.0 0.4 0.4 22.9
Present Value a12% 027 123 0.0 0.0 122.7 0.0 6.5 2.6 F.l 113.6

EIRR (%) BB.97
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TABLE VI1IL3.31
Distribution of Land by Flood Phase/Irrigation (ha)

Planning Unit 12, Ashuganj Project

Gross drea 14000
Net Cultivated Area (NCA) 12500 (excluding orchards)
Land Categury FOIO ol osdg rilr FZIO r2ir F3i0 Fair Art ML ALl
10 Ir 10+1r
Present
Area (ha) 0 0 549 339 4478 700 4172 2262 9199 330 12500
% NCA 0 0 4 3 36 6 33 18 T4 26 100
Project year 1
Area (ha) 0 0 537 351 4453 725 4091 2343 2081 3419 12500
%NCA ¢] 0 4 3 34 & 33 19 73 27 100
Future Without (1)
Area (ha) 0 0 523 365 4424 754 3997 2437 8943 3557 12500
% NCA 0 0 & 3 35 6 32 19 72 28 100
Future Without (2)
Area (ha) 0 o] L64 424 4303 875 3607 2827 B374 4126 12500
% NCA 0 0 4 3 34 7 29 23 67 33 100
Future With (1)
Area (ha) 0 0 178 710 1036 4142 1287 5147 2500 10000 12500
% NCA 0 0 1 6 8 33 10 41 20 80 100
Future With (2)
Area (ha) 0 0 178 710 1036 4142 1287 5147 2500 10000 12500
% NCA 0 0 1 6 8 33 10 41 20 80 100
Note: FOIO land excludes orchards
TABLE VII1.3.32
Labour requirements and paddy production
Planning Unit 12, Ashugan) Project
LABOUR REQUIREMENTS PADDY PRODUCTION
Labour Present FWO (1) FWO (2) FW (1) FW (2) Present FWO (1) FWO(2) FW (1) FW (2)
Labour Labour Labour Labour Labour
md/ha md md md md md tonnes tonnes tonnes tonnes tonnes
('000s) ('000s) ('000s) ('000s) ('000s)
B Aus, local 141 143 142 135 36 36 1931 1910 1824 489 489
T Aus, HYV 176 6 6 7 13 13 109 113 131 220 220
B Aman local dw 109 330 327 316 272 272 5288 5243 5057 4354 4354
T Aman, local 168 206 206 208 175 175 2816 2821 2842 2390 2390
T Aman, HYV 181 45 45 45 48 48 882 884 895 Q46 946
Boro, local 118 108 110 147 164 164 2556 2601 2787 3891 3891
Boro, HYV irrig 211 553 576 668 1700 1700 13372 13911 16137 41081 41081
Wheat irrig. 127 8 9 10 34 34
Wheat unirrig. 102 39 39 37 10 10
Potato irrig. 194 3 3 3 1 11
Potato unirrig. 175 24 24 23 [ )
Jute 215 230 228 220 55 55
Pulses: ave. 51 1 1 1 0 0
Mustard 58 30 30 28 2 E
Sugarcane 255 395 389 365 108 108
Spices (chilli) 157 10 10 10 3 3
Veg. (brinjal) 270 68 67 £5 41 41
Total 2200 2211 2259 2683 2683 26954 27485 29674 53372 53372
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VIIL3.33

Annual Total (Net) Income, and Cropped Area by Crop

Planning Unit 12, Ashuganj Project

Economic Prices

Crop Year 1 Future WO(1) Future WO(2) Future With(1)  Future With(2)
Net Area Total Area Total Area Total Area Total Area Total
Income Income Income Income Income Income
(Tk/ha) (ha) (Tk'000) (ha) (Tk'000) (ha) (Tk’000) (ha) (Tk'000) (ha) (Tk’0D00)
B Aus, local 3627 1016 3686 1005 3647 960 3483 257 934 257 934
T Aus, HYV 7030 35 247 37 257 42 298 7 499 71 499
B Aman local dw 4268 3022 12898 2996 12788 2890 12335 2488 10620 2488 10620
T Aman, local 5325 1224 6520 1227 6532 1236 6580 1039 5533 1039 5533
T Aman, HYV 10802 248 2683 249 2691 252 2723 266 2878 266 2878
Boro, local 8541 913 7798 929 7935 995 8501 1390 11870 1390 11870
Boro, HYV irrig 13363 2622 35035 2728 36450 3164 42280 8055 107639 8055 107639
Wheat irrig. 10150 b4 653 &7 679 78 788 264 2679 264 2679
Wheat unirrig. Thbd 385 2865 381 2836 365 2718 96 715 96 715
Potato irrig. 29370 14 419 15 436 17 506 56 1634 56 1634
Potato unirrig. 15764 139 2190 138 2174 134 2108 33 518 33 518
Jute 5316 1071 5693 1062 5646 1026 5452 258 1372 258 1372
Pulses: ave. 5274 16 85 16 83 14 73 5 28 5 28
Mustard 2263 529 1197 521 1178 486 1101 161 364 161 364
Sugarcane 7068 1549 10951 1526 10789 1432 10119 424 2996 424 2996
Spices (chilli) 15847 66 1046 65 1032 62 976 17 277 17 277
Veg. (brinjal) 13069 251 3285 249 3260 242 3160 151 1969 151 1969
Total 13166 97252 13211 98413 13394 103201 15032 152522 15032 152522

Notes:

Total income is net of all on-tarm costs except for irngation which is analysed separately

Project Year | Assumed 1994/95
Future Without (1)
Future Without (2)
Future With (1)
Future With (2)
% Increment (1)
% Increment (2)

Vegetables includes both irngated and unirrigated

AN-VIHI3
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Future Without Project Conditions. Year 30

Future With Project Conditions. Year 30
% difference FW (1) over FWO (1)
% difference FW (2) over FWO (2)

Future With Project Conditions, 5 years after project completion

Future Without Project Conditions. 5 years after project would have been completed



TABLE VIIL3.34

Cash Flows (1991 Economic Prices)

Planning Unit 12, Ashuganj Project

(Million Taka)

Benefits Costs
Year Net Net Incre-  Flood damage Total Capture Capital O0&M Total Net
Crop Crop mental Benefits Fisheries Costs Costs Costs Increment
Income Income Crop non-agr. crop Losses Benefits
FWO FW Income
1 90 90 0 0.0 0.0 0.0 0.0 18.1 0.0 18.1 -18.1
2 20 S0 0 0.0 0.0 0.0 0.0 18.1 0.0 18.1 =18.1
3 S0 Q0 0 0.0 0.0 0.0 0.0 18.1 0.0 18.1 -18.1
4 20 90 0 0.0 0.0 0.0 0.0 18.1 0.0 18.1 =384
5 90 90 ] 0.0 0.0 0.0 0.0 18.1 0.0 18.1 -18.1
6 90 99 g 0.0 a.0 8.9 0.0 3.0 3.0 5.9
i Q0 108 18 0.0 0.0 17.9 0.0 3.0 3.0 14.9
8 Q0 117 27 0.0 0.0 26.9 0.0 30 30 23.8
9 21 126 36 0.0 0.0 35.8 0.0 3.0 3.0 32.8
10 91 135 45 0.0 0.0 44.8 0.0 3.0 3.0 41.8
1 95 139 L 0.0 0.0 43.9 0.0 3.0 3.0 40.9
12 95 138 43 6.0 0.0 43.0 0.0 3.0 3.0 40.0
13 95 137 42 0.0 0.0 42.1 0.0 3.0 3.0 39.1
14 95 136 41 0.0 0.0 41.2 0.0 3.0 3.0 38.2
15 95 135 40 0.0 0.0 40.3 0.0 3.0 3.0 37.3
16 94 135 40 0.0 0.0 40.3 0.0 3.0 3.0 37.3
17 94 135 40 0.0 0.0 40.4 0.0 3.0 3.0 37.4
18 94 135 40 0.0 0.0 40.5 0.0 3.0 3.0 37.5
19 94 135 41 0.0 0.0 40.6 0.0 3.0 3.0 37.6
20 Q4 155 41 0.0 0.0 40.7 0.0 3.0 3.0 377
21 94 135 41 0.0 0.0 40.8 0.0 3.0 3.0 37.8
22 94 135 41 0.0 0.0 40.9 0.0 3.0 3.0 LY
23 P4 135 41 0.0 0.0 41.0 0.0 5 1, 3.0 38.0
24 94 135 41 0.0 0.0 41.2 0.0 3.0 3.0 38.1
25 94 135 41 0.0 0.0 41.3 0.0 3.0 3.0 38.3
26 94 135 41 0.0 0.0 41.5 0.0 3.0 3.0 38.5
27 94 135 42 0.0 0.0 41.7 0.0 3.0 3.0 38.7
28 93 135 42 0.0 0.0 41.9 0.0 3.0 3.0 38.9
29 93 135 42 0.0 0.0 42.1 0.0 3.0 3.0 39.1
30 93 135 42 0.0 0.0 42.4 0.0 3.0 3.0 39.3
Present Value @12% 887 151 0.0 0.0 150.8 0.0 65.2 13.4 78.6 72

EIRR (%) 20.27
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Labour requirements and paddy production

Planning Unit 13, Titas Project: Sub-unit |

TABLE VIIL3.35

LABOUR REQUIREMENTS

PADDY PRODUCTION

Labour Present FWO (1) FWO (2) FW (1) FW (2) Present FWO (1) FWO(2) FW (1) FW (2
Labour Labour Labour Labour Labour
md/ha md md md md md tonnes tonnes tonnes tonnes tonnes
(1000s) ('000s) (’'000s) (’000s) ('000s)
B Aus, local 141 515 227 227 227 227 6946 3065 3065 3065 3065
T Aus, HYV 176 80 158 158 158 158 1416 2786 2786 2786 2786
B8 Aman local dw 109 737 719 719 768 768 11807 11517 11517 12304 12304
T Aman, local 168 496 641 641 641 641 6788 8778 8778 8778 8778
T Aman, HYV 181 514 592 592 592 592 10116 11648 11648 11648 11648
Boro, local 118 122 122 122 141 141 2899 2899 2899 3340 3340
Boro, HYV irrig 21 2098 2962 2962 3531 3531 50713 71586 71586 85339 85339
Wheat irrig. 127 128 228 228 228 228
Wheat unirrig. 102 128 74 74 59 59
Potato irrig. 194 37 41 61 61 61
Potato unirrig. 175 22 10 10 10 10
Jute 215 362 178 178 178 178
Pulses: ave. 51 6 2 2 2 2
Mustard 58 74 48 48 37 37
Sugarcane 255 800 610 610 501 501
spices (chilli) 157 43 31 3 31 31
Veg. (brinjal) 270 260 196 196 196 196
Tutat 6422 6880 £860 7363 7363 S0485 112279 112279 127260 127260
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TABLE VIIL3.36

Annual Total (Net) Income, and Cropped Area by Crop

Planning Unit 13, Titas Project: Sub-unit 1

Economic Prices

Crop tear Future Wu{1) ruture WOi2) Future witnglj Future With{zs

Net Area Total Area  Total Area  Total Area Total Area Total

Income Income Income Income Income Income

(Tk/h) (ha) (Tk'000) Cha) (Tk’000) (ha) (Tk'000) tha) (Tk'000) (ha) (Tk'000)
B Aus, local 3627 3656 13259 1613 5852 1613 5852 1613 5852 1613 5852
T Aus, HYV 7030 457 3212 899 6318 899 6318 899 6318 899 6318
B Aman local dw 4268 6747 28798 6581 28091 6581 28091 7031 30010 7031 30010
T Aman, local 5325 2951 15716 3816 20323 3816 20323 3816 20323 3816 20323
T Aman, HYV 10802 2850 30779 3281 35440 3281 35440 3281 35440 3281 35440
Boro, local 8541 1035 8842 1035 8842 1035 8842 1193 10189 1193 10189
Boro, HYV irrig 13363 9944 132876 14036 187565 14036 187565 16733 223600 16733 223600
Wheat irrig. 10150 1011 10265 1793 18199 1793 18199 1793 18199 1793 18199
Wheat unirrig. 7444 1261 9389 724 5389 724 5389 582 4332 582 4332
Potato irrig. 29370 189 5558 315 9261 315 G261 315 9261 315 9261
Potato unirrig. 15764 127 2000 58 922 58 922 58 922 58 g22
Jute 5316 1686 BRE3 831 L4416 831 4416 831 4616 831 4416
Pulses: ave. 5274 111 587 45 237 45 237 45 237 45 237
Mustard 2263 1282 2900 840 1900 840 1900 651 1472 651 1472
Sugarcane 7068 3136 22166 2391 16897 2391 16897 1965 13888 1965 13888
Spices (chilli) 15847 27 4298 195 3097 195 3097 195 3097 195 3097
Veg. (brinjal) 13069 964 12595 727 9500 727 9500 727 9500 727 2500
Total 37678 312203 39182 362249 39182 362249 41729 397056 41729 397056
Notes:

Total income is net of all on-farm costs except for irrigation which is analysed separately

Project Year |

Future Without (1)
Future Without (2)

Future With (1)
Future With (2)
% Increment (1)

% Increment (2)

Assumed 1994/95

Vegetables includes both irrigated and unirrigated

ARV

Future Without Project Conditions, Year 30

Future With Project Conditions, Year 30
% difference FW (1) over FWO (1)
% difference FW (2) over FWO (2)

VHI3-30

Future Without Project Conditions. 5 years after project would have bheen completed
) y pro P

Future With Project Conditions, 5 years after project completion



TABLE VIIL3.37

Cash Flows (1991 Economic Prices)

Planning Unit 13, Titas Project: Sub-unit 1

(Million Taka)
Benefits Costs
Year Net Net Incre- Flood damage Total Capture Capital O&M Total Net
Crop Crop mental Benefits Fisheries Costs Costs Costs Increment
Income Income Crop non-agr. crop Losses Benefits
FWO FW Income

1 281 281 0 0.0 0.0 0.0 0.0 83.4 0.0 83.4 -83.4
2 282 282 0 0.0 0.0 0.0 0.0 83.4 0.0 83.4 -83.4
% 283 283 0 0.0 0.0 0.0 0.0 83.4 0.0 83.4 -83.4
“ 284 284 0 0.0 0.0 0.0 0.0 83.4 0.0 83.4 -83.4
5 285 285 0 0.0 0.0 0.0 0.0 83.4 0.0 83.4 -83.4
6 286 293 i 0.0 49.3 56.2 57.5 20.8 78.3 -22.0
4 292 306 14 0.0 49.6 63.5 57.5 20.8 78.3 -14.7
8 297 318 21 0.0 50.0 70.9 575 20.8 78.3 7.4
9 303 331 28 0.0 50.4 78.2 57.5 20.8 78.3 =01
10 310 345 35 0.0 50.8 85.6 57.5 20.8 78.3 7.3
" 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 7.3
12 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 T
13 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 7.3
14 306 340 35 0.0 50.8 85.6 575 20.8 78.3 7.3
15 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 7.3
16 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 T3
17 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 7.3
18 306 340 35 0.0 50.8 85.6 575 20.8 78.3 T3
19 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 s
20 306 340 35 0.0 50.8 85.6 875 20.8 78.3 T
21 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 7.3
22 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 7.3
23 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 D
24 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 il
25 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 T3
26 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 Tud
27 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 7.3
28 306 340 35 0.0 50.8 85.6 575 20.8 78.3 e
29 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 7.3
30 306 340 35 0.0 50.8 85.6 57.5 20.8 78.3 Tas
Present Value 312% 2483 123 0.0 224.3  347.5 255.9 300.5 92.4 648.8 -301.3
EIRR (%) -6.01
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ESTIMATES OF COSTS OF MINOR IRRIGATION



ANNEX IX

ESTIMATES OF COSTS OF MINOR IRRIGATION

Costs used in project economic appriasal

L. Specitication:

The attached tables show the cost of different modes of minor irrigation. Capital and operating costs have been

calculated for a range of different technologies. These include:

. LLP 1 - 0.7/1.0 cu.sec pump irrigating 10 ha, using the same 8hp engine as a STW.
b. LLP 2 - 2 cusec pump irrigating 20 ha.
c. STW - a conventional STW using a Japanese engine. Although many STWs have cheaper

Chinese engines, these are slightly less fuel efficient and have a shorter life (crankshfts usually
hreak after 2 or 3 years. so their overall cost has been calculated to be slightly higher than

the Japanese engine.
d. DSSTW - as for the STW but in an unlined pit 1.5 m deep.

f. SFMTW 1 - force mode shallow well for areas where there i1s gas. Although it uses the same
engine. it has higher output that the STW as it would not run into suction problems at the end

of the season.

SEMTW 2 - for areas where there is also a salinity problem as well as gas - this well skims

(]

of fresh water trom a shallow tresh upper aquifer.

h. SFMTW 3 - a larger version of SEMTW |
1. DFMTW [ -a | cu sec version of a DTW for deeper aquifers.
b DEMTW 2 - a2 cusec DTW similar to existing wells but with materials and costs adjusted

to muke it more appropriate for private sector investment.

k. DFMTW 3 - a special well for the conditions of the saline area ot Noakhali.
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2, Capital costs

The sereen cost of SEFMTW 2 s high as its a large diameter sereen into which the pump in
placed.

Capital costs annualized over the lite of the well/pump at an interest rate of 12% per year.

The pump surveyv showed that less than 10% of engines are used for other purposes in the oftf-
sedson so no allowance has been made tor this exira income.

The cost of water channel construction (unlin=d earth) has been calculated for ditferent well
options.  The length of channel per ha irrigated and the average cross section rises as the
command arca increases, as more and bigger channels would be needed. The cost 1s purely

that ot labour for carth moving.

3. Operating Costs

fr

AN-IN.RT

Hours of pump operation are all well within normal limits. The relative short hours of LLP
2 and DTW 2 indicate that command areas for 2 cusee pumps are more likely to be limited

by management/distribution 1ssues than by pump capacity.

Pump and engine efficiency 1s based on the DTW I Project Technology Report. The
efficiency of centrifugal pumps in STW s lower than the same pump in LLP or FM pumps

as they reach suction limits when water levels fall.

The static water table varies between modes to retlect the varying conditions that they would

be used under.

Draw down 15 based on well output and well yield - the 2 cusec DTW 3 1s 12 It/sec/m, the
I cusec DTW 1s 10.29 (as screen diameter 1s smaller) -this 1s also used for the FMSTWs -
and STW/DSSTWs, with crude and cheap screen only get 6 I/s/m.

Total pumping head 18 SWL + draw-down +2% friction loss + | metre above the surface.

Fuel consumption 1s caleulated as cu.m. water = 275 = pump efficiency x 0.25. It gives

stmilar fuel consumption rates to the DTW Il report for DTW. but rather less for STW.
Fuel cost 1s Tk14/1t plus 10% tor oil. Costs have not been calculated for electric pumps as,
although the financial cost 1s lower, the economic cost 1s stmilar to that of diesel as the high

cost of rural power disrtribution needs to be taken into account.

Spares cost as a percentage of engine and pump cost per 1000 hours of operation.  10% 15

added for mechanics charges.
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i The cost of the pump operator is the hourly wage rate times the annual hours of operation,
However 45 operators do other work such as water distribution, only a third of a man s need

tor the LLP, STW and SFMTW, and half & man for the DTw.

per 30 ha irrigated,
k. Miscellaneous costs include annual re-excavation of DSSTW pits.
3; Total cost per ha indicates that:

- LLPis significantly cheaper, at a cost of under Tk2,500 per ha per year,

- DTW and DSSTW are more expensive, at over Tk5.500 per year. The special DTW 3 tor the special
saline conditions of Noahkali is particularly expensive, suggesting that development of alternative
surface water supplies is 4 more feasibjw option.

- There is litte difference between STW and SFMTW. For small command areas STW remain the
cheapest option, and will vontinue to be pretered due to their lower capital costs. Howver SFMTWs
do provide u low cost option,even at slightly greater depths to water than STW and DSSTW: - but this

IS 4 new and largely untried concept in Bangladesh.
4, Costs have also heen caleulated at economic Prices using conversion factors determined by FPCO.
[rrigation costs are substantially lower than at financial prices, but the relative ranking of the different

modes and technologies remain broadly similar.

The cost of traditional trrigation has heen caleulated as the cost of WO men operating 4 swing basket

wn

for a 90 day period during the horo season. This amounts to Tk7,200 per ha in financial prices or
Tk5,400 at economic prices.  This is substantially more than alternative sources such as LLP and
STW. In fact what the farmer |y paying for with his own labour is 4 saving on hiring a mechanical
pump. Therefore the labour cost has been reduced by 50% which puts it between an LLP and STW.
In practice actual labour uge may be less than 180 days per ha as farmers apply less than optimal
amount of water. There g evidence from Gumti (but not Naohkali) that traditionally irrigated boro

does yields less (and also gets lower levels of tertiliser),

6. Crop budgets at financial prices include Irmgation costs hased on tees charged in pumps surveved in
the Gumti 11 irrgation pPump survey.  An overall fee tor irrigating horo has been caleulated using the
average for ditferent modes wieghted by the Proportion of modes found in the region. The cost tfor
Other crops has been caleulated accordiny to the proportion that their fees are to the horo tee. It s
assumed that locul boro only needs halt the trngation of hyv boro as gt 45 STOWN N naturally wet
places.  [n hoth Noahkali and Gumti 4 tlat rate irrigation fee is the normal method of charging for

Water. rather than a share of the crop.
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Appraisal of Shallow Force Mode Tubewells

In some parts of the region furmers complain that croundwater supplies are limited and STW run dry towards
the end of the season. Although recharge mas he sufficient to support @ laruer arcd of irngation. the aquiter
may lack cuffient storage in its uppermost layer which 1 easily accessible 10 STWs.  As the water table falls
the STWs' suction pump reaches its it and the operator has 1o reduce the rate of pumping by slowing the

engine Thisn wrm makes the pump less etficient 1n terms of eneryy needed L0 ralse water and the reduced

supply also |imits the command arca.

Table 2 and Figure | compare the cost of

three technologies, STW. DSSTW and

cosT OF GROILMDWATER |ARIGET ION
oL

SFMTW. with the depth to waler table o LRI ORI
varying from 2 10 5 metres. The STW, with
its low capital cost produces water most
cheaply when the water is within 2 m of the
surface. but ds soon as the water table starls
to fall. it is worth deep setting the STW to
maintain  pump efficiency. It 1s prehaps
surprising that more STW are not deep sel -
which only tends to happen as the water

table falls out of reach of the suction limit. creriE o e
D cn 4+ BT & Y

The SFMTW has @ higher capital cost. hut
its efficiency 1s nol ettected by the depth to
the water table. AL over 2.5 metres the
SEMTW hecomes a cheapet water source than the STW. hut the DSSTW maintains its efficiency up 1o 4.5m-

and if the pit were deeper than 1.5m its advantage would be continued further.

This analysis indicates that both DSSTW and SFMTW can provide an enonomic alternative 1o STW in situations

where the water table has fallen sutficiently to reduce the etficiency of STW operation.

AN-ENRY IX"‘:Q



WATER CHANNELS

Type of well

Command area
Channel lengrh/ha
Ave. cross section
Cu.m. sail per ha
Cu.m. dug per dav
cost/person —day
Cost per ha

Cost per well

IRRIGATION EQUIPMENT

SPECIFICATION
Discharge sec
Command rrea
Pump chamber — m
screen length = m
Blank casing — m

Well depth — m

CAPITALCOST {lfinancial prices)

Prices:

pump chamber per metre
well screen per metre
blank casing

per melre

installation per metre

1osts:
pump chamber
well screen
blank casing
other costs
total well components
engne and pump
insmllntion & pit

water channels

total capital

nssumed life vERTs
Capital cost (inelchannel)

("4t per year — int, = L6

Totalhalyr.

COSTMIRR WK1

LLP1
10.0
&0

0.9

T2

260
Se00

LLP 1

(=3

450
500
950
26500

BB00

7050

37050
1E315
1132

LLF2
20.0

0.9
75

40

19200

56
20.0

150

]

0

450
500
950
66250
a
19200

86400

86400

26387
1319

COST OF MINOR [RRIGATION

STW
4.5 4.5 7.5 7.5 1.0
60 60 60 60 Lt
LG L6 0.6 .6 0.%
36 36 36 36 12
3 3 3 3 3
40 40 40 40 40
480 450 480 480 S60
2160 2160 3600 3600 10560
STW  DSSTW SFMTW 1 SFMTW 2 SFMTW 3
& & 15 18 23
4.5 4.5 7.5 7.5 1.0
0 0 18 12 18
12 12 12 1z L&
14 18 0 4] 0
0 0 30 24 36
i} 1] 130 330 340
180 180 140 1280 6350
150 150 Lk an 40
o 60 300 oo 404
0 ] 5940 3960 6120
T160 2160 2880 15360 11808
2700 2700 7] {1 2
1700 1700 100040 16000 12040
6564 6560 18820 19320 29928
26500 26500 51500 51500 63000
2160 3160 10800 Q000 16800
2160 1160 J&00 3600 10560
37380 38380 84720 93420 120288
] 5 19 10 [{H]
ATa80 38380 84720 93420 120288
11416 11722 17529 19329 JAEBE
1537 2603 1337 577 2263

15.0
90
0.9
&l

40
1680
16200

DFMTW 1

1250
656
623
500

16250
11808
13083
15000
66141
T4500
33000
16100

18O841

10

[BO841
39278

Zoi9

Y

220
90

0.9

&1

3

40
1080
23760
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OPERATING COSTS (finineial prices)
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ANNEX X
ENGINEERING COSTS

I Introduction

The objective of engineering costing at the pre-feasibility stage 1s to derive costs for the various opticns being
considered, in suthicient detail and accuracy 1o estabiish whether they merit turther study, to set priorites ;or
implementation and to schedule budgetary requirements. Full detailed costings are not appropriate and an
estimating procedure has bheen developed generally in accordance with the FPCO Guidelines for Project
Assessment.  The major source of costs has been Technical Report Nr 13 - Procedure for preparing Cost
Estimates. prepared by MPO in March 1987. Other sources have been used for various elements as described
below. and all rates have been checked against those prepared for the Feasibility Studies for the Noakhali North

Drainage and Irrigation Project and the Gumti Phase 11 Sub-Project.

2 Inflation

Costs have been drawn from various sources originating at various times. To convert them to mid 1991 rates
the General Index of the Index of Building Materials, Transport and Wage Rates published by the Bangladesh
Bureau of Statistics has been used, as given in Table X. |,

TABLE X.1

Index of Building Materials, Transport and Wage Rates

Year General Index  Growth Factor
Per cent

1980/81 724

1981/82 847 16.99 1:77
1982/83 831 -1.89 1.81
1983/84 833 0.24 1.80
1984/85 924 10.92 1.62
1985/86 1050 13.64 1.43
1986/87 1089 3.71 1.38
1987/88 1162 6.70 1.29
1988/89 1259 8.35 1.19
1989/90 1339 6.35 1.12
1990/9] ¢ 1450 8.29 1.03
Jun 9] e 1500 3.45 1.00

¢ = estimated

ANNEN-X.KI'K :
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Several of the sources of cost information relate to mid 1988 and mid 1983, and the respective factors were

interpolated as 1.25 and 1.80. respectively.
3 Embankments

Embankments are normally constructed by taking soil from adjacent borrow pits. Land is acquired for the
embankments and borrow pits at the current market price. It has been assumed that soil is excavated, carried
and placed manually, and compaction carried out mechanically. Embankments have typically been costed on

the basis of the BWDB standard sections for different heights, as shown in Table X.2 and Figure Xl

Where no-standard embankments are required (for instance, coastal embankments with 1 in 7 seaward facing
slopes and | in 3 country side slopes), they have heen costed individually. Similarly embankments requiring

imported fill have also been costed individually at the appropriate rates.

4 Channel Excavation

Channel excavation constitutes a major component of the proposals, and special attention has therefore been
given to deriving as realistic rates as possible for this part of the works. Various combinations of manual and
mechanical methods were investigated under the feasibility studies referred to above, in order to arrive at the

most eftective approach for any given circumstances.

It was concluded that manual excavation is best employed in all locations except where the depth of water makes
it difficult or impossible. Under these conditions mini-dredgers have been adopted.  Enquiries from
manutacturers led to calculations that a machine of 65 m'/s output would cost about Tk 19 million in
Bangladesh, with running costs of about Tk 1 280 per hour. Assuming cost recovery over a three year contract
gave a basic rate excluding labour costs of Tk 43.75 per hour. Full-sized dredgers as presently used n
Bangladesh were also investigated, but found to be more expensive and less appropriate for the works

envisaged.

The spoil would be pumped as a slurry and retained within small bunds to the required depth. The basic
delivery pipe length is assumed to be 450 m of which 150 m is tHoating pipe. giving an effective transport

distance of about 300 m.

Considerable attention was also paid to the matter of spoil disposal. The system eventually most tavoured has
heen to spread the material on adjacent land, and pay the farmers compensation for the loss of a season’s
production. Compensation for the loss of one season’s cropping was set at Tk 15 000 per hectare, plus an
additional Tk | 000 per hectare tor tertiliser for the next season. Assuminy 4 spreading thickness of 0.3 m
gives a rate of TK 5 per m’ to be added to the basic excavation rate. This approach appears preferable to

acquiring land for spoil disposal. as it minimuses hoth the Joss of land for agriculture and the displacement of

people.

Excavation of major channels for drainage improvement or khal deepening for irrigation has been estimated as
a volume and costed at the appropriate unit rate. including the allowance for compensation for spreading where

necessary.

ANNEX-X.KFK .
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TABLE X.2

Calculation of Costs per Unit Length of Standard Embankment

Height Fill Bed Width Turfing Land Cost of Cost of Total
H (m) Volume of Borrow Put Area Acquisition Earthworks Turfing Cosl

(m/m) X(m) (:170my Width (m} {Tk/m) {Tkim) (ki)
1.00 6.77 2.93 9.67 25.76 406.20 29.00 435.20
1,25 6.24 4.56 11.02 28.64 554.63 33.05 S587.68
1.50 12.03 6.39 12.37 ¥L:72 721.80 37.10 758.90
1.75 15,13 8.43 13,72 35.01 907.73 41.15 G48.88
2.00 18.54 10.68 15.07 38.51 1112.40 45.20 1157.60
2,25 22.26 13.13 16.42 42.21] 1335.83 49.25 1385.07
2.50 26.30 15.78 1777 46.11 1578.00 53.30 1631.30
2.75 30.65 18.64 19.12 50.22 1838.93 57.35 1896.27
3.00 35.31 21.71 20.46 54.54 2118.60 61.39 2179.99
3.25 40.28 24.98 21.81 50.06 2417.03 65.44 2482.47
3.50 45.57 28.46 23.16 63.79 2734.20 69.49 2803.69
375 5117 32.14 24.51 68.72 3070.13 73.54 3143.67
4.00 57.08 36.03 25.86 73.86 3424.80 77.59 3502.39
4.25 63.30 40.13 T2l 79.21 3798.23 81.64 3879.806
4.50 69.84 44.43 28.56 84.76 4190.40 85.69 4276.09
4.75 76.69 48.93 29.9] 90.51 4601.33 89.74 4691.06
5.00 83.85 53.64 31.26 96.47 5031.00 93.78 5124.78
5.25 91.32 58.56 32.61 102.64 5479.43 2 97.83 5573026
5.50 99.11 63.68 33.96 109.01 5946.60 101.88 6045 48
575 107.21 69.01 35.31 115.59 6432.53 105.93 6338.40
6.00 115.62 74.55 36.66 122.38 6937.20 109.98 7047.18
Unit Rates Used: Excavation & Shaping ( Manual ) - Tk 35/m?

Mechanical Compaction - Tk 25/m?
Turting ( Manual ) B Tk 3/m?

FIGURE X.1

BWDBEB Stindard Embankment Section

—4.27m—
2 : 3
'k > b
—3m~ H 6m - : . H.52me=
\.\.\\\\\\'\\\\'\\"\\\\\\\\.\\.\.\\\\\\\\\_\\\\\\.'\‘\\\\\\\\'\.‘.\\'\\\\\\\\\\\\\‘\\\‘\"\‘\\\\\\\\\\\\\\\\'\\'\g!‘ 1.52 m IV/ AAARARARANS

|
P

Land Acquisition Width
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[n some of the options the provision ot minor drainage channels has been specified, and costed on an area basis.
Drainage of individual paddy fields is the responsibility of the farmers, and the minor drainage system to be

installed by the project is assumed to provide drainage outlets for each 100 acre (40 ha) block. The cost of such

:fl < "J

local drainage has been estimated on the basis of the stylized layout prepared by MPO and reproduced in Figure

X.2. The MPO calculations are based on a complete drainage system for an area of 12,150 ha as shown in
Table X.3. The channel sizing and excavation quantities have been estimated on the basis of discharges at

different reaches for a drainage co-efficient of 38 mm/day. The drainage co-cfficient is based on the data

available from various studied or executed projects within the region, as shown in Table X.4.

TABLE X.3

Minor Drainage Channel Earthworks for Stylized Layout Covering 12,150 ha

Name Nos.  Length Total Depth Bed  Area Volume Spoil Bank Berm LA Total
of of of Length Width  per top  height LA
Reach Reach Reach d b metre width

(fy  (m) (m) (m) (M) (@) (@ (m) (m) (@)m o
Cc-ClL 4 2090 2549 051 1.53 1.17 2983 0.6 052 0.9 7.25 18 480
A-B 9 2050 8095 0.6 L8 1.62 13113 0.6 0.65 0.9 8.29 67 108
A-G 2 2950 1799 0.6 1.8 1.62 2914 0.6 065 0.9 8.29 14 914
Cl1-Cl1 2 2090 2549 0.7 2.1 221 5620 0.6 079 0.9 9.47 24 139
c2-D 2 2950 799 0.89 2.67 3356 6412 06 1.07 0.9 {esrs| 21 066
€2-F 2 2950 1799 0.8 267 356 6412 06 1.07 0.9 11.71 21 066
B-BlI 3 2950 2698 1.19 357 637 17194 06 1.51 0.9 15.28 41 225
BI1-B2 | 2950 899 .32 3.96 7.8¢ 7052 06 1.70 L5 17.43 15 670
BI-D 2 2950 1799 .32 396 7.84 14104 06 L70 1.5 17.43 31 357
B2-E 1 2950 899 1.53 4.6 10.55 94838 1.22 1.77 L.5 20.20 18 160
D-E 2 2950 1799 .64 4.93 12.12 21801 L6 L79 1.5 21.70 39 038
E-F 1 2950 899 2.23 LL.13 32,28 29032 7,25 1790 LS 40.96 36 823
F-Fl 1 2 950 899 2.3 11.52 3443 30967 7.75 1.80 1.5 42.63 38 324
FI-G 1 2950 899 227 1133 3345 30083 T.7% 176 LS 42.18 37 920
G-Gl 1 2950 899 2.58 12.88 43.22 38867 1025 1.79° L35 49.80 44 770
G1-0 1 2950 899 2.61 13.03 44.23 39777 10.5 1.80 1.5 50.55 45 444
Sub total
(4050 hec.) 31179 275 818 515 504
Sub total
(12,150 hee.) 93 537 827 453 | 546 512
o-p | 2 950 899 3.25 16.25 68.66 61 749 17 .82 1.8 69.09 62 112
TOTAL VOLUME OF
EARTH FOR 12,130 ha 889 202 1 608 624

Source: Technical Report Nr 13,
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Figure X.2

Stylized Drainage Layout for 30,000 Acre (12,150 ha) Block
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In the study area there is a substantial density of existing drainage channels, and it has been assumed that the actual

excavation volume required is half that calculated for the stylized layout. Using a unit excavation rate of Tk 35 per cubic

metre, including compensation for spoil spreading, the total cost of 444 600 nr' of excavation over a 12 150 ha area is

Tk 15.56 million. equivalent to Tk 1 300 per ha. It is assumed that this cost will also cover any minor drainage structures

necessary within the system. Since existing channels are generally being excavated, land acquisition is assumed to be

negligible.

TABLE X.4

Drainage Coefficients from Various Projects

Project Drainage co-efficient
mm/day

Gumti - | 35

Gumti Phase 11 35

Little Feni 44-47

MDIP 35

Delta Dev. Project 36

(Part 1 Phase IV-VIID

Recommended for SERWRDP 38

Summary of Earthworks Rates

A summary of the carthworks rates used in the engineering capital cost estimates is given

TABLE X

)

Unit Rates for Engineering Capital Cost Estimates

in Table X.3.

[tem Description Remarks Unit Rate
Nr Tk/Unit
| Channel Excavation & Dumping Manual cu.m 30
2 Channel Excavation & Dumping Dredging cu.m 50
3 Channel Excavation and Spreading including Compensation Manual cu.m 35
1 Channel Excavation and Spreading including Compensation Dredging cu.m 55
5 Embankment Construction (Excavate, Shape & Compact) Manual Compaction cu.m 45
6  Embankment Construction (Excavate, Shape & Compact) Mechanical Compaction cu.m 60
7 Embankment Construction with Imported Fill Manual Compaction cu.m 80
§  Embankment Construction with Imported Fill Mechanical Compaction cu.m 95
9 Excavation of Minor Khals & provision of Structures ha I 300
10 Turfing Munual S¢.m 3

ha 400 000

11

Land Acquisition

ANNEX-N.RPK X
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6 Drainage Regulators
6.1 Size and Number of Venls

The required capacity of drainage regulators has generally been estimated from SERM results or. where these
are unavailable. from catchment runoft calculations. The required size and number of vents has then been

estimated 1in the mannes described below,

Discharge through a siuice or drainage regulator 1s similar to that through a culvert or pipe. Under Bangladesl,

conditions the followmng extreme tflow characteristics may be considered:

- Flow Type | Q = CAV/(2¢h)

where  Q = Discharge through the barrel
A

Flow area through the barrel

Acceleration due to gravity

h = Water level difference between u/s and d/s
C = Discharge Coetficient, taken as 0.8
The pipe may run full.
- Flow Type 5 Broad crested weir. Water level in the down stream 1s below the critical

level in the barrel.

= CLHF

where Discharge Coefticient, taken as 1.35

Il

width of opening

i vl | & T &)
1l

= head over crest

Two standard vent sizes have been considered:

1.2 m X 1.82 m (BWDB Standard Size)
3.05 m X 3.05 m (BWDB Larger Size)

BWDB also has a special size, 1.2 m X 1.52 m. but this has been avoided as it 1s difficult to clean, especially

when the barrel length is quite long, as in the case of drainage sluices (up to 25 m).

Discharges per vent for different vent sizes under the two flow conditions considered are given in Table X.6.

ANNEX-X.KPK X-0O



TABLE X.6

Discharge Through Drainage Regulators (m'/s)

Barrel Size
1.52mX 1.82 m 3.05m X 3.05m

A. FLOW TYPE I, Q = CA V/(2gh)

h=02m 4.5 13
h=03m 5.0 18

B. FLOW TYPE 5, Q = CLH™*

H= 29m - 20
H= |.7m 4.5 -
C. RECOMMENDED 5.0 18
Note:

h = head difference hetween u/s and d/s of the drainage sluice.
H = Head over crest i.e. depth of water in the barrel.

6.2 Costs

To develop parametric costs, data have been collected from ditterent projects or studies, and are presented in

Tahle X.7. However. various inconsistencies are apparent. This may be due to the tollowing causes:

- not all were estimated on the basis of standard (BWDB) designs,
- tendered rates are influenced by local socio-political conditions.
- special toundation treatment may have been included, and

- local hydrological conditions may have called for special designs.
In order to resolve these inconsistencies, discussions were held with engineers associated with several of the

projects concerned. especially the DFC-I1I project, and MPO estimates were also collected. Based on all the

sources of information. a consistent set of estimated costs was adopted. as presented in Table X.8.

ANNEN-X.KI'R X-7



Cost of Various Drainage Regulators Studied or Implemented (1990 prices unless noted)

TABLE X.7

Sl Name of structure Size of Total Cost per
Nr Structure cost vent
(000 Tk) (000 Tk)

! Nabimnagar Ohraumtage Regulato 3-CidmX 4.50m Q5 400 23 250

2 Homna Drainage Regulator 7-9.19m X 4.50m 208 000 29 714

3 Bijni Drainage Regulator 7-3.05mX3.05m 54 000 7714

4 Nabinagar East Drainage Regulator 6-3.04mX3.04m 48 400 8 067

5 Nabinagar West Drainage Regulator 6-3.04dmX3.04m 48 400 8§ 067

6  Rahmatkhali Drainage Regulator 14 -3.05 m X 3.05 m 86 912 6208 (4)
7 Naogaon Zia Khal Drainage Regulator  20-2.44 m X 3.05m 229 700 11485 (b)
8  Bur Nadi Drainage Regulator 1-1.2mX 1.82 m 3 900 3 900

9 Drainage Regulator [ -1.52m X 1.82 m 4 600 4 600
10 Little Feni River Drainage Regulator 1-1.52mx 1.82m 2 580 2 580
11 Matia Drainage Regulator 2-152mX 1.82m 5 600 2 80O
12 Batakandi Drainage Regulator 2-1.52mX 1.82 m 5 600 2 80O
13 Madhupur Drainage Regulator 2-1.52mx 1.82 m 3 000 1 500
14 Saddona beel sub-project 2-1.52mX 4.00 m 3 870 1 935
15 Chandal beel project 3-1.2mX 1.82m 4 950 1 650
16  Kahua river sub-project 3-1.2mX 1.82m 4 260 1 420
17 Chandina Drainage Regulator 3-1.52mX 1.82 m 7 000 2 333
18  Banshkela Drainage Regulator 3-1.52mX 1.82 m 7 600 2 533
19 Muktarampur Drainage regulator 4-152mX .82 m 6 900 1 725
20 Lalpur Drainage Regulator 4-152mX 1.82m 6 900 1 7325
21 Siddeswarn Drainage Regulator  12-1.32 m X 1.82 m 15 000 1 250
22 Elhotgany Dratnage Regulator 14 - [.32 m X 1.82 m 13 000 929
Note:
(a)  On the basis of quick estimate at 1991 prices
(b)  Based on International Tender Rate (1991). The cost is high mainly due to excessive earth work in site tilling and

major protective works.

7 Pump Stations

Parametric cost for pump stations have been developed from MPO estimates. The formulae recommended by MPO have

been adopted after applying a multiplying factor 1.81 to take into account price rises between 1983 and 1991, These

formulae are shown below:

Civil structure cost

Mechanical and electrical cost

where

ANNEXN-X.KI'R

Tk 2 700 000 x (QU)"™

Tk 3 026 000 x (QH)*Y

total discharge of station in m'/s

Q —
H = static head (m).
U = Nr. of Units

X-8



TABLE X.8

Costs of Drainage Regulators Adopted for the Present Study
(1991 price in Tk million)

Nr of From Table X.6 =~ MPO Other Adopted
vents Sources (a) Cost/Vent

A. BWDB STANDARD SIZE (1.52 m X 1.82 m)

1 2.5-4.6 2.30 2.50 - 3.00 2.50
2 1.5-2.8 2.28 1.75 - 2.00 2:25
3 1.4-2.3 2.10 1.50 - 1.67 2.00
-+ 1.7 1.98 1.25 = 1,38 2.00
5 - .91 1.10 - 1.20 1.75
6 - 1.87 1.00 - 1.08 1.75
7 - 1.82 0.93 - 1.00 1.60
8 0.3 1.82 0.88 - 0.94 1.60
9 - 1.80 0.83 - 0.89 1.60
10 5 1.80 0.80 - 0.85 1.60
L . - - 1.60
12 1.2 = - 1.60

B. LARGER SIZE (3.05 m X 3.05 m)

6 8.10 - - 8.00
7 7.71 - - 7.50
8 - - - 7.00
9 - - - 6.00
14 6.21 = - 6.00
22 - = - 6.00
Note: (a) From discussions with the construction engineers, DFC-3 and others.
8 Power Supply

Electric power is required for all primary pump stations (it has been assumed that LLPs are driven by diesel
engines). Allowance has been made for the provision of 33 kV distribution line, based upon the shortest
practical dJistance to an existing hiyh voltage supply point.  On the basis of discussions with the Power
Development Board. it has been assumed that there is ample capacity within the existing system. Transmission
line costs have been calculated at a rate of Tk 450 000 per km, in accordance with information gathered from
the Power Development Board (PDB) and the Rural Electrification Board. The cost ofa 33/11 kV transformer
has been taken as Tk 9 000 000. The cost of power consumed has been taken as Tk 2.5 per KWH, which 1s
the rate charged by the PDB for bulk supplies for agricultural use. Annual power consumption has heen based

upon a typical operating period of 1 400 hours and an overall pumping efficiency of 60%.

ANNEX-YLKIK X-9



9 Buildings

It is anticipated that most of the schemes considered would he managed from existing BWDB facilities. and
therefore new buildings have only been proposed where they are needed at the site of major regulators ete. In

such cases. a sum of Tk 300 000 has been allowed.

10 Operation and Maintenance (O&NM) Costs

Expenditure on O&NM varies widely from scheme to scheme, and 1t 1s not practical to make a detail=d
assessment at the pre-teasibility stage. In many existing schemes. actual expenditure on O&M 15 much less than
desirable, with important maintenance items being deferred apparently through lack of funding. The FPCO
Guidelines for Project Assessment give recommended O&M costs for various works, expressed as a4 percentage
of capital cost. and these have heen adopted for the present study, as shown in Table X.9,

TABLE X.9

Annual Operation and Maintenance Costs

Description Percentage of

Capital cost

I Full Flood Embankment 6
2 Submersible Embankment (a) 10
3 Drainage Channels 6
4 Structures 3
5 Buildings 6
6 Pump Station

(1) Civil 2

(11) E&M 2
7 Transmission line and

(58]

Sub-station (a)

Source: FPCO Guidelines except (a). Consultants™ estimate

11 Breakdown of Costs

The estimated hreakdown of major items of construction cost in terms of the main categones of labour,
materials and equipment etc are presented in Table X.10. Similar breakdowns in respect of O&M costs are
presented in Table X. 1. The resulting calculations of weighted conversion factors for the conversion of capital

and O&M costs trom financial to economic prices are presented 1n Tables X.12 and X.13 respectivelv.
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TABLE X.12

Estimutes of Conversion Factors for Capital Cost Items

Item skilled Unskilled Transport Cement/ Steel Machinery Gravel/ Weighted
Labour Labour 8itumen & equpt Bricks average
Conversion
Factor
Conversion Factor 0.87 0.65 0.79 0.79 0.75 0.62 0.87
Embankments §:2 36.4 4.7 0.0 0.0 19.8 0.0 0.66
Canals 5.2 36.4 4.7 0.0 0.0 19.8 0.0 0.66
Major drains 5.2 36.4 4.7 0.0 0.0 19.8 0.0 0.66
Drainage 5.2 36.4 4.7 0.0 0.0 19.8 0.0 0.66
Regulators 9.6 273 1.6 6.3 9.8 12.4 3.5 0.70
Culverts 10.4 31.9 2.4 4.7 9.8 8.1 3.5 0.71
Pump stations Ciwvil 10.4 312 1.6 6.3 9.8 8.1 3.5 0.7
Pump stations E & M 4.b 0.7 2.4 0.0 0.0 56.4 0.0 0.664
Roads E/W 5.2 36.4 4.7 0.0 0.0 19.8 0.0 0.66
Roads Pavement 193 8.5 3.2 10.3 0.0 13.0 31.3 0.78
Bridges 10.4 30.6 2.4 75l 9.8 7.4 35 0.7
Footbridges 1.3 31.2 3.2 7.1 9.8 5.6 3.5 0.72
Power supply 4.4 0.7 3.2 0.0 0.0 55.8 0.0 0.64
Buildings 13:1 9.1 0.0 18.2 9.8 3.7 25.2 0.79
Other conversion factors from FPCO Guidelines vehicles 0.48
standard conversion factor 0.87
TABLE X.13
Estimates of Conversion Factors for O&M Cost Items
Item skilled Unskilled Transport Cement/ Machinery Pump Weighted
Labour Labour Bitumen & equipment station average
power Conversion
Factor
Conversion Factor 0.87 0.65 0.79 0.79 0.62 1.54
Embankments 19.58 37.38 2.37 0.00 10.54 0.00 0.70
Canals 19.58 37.38 2.37 0.00 10.54 0.00 0.70
Major drains 19.58 40.95 2.37 0.00 7.13 0.00 0.70
Drainage 10.01 56.88 0.79 0.00 0.00 0.00 0.68
Regulators 24.36 36.73 1.98 4. 746 4.34 0.00 0.72
Culverts 24.80 40.95 1.98 4. 74 0.0u 0.00 0.72
Pumn =rat  avil 24.80 57.38 .98 0.G0 o G.an g.m
Pump stat. E & M 25.23 18.85 1.58 0.00 24,40 0.0u 0.7y
Pump stat. Power 0.00 0.00 0.00 0.00 0.00 154.00 1.54
Roads 19.14 38.68 1.98 4.74 6.20 0.00 a.7
Bridges 24.80 36.40 1.98 L.74 4.34 0.00 0.72
Footbridges 24.80 40.95 1.98 4.74 0.00 0.00 0.72
Bui ldings 24.80 40.95 1.98 4.T4 0.00 0.00 0.72
standard conversion factor 0.87
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ANNEX XI

COMMENTS, REPLIES AND ACTIONS ON DRAFT REGIONAL PLAN REPORT
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WRPO Comments

/ FPCO Comments

World Bank Comments

Category 2
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-
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BWDB Comments

WRPO Comments

jFPCO Comments
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ANNEX XII

TERMS OF REFERENCE AND AMENDMENTS



APPENDIX A

TERMS OF REFERENCE



BANGLADESH

SOUTH EAST REGION WATER RESQURCES DEVELOPMENT PROGRAM

Terms of Reference

I. Background

Introducticn

Lo The Government of Bangladesh (GOB) aims to achieve foodgrain self
sufficiency. With this objective in mind, GOB has selected in its priority
program the development of the South East Region and has conducted surveys,
investigations and modelling programs to be used as essential planning tools
for the selection of projects for implementation. These activities Rave been
undertaken under the UNDP assisted Surface Water Simulation Modelling Pregram
for the South East Region, the hydro-morphological study of the Gumti-Titas
basin, the aerial photogrammetry survey of the Gumti-Titas basin, the
hydrographical surveys for the rivers and khals, and the hydrological data
collection program for the basin. GOB requested the assistance of UNDP for
financing the preparation of a development plan for the Region and a proposal
for specific investments. The World Bank was requestad and accepted to serve
as executing agency. Assistance for the implementation of projects is
expected from the International Development Association (IDA) and other
donors. :

2 GOB proposes to conduct the study through consultancy services
provided by a consortium of foreign and local firms. These firms will prepare
a regional plan at prefeasibility level for the development of water resources
in the region to support agricultural production (crops, livestock, fisheries)
and make recommendations for phasing of proposed development programs. The
consultants will then carry out a feasibility study for a first phase develop-
ment program. The prefeasibility study shall be completed within nine months,
the feasibility study in the following 24 menths. This timing .is a mere
estimate. The consultants will be expected to provide their own assessment of
how the activities should proceed, keeping in mind that GOB attaches great
importance to the preparation of an effective regional development plan for
the South-East area.

Project Area

3. The project area has the following approximate boundaries: to the
North, the line from Hasvinzgar to Madhabpur; to the East, the border with
India and the Eastern border of the Muhuri Project; to the West, the main
stream of the Meghna River; and to the South, the Bay of Bengal.

& The project area has an extensive system of waterways for irrigation
and drainage, including major channels such as the Dakatia and Gumti rivers
and the MNoakhali Khal, and a dense network of natural khals. Many man-made

-’
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ears ago and still fumction without
of channels has been included in
e Chandpur and Meghna Dhonagoda

the Special Canal Excavation Program and
he project area covers approximacely 9000
pproaching 1000/km2 in some parts. Present
ticularly constrained by flooding in tie
uring the dry season.
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Justification for the Project

ST The project area suffers from problems of flood and drought. During
the monsoon (May to October) high concentration of rainfall, high sediment
discharges, storm surges and tides in coastal areas create difficult
hydrological conditions and lead to silting up of outfall canals. The main
rice crops, aus and aman, that are grown in the monsoon season, are frequently
subjected to flooding to depths which severely reduce yields. These crops are
also frequently affected by erratic rainfall and by a late onset or early
cessation of the monsoon rains. Increase in cropping intensity, by expanding
the area of beoro rice and other rabi crcps during the dry season, depen&s upon
the provision of irrigation. The study will produce a plan for addressing
these and other ¢ raints to agricultural production (crops, livestock,
fisheries).

o]
o
w
rt

Present Situation

6. Complete nd on-going major water resources development activities
s 10 ek '

Can
m

Chandpur Irrigation Project, which provides flood control and
drainage to an area of 52,000 ha and irrigation to 27,000 ha, was
completed in 1980;

(b) Muhuri Irrigation Project, which provides flood control, drainage
and control of saline intrusion to an area of 27,000 ha and irriga-
tion to 20,000 ha, was ccmpleted in June 1986; '

(c) Meghna-Dhonagoda Project;

(d) ° Gumti Phase I Subproject being implemented under the Third Flood
Control and Drainage Project provides flood control and drainage to
a cultivable area of about 29,500 and irrigation to 10,000 ha. A
second phase of the development of Gumti-Titas basin is under
preparstion. The proposed development comprises flood control and
drainage to 100,000 ha and irrigation development to the extent
permissible by the available dry season flow of the Lower Meghna

iver;

(e) other developments include:
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(| . ; , .
p\‘\ (1) _g:;istance in the Rural Development sector by DANIDA under the
NN A NBY IT Project in the Noakhali District. This project supports

DH A miner surface water irrigation schemes, agricultural extension,
=== credit and cooperative services;

(ii) land reclamation with Dutch assistance in the newly accreced
lands in the south of the region; and

(iii) completed and ongoing Food for Work schemes, implemented by
BWDB field divisions, involving mainly re-excavation of khals
and resectioning of embankments.

Previous and Ongoing Studies

T The results of earlier studies should be evaluated and the data base
underlying them assessed. The Surface Water Simulation Model developed under
UNDP project BGD/85/045 is expected to provide the analytical base for this
preparation work. The Consultants will be expected to work closely with teams
involved in the implementation of projects and studies in the Region, includ-
ing Gumti Phase II, and the hydro-morphological study of the Gumti/Titas, and

with teams working on the preparation of a National Water Plan and Flood
Policy initiatiwves.

II. Terms of Reference

8. The first output of the project will be Regional Develcpment Plan at
pre-feasibility level, including: (i) a comprehensive data base for water
resources, agriculture (crops, livestock and fisheries) and socio-culturzal
characteristics of the South-East Region; (ii) an assessment of the develop-
- ment potential in the Region and the associated requirements for water
resources development; and (iii) identification of potential investment pro-
grams to help achieve the production potential. This plan shall include al-
ternative scenarios for effective utilization of intra regicnal ground and
surface water and transfer of surface water from boundary streams. Fertineat
to the latter would be the transfer of the Meghna flows to meet requiremencts
of existing /proposed schemes within the project area and the Muhuri Irriga-
tion Project.

9. The regional plan should identify, how potential investment Opportu-
nities could be implemented in the contract of a well defined and phased de-
velopment program. It should broadly describe the areas proposed and outline
specific investment programs to be studied at feasibility level.

Scope of the Consultancy Services

10. For preparation of the regional plan using the participateory
approach the consultants shall undertake the necessary work in relation to:

(a) Analysis of the Social Setting. The consultants will use the
guidelines given in Attachment A to obtain information necessary to




(b)

(d)

(e)

(£)
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nhotographs.

and Mapping.
maps and surveys,

The ceonsultan use n
recent COoy aphical surveys on th
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region's knal and river systems conducted in connection with S5wili

and the feasibility study of the Gumti-Titas basin. They will
update this information to identify waterways, cultivable and
irrigable land, and fisheries facilities.
Hvdrology. The Consultants will have access to surface water and
geotechnical data available with GOB agencies. They will work

{2

closely with BWDB and the consultant conducting the
hydrological-morphological study of the Gumti-Titas rivers and the
Gumti Phase II study. It should be specifically noted that the
output from the SWSM will be a major input into this regionzl
planning effort. All hydrological data needed for the. study,
including discharge, sediment, salinity and climatological data
shall be collected from pertinent sources and presented in the
prefeasibility studies, along with analyses to establish parameters
for subsequent feasibility studies. An appraiszl shall be made of
the available water resources. Assessments shall be made cof

celizble flows, storm rzinfall, flood frequencies, sediment loads
and salinity. Crop water requirements shall be estimated for
alternative cropping patterns, taking into account effective
rainfall.

w

Land Classification and Flood Depths. The Consultant shall make an
assessment of flood depths and the capabilities of the soils in the

area. Necessary soil surveys shall be conducted in selected loca-
tions as reguired.

Crop, Livestock and Fisheries. The Consultant shall report om the
present land use in the project area. The existing agricultural and
fisheries practices in each area proposed for development shall be
described, inclucing varieties, tish species, current yields. in-
puts, iabor requirewments, cultivatiou metnods, incidence -of disease
and pests and any other relevant aspects. The Consultant shall make
estimates of future levels of production indicating suitable crop-
ping patterns and technology for crop, livestock and fish produc-
tion.

Engineering:

(i) Th2 Consultants shall assess all water resources schemes,
partly or completely constructed in the project area. They
shall review existing reports, surveys and designs to generally
establish lessons learnt form and the impact made by existing
schemes for the development of water resources in the project

arez. The Consultants shall identify all potential water

-~
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resources in the project area, assess the availability of
groundwater and define the role of groundwater in the
development of the region. Account shall be taken of the
requirements for domestic water supply and in-land water
transport. OQOutline designs and alignments shall be prapared
for major works and order-of-magnitude costs shall be
calculated. Projects identified for feasibility level study
shall be ranked according to their suitability for rapid
development and potential for contribution to growth, employ-
ment creation and poverty alleviation.

Augmentation of Muhuri Reservoir. Irrigation withdrawals by
riparians dbove the Muhuri Irrigation Project boundaries and
the dry season discharge requirements for flushing of tidal
silts accumulation in the outfall canal of the Feni regulator
led to inadequate water in the reservoir during February/March:
to command the irrigable area of 20,000 ha. The Consultants
shall, with the available stream flow datz of Feni and Muhuri
rivers collected since 1982 and the discharge records of the
Feni regulator make an operational study of the reservoir for
the existing cropping pattern and the post-project recommended
cropping pattern to determine the augmentaticn requirements of
the reservoir for the original command area of 20,000 ha, the
additional area that could be taken up above the project
boundaries and for flushing requirements to keep the outfall
canal free of silt to facilitate operation of the regulator
gates at the onset of the monsoons. The Consultant will them
make recommendations on the potential engineering and economic
feasibility of a Meghna-Muhuri link to transfer water.

Imorovement of Drainage. Assess drainage problems of the area
and suggest soluctions.

Environmental Considerations. The Consultant shall consider the

impact on the environment of each alternative development opticn and
recommend appropriate actions to mitigate adverse effects. The
prefeasibility study shall clearly set forth the environmental con-
sequences of recommended improvements and actions including the
impact of displacing farmers and other residents resulting from
proposed investment programs. Particularly consultants would broad-
ly identify (a) the natural resources, ecosystems and human groups
likely to be affected, and highlight actual vulnerable areas. Both
direct and indirect impacts should be considered, (b) assess the
reliability of data and information on environment, (c) make
recommendations for further work and measures that may be needed,
(d) identify institutions needed to manage environmental considera-
tions related to the project and assess capacity in this regard of
existing Bangladesh institutions particularly staff of BWDB and
prepare a proposal for training of BWDB staff,
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(i) Economics The Consultant shzall assemble relevant socio-eccnomic
information cn the project area Constraints to development shall
be identified and their impact on the achievement of future produc-
tion estimated. The consultant shall assess existing infrastruc:ture
and future regquirements for increased agricultural production in the
project area., All benefits and costs for proposed projects shall be
estimated. The econcmic feasibility of each project suall be
assessed. Particular attention snall be paid to land tenurs and
incentive systems for fishermen and farmers to adopt improved
technology.

1. asibility Studies: The second project output will consist of two

feasibili-y studies,
"100,000 ha and the o

one for a project covering a p'iority area of about
ther one covering the augmentat

ion of the Muhuri Project.

The final decision on the location of the first project will be made during

the first interim review (about six months following project start-up). Aug-
mentation of the Muhuri Project will be tHe subject of a separate feasibility
study unless otherwise agree by GOB, UNDP and the Bank to either modiiy 8

scope or combine it with the previous
additional resources required will be
tants prior to initia
bility studies includ

(1‘

IU

(z2) discussions/{consu
beneficiaries

ations

(b) discussions with Ministries of Agriculture,
Fisheries and Livestock,

Shipping and IWT,
opment and Flood Contcet,
Department,

local participation;

.c) assessment of the data base,

hydrologi

it
feasibility study. In that case, any
discussed and agreed with the con l
ion of the work.

‘Planning Commission,
BADC, NGOS and other inst

review of topographical
cal and morphological data, agro-economic and socio-

u
ezsi-

s
Specific tasks relating to the £

with local officiels and potential
(Attachment A);

Forests, Environment,
Irrigation, Water Devel-
Roads and Highways
itutions "involved in promoting

SuUrveys,

economic data and assessment of ongoing surveys and data collection
activicies, with particular reference to their adeouacy and the need

for additional work,

including a benchmark survey to be conducted as

part of the Consultant work program (Attachment A):

(d) wusing the results of the simulation modelling program and other
-sources of data for the SE region, obtain information needed for
determining design levels of embankments and discharge data for
fixing capacities for drainage structures and for the design of
drainage/supply khals or canals;

(e) assessment of the extent of benefitted area,

the potential impact of

the pronnsed project works on the adjacent areas ana the _region.as a

whoite and on existing economic activities (fisheries.

navigation,

etc.); identification possible negative effects in the project area
and preparation of proposals for possible remedial measures;
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establish design criteria and planning concepts, prepare project
layouts, Eeasibilicy Level engineering designs and drawings of
relevant project components. In this respect, due consideration
shall be given to:

B the possibility to improve irrigation facilities through
pumping water from the Meghna and conveying it through anm
improved khal system, taking into consideration present and
planned use of Meghna waters; '

- the design height of embankments and the associated risk of
failure;

- the special maintenance requirements of high embankments and
the increased damage in case of failure (in particular in those
areas where embankments have to be significantly raised as a
result of river confinement and where the polder inundation
levels will be considerably lowered through pumping);

- current groundwater abstractions in the project area and the
pocencial for further development; and

- the need for access and service roads, necessary to construcet,
maintain and operate the embankments, structures and other
project facilities;

preparation of cost estimates of project works omn the basis of
recent actual contract rates, including annual expenditure schedules
in both local and foreign exchange currencies;

preparation of operation and maintenance schedules, including staff,
equipment and budget requirements;

preparation of realistic implementation schedules, showing project
components in quantitative and monetary terms, equipment and staff
requirements and procurement schedules, as well as specifications
for engineering and other surveys required for detailed design and
implementation; World Bank formats to be used for implementation
schedules and procurement of equipment, vehicles and civil works;

preparation of proposals for improved water management and an
organizational structure for project implementation, and for
improving the institutional infrastructure (e.g., extension,
research, credit, marketing, and farmers’ organization) in the area;

assessment of benefits for relevant project alternatives and evalua-
tion of project economics, including farm budgets, internal rates of
return and sensitivity analysis; and

for a sample of ongoing FCD&I projects, identify the implementation
problems at the preconstruction and construction phases and

-~
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recommend solutions to overcome such constraints under the proposed
progranm
III. Important Actiwities
produce a project works plan indicsting the project area, embank-
ments, khals and minor drainage channels, rivers, structures, roads,
etc. The map should clearly indicate the existing and proposed
the

works and the changes of embankment and the major khals;
preparation of a map indicating the preproject and post project
flooding conditions, the proposed drainage compartments and a
schedule indicating the proposed completion dates for the drainage
compartments, and the items of work to be completed;

Flood Control and Drzinage Improvement

(c)

Flood data should be classified aleng the lines below:

Flood Depth (meters) Arez Ha Z of Total Area
0.3 to 0.6
.6 e 1.5
1:5 fo 390
over 3
Total
The above data to be given sgparately for:
= average annual flocod level and duration;
- maximum (historic) flood level and estimate of probability of
OCCUrTrence;
(d) trends in water level at selected locations for different develop-

ment scenarios. The return periods to be 20 and 30 years;
derermination of the required capacity of regulators.

The following
design criteria shall be adopted:

- the drainage system shall be capable of releasing runoff of 10

days rainfall with a return periecd of 5 years during the

critical period, not exceeding a submergence duration of 3 days
and/or; '

- the drainage system shall be capable of releasing runoff of a
10 day rainfall with a return period of 10 years during the

critical period not exceeding a submergence duration of 6 days;



(£) £for the detgrmlu_h;cn of the capacity of main drainage canals
(usually an existing khal) the design criteria is the runoff of a
storm with a return period of 10 years and drainage within a pericd
of 3 days;

"

e provision for new secondary canals on the basis of a minimum of
.5 Km for 200 ha of drzinage area with due consideration given to
rigation requlﬂements if low lift pumps are utilized.

iy

Irrigation Development

(a) assess water resources of the Lower,Meghna River, taking into
account the present withdrawals by the users and their future
requirements and determine the availability of water for use in the
project area, as well as that for a possible transfer to the Muhuri
Irrigation Project;

(b) study the development options available, such as primary pumping
with the secandary distribution system provided e;ther by tow lift
pumps or gravity. Study the possibility of using lined canals or
underground pipes and £lexible pipes to reduce land acquisitioan and
save water;

(c) study the existing irrigation systems in the project area (LLPs,
STWs and DTWs) the organizaticn and management of farm gruups and
water users associations as a means to improved water distributicn
and management; the condition of farm canals, designed and actual
command areas; identify the constraints and suggest solutions;

(d) propose a strategy for development of irrigation;

Pump Drainage

12 Study the possibility of lowering flood levels in the protected area
by designing the primary pumps to be able to function on a reversible basis.
Determine the additional area that could be brought into cultivation using
improved technology Analyze the economics.of the pump drainage system and
make appropriate reccmmendations.

Navigation Facilities

13. Study the existing boat traffic during the wet and dry seasons in
khals, major streams and rivers plying within the project area, serving the
growth centers with special reference to markets, inter connecting the feeder
roads and national road network.

Fisheries Development

14, Study the existing fisheries in floodplains, beels and ponds.
Determine the reduction in area which may result from polder development.
Study the possibility of incorporating design in the hydraulic structures tc



reduce any such adverse effect on the floodplain fisheries and detail the
operation of these structures; provide guidelines for intemsifying existing
fisheries and develecping new ones to compensate for unavoidable losses and
fully develop the fisheries potential in the area.

Ln

Assess the land acquisition requirements. Interview land owners and
oczl leaders to identify potential problems and suggest feasible solutionms.

(SR

Development Suppert Communications

18, Study the institutions and facilities available in the-project arez
for development support communications, viz., BWDB f£ield staff capability, KSS
and other farmers organization, Union Council and Upazila staff, Deputy
Commissioner staff and agricultural support services (extension, research,
credir, marketing, input supply) and make proposals for the effective
participation of loczl organizations in the proposed development program for
the Region.
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Wwarer Control Structures

fa) list the str-uctures

required as in the example format belaow:
Identi- Type Describe Why the Structures are
fying of Heedad
Humber Structure
i Regulator To prevent river flood from entering protected
area through drainage channel, and to drain
excess water form the area when necessary.
2 Culvert Drainage channel must be enlarged; the present

culvert is too small and backs up water, etc.

(b) prepare a single line drawing for each structure in the list above.
Show dimensions of opering or important features of structure.
Indicate the top elevation, floor elevation, length, width, etc.
Attach a standard drawing;

(c) prepare hydraulic calculations for structures;

(d) for a pumping plant, indicate the number, size and type of pumps.
Show calculations to substantiate the size and number of pumps.
Evaluate and compare diesel and electric power alternatives;

(e} show the cost of each structure and total cost of structures in the
scheme, using the same identifying number as in the list above;

(£) show -he typical cross-section of each existing embankment as
designed and built, and for each new embankment to be constructed.
Show the elevation of embankment and flood: levels (annual and 20-
year probability) and describe the present condition of the embank-
ment; estimate quantity .of earthwork for new construction required;

(g) show the typical cross-sectioms of each drainage channel as
designed, built, to be re-excavated and/or for new excavation. Give
bed levels. Show the hydraulic computation for the amount of water
required to be removed and the capacity of the drainage channel and
describe its present condition; estimate the quantity of earthwork;

(h) for existing earthworks, indicate the status of completion and
calculate the guantity of earthwork required to improve them to an
acceptable standard and to proper elevation (with drawings of new
cross-sections);

(i) indicate the elevation cf top of embankment at every two miles along
the length. Indicate minimum freeboard above normal (annual) flood
level.
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Cost Estimates

i Estimate capital costs by construction year along the lines of
components which would generally follow the undermentioned guidelines:

L. Preconstruction Activities
d Land acquisition;
195 Engineering surveys and foundation investigations;
ol Preparation of bidding documents for procurement of goods,

services and for award of civil works contracts;

Zie Civil Works

Flood Control and Drainage

a. Embankments

1) New
(2) Efsectioned
(3) Protection works

b Drainage channels

(1) Khal resectioning
(2) New
(3) Appurtenant structures:

(a) Road bridges
(b) Culverts
(c) Footbridges

(4) Hydraulic structures

(a) 1 vent regulator

(b) 2 vents regulator

{(c] ete.

(d) Flushing sluice

(e) Contingency for additional regulators to be decided
at detailed engineering phase

(£) Navigation locks

Irrigation Development

(1) Primary pump stations;

(2} Inlet and outlet canals;

(3) Main canal;

(4) Secondary canal;

(5) Canal structures, siphons, flumes, bridges, turmnouts,
(25 o 2

(6) Outlets in flood embankment for low lift pumps utiliza-
tion.
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Access Roads lleeded for Construction and O&M

(1) New roads -paved, brick soling, bitumen;

(2) Improvement of existing roads - earthwork, paved, brick
soling, bitumen; :

(3) Embankment paving - brick soling, bitumen;

(4) Road bridges, culverts.

3. Fisheries Infrastructure

b, FProcurement of equipment and vehicles
S. Support Services

6. Studies

T Technical assistance and training

8. Engineering and administration

9 Operation and maintenance during the construction period and
after project facilities become operational.

Cost Recavery

18 Prepare a program and procedures for recovery of 0&M costs, making
use of procedures developed under the BWDB System Rehabilitation Project.

Project Management

19. Prepare a proposal for project management during the construction
period and after projects become operational.

Production

(a) Cropping Pattern, Yields and Production:

Without Project

Crops Area Yield Total Production
(ha) (Kg/ha) (Tons)

BRS gmmm e e W DR SRV WEE & & DR Sell e s e
AWALL., 000 smmsemn umie siee sume s s 5 8 88088 e eiem e v
BEHEG! 0000 s e e mve svews a0 SNVe SieeM@e 0 SIBGee wie el wiaKeis e
T BErm 0 SRR eem aen R saena & SeeE e 5y 6 s
WHEEE  wem e w s siens sisie suens w smas 85 e mmmens siee seecs sieum o
SUGATECANG  meow e alg ST BaT Wt s s W s E0e s ersls @ wisie sies s
Other Crops
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Yields shall be considered on a "normal year", flood year"” and
"average year" basis. Cropped areas shall be subdivided into
irrigated and non-irrigated areas. '

With Project (same format as Without Project).

(b) Cropping Intensities

Without Project..:esvesosisess 5
With Projetteee sams som viss v v s -

'c) Fisheries Production (with and without Project)

(d) Livestock Production (with and without Project)

Describe potential for change in cropping pattern, yields and
cropping intensities resulting from the project. The major
agricultural production constraints would be identified, the extent
of the impact of such constraints would be quantified and cost of
production will be estimated. Constraints to intensification/
diversification shall be identified and suggestions made as to how
they can be addressed.

Farm Budgets

20. Prepare farm models for representative farm types, including tenants
and/or share-croppz2rs and analyze the financial benefits of the project and
their distribution between different classes of beneficiaries. Estimate the
potential for cost recovery and calculate levels of cost recovery consistent
with farmers capacity to pay.

Economic Analysis

21 Estimate project net economic benefits and rates of return on the
investments.

Employment
22 Analyze the expected impact of the project on employment in the

project area, considering male, female and landless employment.

IV. BWDB's Responsibility

23. The consultants shall work with the Planning Schemes Unit headed by
a Superintending Engineer (SE) under the Chief Engineer (CE) Planning. The
specialized departments of BWDB shall assist the Project Team as required,
particularly with regard to the hydrological, morphological and foundation
aspects of the study. BWDB's Central Designs Organization shall provide
guidance in the design of major structures as required.
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24, The SE shall ensure that the objectives of the study as detailed in
the TOR would be achieved within the agreed time schedule and that the
contents of the report are acceptable to GOB. He would, in the context of the
TOR, direct the planning process and work programming, supervise the execution
of the study and monitor progress according to the set objectives. He would
have regular meetings with the BWDB professional staff and the consultants to
discuss technical and project management issues. Any unresolved issue,
technical or otherwise, should be taken up with BWDB's senior staff (Chief
Engineer Planning, Chief Engineer Designs, Director General of River Research
Institute, Chief Engineer Hydrology etc.) or other GOB agencies as required.

25)s BWDB shall make arrangements for SE's staff and the consultants to
meet concerned GOB agencies in Dhaka and the project area to enable these
agencies to be aware of the objectives of projects and be involved from the
inception in adapting it to their needs, particularly in relatiom to such
matters as extension, research, pump irrigation, input supply, credit, farmers
organization, land acquisition, fisheries infrastructure, domestic water
supply, environmental impact etc.

26. BWDB shall provide the following data, services and facilities:

(a) all hydrological, morphological, meteorological data and records or
river stages;

(b) contour maps, mouza maps, aerial photographs, previous reports on
surface and groundwater development of the project area;

(c) results of mathematical modelling studies;

(d) standard design manuals and type plans for hydraulic land other
civil engineering structures and buildings; and

(e) transport vehicles, office and drawing equipment, including
computers all of which to be procured through the Executing Agency
using project funds.

27 The Consultant's contract shall include, in addition to funding for
consultacny services, provision for funding the following items to be financed
through UNDP contribution

(a) additional topographical surveys, foundation investigations and
hydrological data collection needed for the prefeasibility,
feasibility and detailed designs for the first year's construction
program. These works shall be undertaken through contract according
to IBRLC procurement guidelines;

(b) adequate office space to accommodate Consultant and BWDB staff;

(c) support staff including administrative and financial staff needed
for the effective delivery of the consultancy services; and
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(d) operation and maintenance of the office, including operationof
transport vehicles, office equipment, stationery, printing reproduc-
tion, and utilities.

V. TIME SCHEDULE

28. The study period is estimated at 9 months for preparation ot the
regional plan and 24 months for the feasibility study. - This is a tentative
schedule which consultants should feel free to change while preparing their
proposals to ensure that they can produce an effective regional development
plan and an adequate feasibility study.

Operation or Event Responsibility Date

Project start-up Consultants Sept. 90

Inception Report Consultants/ Oct. 90

BWDB

Prefeasibility Study Consultant/ July 91

(Development Plan) BWDB

Benchmark Surveys for Consultant/ Oct. 91

proposed project(s) BWDB

Feasibility Study Consultant/ Sept.: 92
Report EWDB

VI. DURATION OF CONSULTANCY SERVICES AND COMPOSITION OF TEAM

29. Based on the above schedule the consultancy will commence about
January 1990 and end about September 30, 1992, giving a duration of 33 months.
It is estimated that 345 man-months of specialist input will be required, of
which 95 man-months would be internationally recruited specialists and 250
man-months of local specialists. In addition, the consultant would provide
junior planning and design engineers, surveyors, draftsman, field staff for
the socio-economic survey, benchmark survey, fisheries and navigation studies.
The following composition is provided as a guide and the invited firms are
free to suggest variations:
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Internationally Recruited Specialist Man-Months
Senior Planning Engineer (Team Leader) 33
Senior Design Engineer - 9
Senior Hydraulics Engineer - 5
Senior River Training and Dredging Specialist - 3
Senior Mechanical Engineer - 3
Senior‘'Economist - 15

Senior Irrigation Engineer - 9
Senior Coastal Engineering Specialist - 2
Senior Agronomist - 6
Environmental Specialist 4
Short Term Specialist 6
Total: 95

Local Professionals

Senior Water Resources Engineer
Planning Engineer

Senior Hydraulic Engineer
Senior Design Engineer

Senior Irrigation/Drainage Engi
& River Training Specialist
Senior Hydrologist

Senior Agronomist

Senior Agriculture Economist
Soils Specialist

Economist

Fisheries Specialist
Environmental Specialist
Mechanical Engineer
Socio-Economist

Hydro-Geologist

Unallocated

Total:

VII. REPOR

Man-Months

33
18
18
40
neer
34
12
20
12

TING REQUIREMENTS

30. The prefeasibility and fea
outlines given in the FAC/IBRD coope
the Preparation of Feasibility Studi
report outline shall be agreed with

shall be a comprehensive document an

sibility report shall generally follow the
rative program publication "Guidelines for
es" published in December 1970. The

the World Bank. The feasibility report

d shall determine that the project isis

- in conformity with the country's development objectives and

immediate priorities;
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- technically sound, and the best of the available alternatives under
existing technical and other constraints;

= administratively workable; and
- economically, financially, socially and institutionally viable.

25 The Cunsultzng firm shall work directly with BWDE professionals and
keep the SE informed of the progress and problems. They will prepare discus-
sion papers for weekly (or as needed) meetings to be conducted by the SE and
monthly meetings by Chief Engineer Planning. In particular, they will submit
to the World Bank for subsequent transmittal to GOB and UNDP:

(a) an inception report in 20 copies. This report, which should be
submitted within 6 weeks after the contract award, will include the
work plan, along with detailed task specific manpower allocation
budget for the whole project team, the program for surveys,
investigations and hydrological data collection needed for the
prefeasibility study and actions taken and progress on these
activities during the first 6 weeks. The inception report should
also include the program for the feasibility study and the detailed
engineering documents. Staffing requirements, transport, office
accommodation and other relevant matters should also be discussed;

(b) quarterly progress report in 20 copies. These reports should be
utilized by consultants to inform the World Bank, GOB and UNDP on
progress, outstanding issues and to suggest solutions to any
problems facing them in their work;

(c) the draft final reports in 20 copies for the prefeasibility and the
feasibility study; and

(d) final reports in 30 copies within 2 weeks after the tripartite
meeting is convened to discuss the draft reports.

VIII. PROFILE OF SPECIALISTS

Team Leader and Deputy Team Leader

32 They should possess as 2 minimum a degree in civil engineering with
broad experience in water resources planning and as a team leader in the
preparation of feasibility studies for flood control, drainage and irrigation
projects in countries with similar conditions as Bangladesh. Experience in
regional planning is required along with significant past involvement in
assessment of land and water resources for the integrated development of
crops, livestock and fish production. He should also be fully literate about
streamflow simulation and computer assisted water resources planning. The
Team Leader will be nominated with the concurrence of all the members of the
consortium.
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Senior Design Engineer

33. He shall have a degree in civil engineering with substantive
experience in the design and construction of hydraulic structures, embank-
ments, including pump stations, navigation locks, etc. "He should have at
least 5 years of such experience in developing countries, preferably
Bangladesh.

Senior Hydraulic Engineer

34. He shall have a degree in civil engineering. He should be a
specialist in modelling of river basins including surface water and sedimenta-
tion. In addition, he should be able to advise and assist in the design of
physical models if required to be conducted in BWDB's River Research
Laboratory. His experience should include planning of river basins,
preferably under conditions similar to those existing in Bangladesh.

Senior River Training and Dredging Specialist

3s5. He should have broad experience in dredging and in the planning,
design and construction of river training works. His experience should
include physical and mathematical modelling for determination of protection
measures to arrest erosion of river banks, using available local resources.

Senior Mechanical Engineer

36. He should have a degree in mechanical engineering with a varied
experience of at least 12 years including at least 8 years experience in

designing controlled gates for hydraulic structures, gates for navigation
locks, etc.

Senior Coastal Engineering Specialist

37 " He should possess a-degree in engineering with proven experience in
coastal engineering works. He should understand the application and develop-
ment of mathematical and physical models to assist inm the hydraulic design of
coastal works.

Senior Economist

38. He shall passess at least a master degree in economics or
agricultural economics. He should have broad experience in collection,
computation, analysis and evaluation of socio-economic data. He should have
had experience as a lead member in the preparation of feasibility reports.

Senior Agronomist

39. He shall possess a degree in agriculture, with broad experience in
irrigated agriculture. He should have proven experience in planning effective
water management program for the conditions prevailing in Bangladesh. He
should have had experience as a lead member in the preparation of feasibility

reparts.
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40. Environment Specialist. He should possess at least a Master's
degree in environmental/natural science, with over 10 years experience in
countries with similar conditions 2s Bangladesh where vulnerability to natural
rochemicals, resettlement of displaced persons,
actoers.

disasters, pollutiocn due to 2g
landlessness, etc. are major f

Senior Water Resources Engineer

41, He should possess a degree in civil engineering and broad experience
in planning, design and construction of flood control, drainage and irrigation
facilities. he should have had experience in the preparation of feasibility
reports and should have past experience in the management of multi-
disciplinary teams.

Senior Construction Engineer

42. He shall possess a degree in civil engineering with wide experience
in construction, operation and maintenance of flood control, drainage and
irrigation facilities. His experience on similar types of projects should
enable him to identify the constraints in project implementation both in
procedural matters and 'at the construction sites. He should be able to detail
the implementation problems and suggest solutions. He, together with the team
leader, should be able to detail the O&M requirements and work out realistic
budgets.

Senior Hydrologist

43, He shall possess a post-graduate degree in civil engineering and
have experience in surface water hydrology with basic knowledge in
groundwater. He should be proficient in computation and analysis of
hydrological data to assist the planning and design engineer in formulation
project planning and design works.

L. Environmental Specialist. He should possess at least a Master's
degree in environmental or natural science/ecology/biclogy and a minimum of 5
years experience in environmental studies or an individual consultant or as a
staff of a consulting firm/university specialized in conducting environmental
studies.




1.

257D

Attachment 4
Page 1 of 3

Local Participation
(Detailed Guidelines for the Study Team)

The consultants are expected to identify methodologies and means for

ensuring meanidgful local participation in the preparation of the Regional
Plan and design of associated investment programs.

2.

The consultants will require the services of at least two social

scientists and necessary support services:

(a)

(b)

(a)

(b)

a national social scientist, familiar with the methods of analysis
of the social structure of communities in Bangladesh, trained in
rural development and in field implementation strategies,.and fully
familiar with the socio-economic complexities of the project area;

an internationally recruited social scientist with expertise in the
participatory approach, who will be capable of identifying any
lacunae in the information gathered and in the methodology
identified for promoting local participation.

The consultants are expected to:

undertake a thorough study of the society and communities in the
area.

The content of the study should include a description of the
characteristics of the different social strata, their social and

_cultural prerogatives, their control of the resources necessary for

project implementation, and how they interact within the project
area. It should include an analysis of the modes of existing
community participation (under what circumstances does it occur, for
what types of activities, who are the actors, their roles and so
forth).

owing to the complexity of women”s status in Bangladesh, to their
relative lack of viability, and to their vulnerability to the
negative effects of technological change; the study should pay
special attention to the analysis of their roles in the project
areas and to the identification of the resources required to promote
their full participation in the project from its inception.

Women's roles in the division of labor, and the manner in which they
may be affected directly and indirectly by the project should be
explored in detail. As such the study should identify the women in
their different social categories, their spheres of activities,
their roles in the various units of production, and the areas in
which they have authority and decision making power. This analysis
should be applied to women's roles in all strata of the society.
(The objective is to avoid the portrayal of women as a single group
to which inappropriately uniform metheds of eljciting participation
are applied.) '
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undertake a social soundness analysis to identify the effects o the
project on the different segments of the communities.

A social soundness analysis, which usually completes the socio-
economic study, provides the —zczic for identifying the specific
interests of the different segments of the communitizs in the
proposed intervention. It will show whc the winners and losers are
what is at stzke in each case, and therefore the motivation to
promote; block or ignore the project.

conduct & test for motivation amongst the different segments of the
population "in the project area.

One of the most useful tools for defining the methods of eliciting
local participation is the test for motivation. It should follow
the social soundness analysis and corroborate the findings therein.
Because of the nature of the information sought, an accurate test
for motivation requires a well thought out design based on the
social structure and the values of the communities in question. As
such it will disclose the extent to which people are informed about
the proposed project, their eagernmess to achieve the goals
envisioned by the project, their objections to it and so forth. The
test will provide the first clues as to what should be done to
promote local participation.

define the minimum resources required for project participation and
how they are distributed among the potential participants.

At any .evel of implementation, participation requires of the
population a minimum emount of resources. Thus participation in
this project will require the investment of land, labor, time,

‘skills, and so forth. It is important to define the minimum

resource base required for participation and which segments of the
population do or do not have it.

Identify the decision makers in the communities and associate them
to the process of the definition of how the members of tne '
comnunities should participate in project implementation.

Participation, if it is to be effective, should occur at all stages
of the project from its definition to the final evaluation. It
should occur within the boundaries of socially acceptable behavior
and not contribute to the existent antagonisms in any community.
Thus the study should provide the basis for the identificatiopn of
those who play the determinant role of decision makers in each area
(of production, allocation of land, allocation of labor,
distribution of goods and so forth) that will be affected by the
project. It is these decision makers that should be associated to
the process of defining the who, how, where, and why of
participation. Involving the decision makers will help to insure
that ,they do not block participation of those who they influence,
especially women,
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It is also important that potential participants define the manner
in which they believe they should participate. It will be on this
basis that the level of participation will be evaluated in the
future; during the implementation phase. Thus the different
segments of the population will participate in the definition of
needs, the identification of blocks to, and of the types of
participation appropriate to the resources of which they dispose.

Appraise the national resources available to guarantee minimum
levels of local participation in the project, and subsequently
analyze the amount and types of resources which the project must
bring to the area to promote local participation.

Setting the stage for participation requires an active feed back and
information structure as well as the organization of groups and

cooperatives. This is crucial in eliciting the participation of
certain segments of the population which are not visible and who
have a limited sphere of activity and authority. (This is usually

the case of women and the poor.) Thus one of the tasks of the study
team will be to identify the structures available nationally and
locally for disseminating information, obtaining feedback, fostering
the creation of groups and monitoring participation. As such the
study should identify NGO's, local associations and so forth, their
location, their resources (human and other) and their expertise in
the participatory approach. These organizations should function as
the implementators of the participatory program at least at the
inception of the project.
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The various Engineering aspects are:

(a2) Inventorying the existing infrastructure, such as embankments,
regulators, water control structures, irrigation-inlets and comments
on their operative condition. The structures shall be located on a
plan;

(b) minor irrigation equipment (STW, DTW and LLP) fielded and the areas
actuale commanded under each type of equipment

(c) the preparation of a plan indicating the shallow, medium and deeply
flooded areas for normal annual floods and above normal floods
experienced over the last 10 years;

(d) information on present flooding conditions including overbank spill
(average and maximum height above bank level), discharge through in-
operative or non-existent regulators of khals, damage due to
£flooding, the level of existing embankments (average), breaches or
reaches of embankment not yet constructed and structured to be
completed;

(e) the road network, accessibility condition during the wet and dry
season (usability by car, four-wheeled drive, rickshaw, bicycle and

pedestrains). Condition of the bridges, culverts, foot bridges.
The plan prepared for item (a) above should include the road
network;

(£) assessment of damages to educational buildings, markets and
homesteads caused by normal annual floods and above normal floods.
The report should include years of abnormal floods, height and dura-
tion; and

(g) assessment of cost of relief work needed for rehabilitation of
roads, resectioning of embankments, desilting of khals, ‘etc.
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Aqro-Socio-Econumic Aspects

3 ; Data would have to be collected through sample surveys. These
surveys would include information on representative farms in different flood
zones on cropping patterms, yields, cultivation practices, production, employ-
ment, cost of production income levels for various classes of project
beneficiaries. This information would serve as a basis for an assessment of
the present agricultural and socio-economic conditionms and of agricultural
potentialities in the project area. The surveys would also seek information
on marketing channels used by various categories of farmers, characteristics
of the local population (family size, family labor), land tenure system, land
fragmentation, relative importance of crops, livestock and fisheries
activities as a source of income/subsistence, local inmstitutions serving agri-
culture and their effectiveness, the extent of development of rural
infrastructure, and the quality of soils. The following approach to data
collection is provided by way of example:

(a) total number of village in the project area is stratified, for
example, on the basis of populationm, predominant topography, land
tenure system;

(b) a weighted sample of 10I of villages would be selected by random
sampling method without replacement;

(c) a sample of 25 of the household in each selected village would De
chosen by random sampling; and

(d) the modes of participation by beneficiaries including landless and
women in planning, construction and O&M.
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South East Regional Study
Proposed Amendments to TOR

Page 5 of 20

Add to paragraph 10(f) the following:

iv) The final Regional Plan will incorporate upgraded proposals for development of a
Dakatia/Little Feni project using available data. The approach to the treatment of local
sediment and drainage problems in the headwater areas of the catchments will be empirical
with different assumptions being made to assess the sensitivity of the development scenarios to
possible sediment transport/deposition situations. Recommeadations will be made for the
formulation of draft Terms of Reference for follow up studies and suggestions presented for
the establishment of a sediment and hydrometric gauging programme by the BWDB/Surface
Water Modelling Centre or.other appropriate agency.

Page 6 Para 11 - Feasibility Studies

The overall objt;.'ctivc of the feasibility study is to examine in detail ways in which flooding and drainage problems
can be alleviated and to formulate proposals for development of the Noakhali North project area. This will also
be of relevance to both upgrading the Regional Planning Report and to future project planning studies elsewhere.

The study will involve an examimation of a range of technically feasible project options for alleviating the
problems in the Noakhali North area, inciuding non-structural and complementary flood proofing measures
where appropriate. The study will take full account of the O&M implications of the options, and will include an
assessment of their economic viability and social and environmental acceptability. The level of analysis will be

that expected of a feasibility-level study. At each stage there will be close consultation between all the disciplines
involved.

The second interim progress report will be submitted at the end of September 1992, outlining programming and
methods of study to be used and a draft feasibility study report will be submitted at the end of May 1993. The
outcome of the study will be presented in sufficient detail and in an appropriate format in order to arrive at an

investment decision to be taken by the Government of Bangladesh and external funding agencies.

The consultants are required to perform all the work necessary to attain the above objectives. Specific tasks will
include the following:

Hydraulic Studies

- Develop the hydrodynamic model for the area, based as appropriate on the SERM and using additional
survey, topographic and hydrological data as and when it comes available.

- Calibrate and verify the developed model as necessary.

B:(Politzer{A)] \Ammend Tor I 1 [Mbm 2]



. Run the model for the past 25 years data with the current geomstry to set the baseline conditions for

the comparison of the effects of project propesals. Carry out appropriate statistical analysis of results,
- Run the model f_or selected years to determine design conditions for proposed measures.
2 Run the model for 25 years historic data for proposed option or options.
Assess the impact of the proposals and impacts of possible upstream projects on the option.
- Assess the morphological, sediment and salinity implications of the proposals.

Engineering

- Carry out topographic survey for design to feasibility level of civil works and structures needed for flood
control/drainage options.

- Assess the present status of existing flood control and drainage structures including the drainage system
in the project area.

- In conjunction with other disciplines, assess the capacity for, and effectiveness in, operating and
maint#ining flood control and drainage systems, taking account of the findings of other components of

'FAP and of other current projects in particular social, institutional and financial aspects of O&M to be
fully covered. '

- In conjunction with other disciplines, identify realistic measures for flood proofing covering both
structural and non-structural components and systems for flood preparedness, including embankment

patrolling, materials stockpiles and contingency action plans for embankment repair, orderly
embankment retirement, and responses to flood forecasts.

- In conjunction with other disciplines, identify project options which are technically feasible for alleviating
flooding and drainage problems. Attention should be given to the multipie use of borrow pits and the
disposal and use of spoil. Assess the cost of works for each component, including the requirement of

land and rights of way, based on the hydrological and hydraulic studies as well as the topographic data
obtained above.

In conjunction with other disciplines, evaluate as far as possible the feasible options, taking a full

account of operation and maintenance constraints, and make recommendations where appropriate.

Prepare the design to feasibility study level of all the main engineering works for the recommended
- option or options and refine cost estimates where necessary.

Formulate an implementation programme for the recommended option or options including phased

construction and the establishment of the required operation and maintenance capacity.

B:{Poltzer{A))\Ammend.Tor
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Agriculture

2 Establish the present status of agriculture in the project area, including identification of current cropping

patterns in relation to flood depths, yields, input use, land tenure and distribution, irrigation, livestock,
agricultural institutions etc.

- Identify farmers’ current responses to [looding and their priorities for flood reduction.

- Assess likely changes in cropping patterns, yields, input use, livestock numbers etc. and timing of such
changes due to each of the project options.

- Assess the likely constraints to development e.g. seasonal labour shortages, and any supporting
programmes needed to bring about project benefits. This is to be carried out in consultation with other
specialists especially the social scientist.

Fisheries

- Assess the present status of culture fisheries in the project area, including existing management systems,
with special reference to any bezcZtc or disbenefits from FCD and constraints to further development

such as technology transfer, availability of credit and pond ownership problems.

- Assess'the present status of the capture fisheries, including existing management systems, both inside
the project area, e.g. in khals, beels and other internal waters, and outside in the adjacent sections of

. the Lower Meghna river., The impact of FCD to data on all these fish stocks and the dependent fishing
communities is of particular concern.

- Assess the project options in the light of experience, i.e. FAP 12 evaluations of past FCD projects and
conclusions from earlier FAP 5 studies in order to determine the likely beneficial and or adverse
consequences for fisheries within and in the vicinity of the project area.

= After consultation with local informed opinion, prepare fisheries options for the area aimed at mitigating
ﬁ prep P g

any identified negative consequences and optimising the beneficial effects of the different project options
on the fisheries sector.

Environmental Impact Analysis

- Carry out necessary field work and survey to create an environmental database for the EIA. It is
acknowledged that, in certain areas such as aquatic ecology, data collected during the feasibility studies
will be limited owing to the duration of the studies.

- Carry out detailed analyses of probable beneficial and adverse impacts which the project options will
have on the environment. These will include a comparison of the impacts of the dilferent options. The
analyses will focus on both direct and indirect impacts. Where these impacts would be adverse or would

involve irretrievable commitment of resources, they will be so indicated. :
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Identify and recommend the possible means of environmental safeguard, minimising detrimental impacts,
enhancing beneficial impacts and suggest practical solutions to environmental problems which might

arise as a result of project implementation.

Prepare a holistic, multidisciplinary ELA which embraces all important aspects of the physical, social,
economic, and ecological interactions in the living and non-living environment. The depth of analyses
and length of description of sach environmental resource should be commensurate with the magnitude

of the probable impact on that resource.

Social Impact Studies

- In conjunction with. other disciplines, identify a range of project options potentially acceptable 1n the

study area. Define the criteria by which "acceptability” is judged.

Make a detailed examination of household economies and survival strategies in relation to local social,

ecological and institutional factors. Experiences of and responses to floods should be assessed within this
framework.

- Define within the context of the study, the role and importance of the household as a unit of social

analysis, paying attention to gender differentials. Describe and-analyze, where appropriate, alternative

social’institutions which are influential.

Review the findings of other studies on social organisations and institutions in the study area in order

to analyse what exists. “Prescribe the steps necessary for developing new social institutions capable of

engaging in selection, design, operation and maintenance of structural and non-structural options and
make recommendations on how to involve disadvantaged groups in these. In doing, so, the following

issues should be examined in conjunction with other disciplines, including the institutional specialist:

- role of social groups in mitigation planning.

local institutional resources available to provide assistance to disadvantaged categories of people
affected by the project options.

- identification of rehabilitation packages for those losing land and livelihood.
- role of local government and NGOs in the area.

- organisation and operation of relevant local social groups which could be involved in project
construction and maintenance works.

- opportunities for targeting women and children.
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In copjunction with other disciplines, undertake a process of consultation, the aim of which should be

to allow local people’s views to be incorporated into the development of options and the determination
of preferences.

Assemble and test, where possible, a fully documented methodological approach, to participatory
planning for use during the later design stages and project implementation. Where the study identifies

that it will be necessary to be prescriptive, a fully documented account of objectives and methods will
be required.

Identify and analyse social institutions which may be mobilised to resolve conflict arising from different
options, particularly those arising from modified land or common property access. FPropose
institutionalised forms of appeal, challenge and resolution to be used when disputes arise.

Economic Appraisal/Project Planning

Examine and attempt to quantify non-agricultural benefits, for example reduction in flood damage to

infrastructure, increased availability of land for housing, increased mobility along embankments etc. for
each of the project options.

In comjunction with other disciplines, discuss alternative project concepts (including non-structural

“measures) and identify project need with relevant Government agencies and NGOs.

In conjunction with other disciplines, liaise with other FAP studies to ensure that results of relevance

from those studies are taken intc account in the project preparation.

Carry out economic and financial appraisal of the project options, including, where possible,
quantification of social and environmental effects and appraisal of components to mitigate adverse
impacts on the environment, particularly fisheries.

In conjunction with other disciplines, make recommendations concerning the preferred option or
options, where appropriate.

Revise the economic and financial appraisal of the recommended option or options.

Prepare full details of financing requirements for construction and O&M. Cost recovery options should
be investigated in conjunction with FAP-13.

Pages 8 and 9

Delete the existing sections and substitute as follows:

(€)
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(N gdetermine the capacity of main drainage chanaels.

; make adequate provision for new or improved secondary drainage channels with due consideraton given
(8 1 P I ) g g

to the needs of irrigation requirements where LLPs are to be utilised,

Dieiete the first sentence 2nd replace as follows:

Yields shall take into account the variations from year to year resulting from floods and the
method of calculation shall be clearly set out.

Page 15 para 27(a)

Delete the words "foundation investigations” and in the last sentence change "shall” to "may”.

Page 16

Sections V, VI and VII to be replaced as follows:

V. Time Schedule

28. The study period is estimated at 33 months for preparation of the regional plan and the feasibility study.
The outline programme for studies is as follows:

Operation or Event Responsibility Date

Project start-up Consultants November 1990
Inception Report Consultant/BWDB February 1991
Draft Regional Plan Consultant/BWDB  January 1992

Draft Feasibility
Study Report Consultant/BWDB May 1993

Final Regional Plan
and Feasibility Study
Report Consultant/BWDB July 1993

B:(Polirzer{A)) \Ammend.Tor 6 [August 73]



00

v

V1. Duration of Consultancy Services and Composition of Team

29, Based on the above schedule the consultancy will commence about November 1990 and end about July
31, 1993 giving a duration of 33 months. It is estimated that 338 man-months of specialist input will be required,
of which 103 man-months would be internationally recruited specialists and 235 man-months of local specialists.
la addition, the consultant would provide field staff for the socig-economic surv;.:y, benchmark survey, fisheries
and navigation studies. The composition of the team will be that agreed between the Bank and the consultants

as attached to the contract in Appendices B and C and taking into account the profiles given in section VIII of
these terms of reference.

VII. Reporting Requirements

30. The prefeasibility and feasibility report shall generally follow the outlines given in the FAO/IBRD
cooperative programme publication "Guidelines for the Preparation of Feasibility Studies” published in December

1970. The report outline shall be agreed with the World Bank. The feasibility report shall be a comprehensive
document and shall determine that the project is:

- in conformity with the country’s development objectives and immediate priorities;

technically sound and the best of the available alternatives under existing technical and other
constraints;

- administratively workable; and

- economically, financially, socially, environmentally and institutionally viable.

3L The Coasulting firm shall work directly with BWDB professionals and keep the SE informed of the
progress and problems. They will-prepare discussion paper for weekly (or as needed) meetings to be conducted

by the SE and monthly meetings by Chief Engineer Planning. In particular, they will submit to the World Baok
for subsequent transmittal to GOB and UNDP:

(a) an inception report in 20 copies. This report will include the work plan, along with detailed
task specific manpower allocation budget for the whole project team, the program for surveys,
investigations and hydrological data collection needed for the prefeasibility study and actions
taken and progress to date on these activities. The inception report should also include the
program for the feasibility study and the detailed engineering documents.  Staffing

requirements, transport, officc accommodation and other relevant matters should also be
discussed.

(b) quarterly progress report in 20 copies. These reports should be utilized by consultants to
inform the World Bank, GOB and UNDP on progress, outstanding issues and to suggest

solutions to any problems facing them in their work;
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(d)

(e)

Page 20

the draft final reports in 20 copies for the regional plan in January 1992 and the [easibility study

in May 1993.
final feasibility report in 30 copies within 2 weeks after the tripartite meeting is convened to
discuss the draft reports or within two months of submittal of the draft report whichever is

earlier.

final Regional Plan Report in July 1993.

Amend heading of paragraph 40 to read "Environmental Specalist (International)”.

Amend heading of paragraph 44 to read "Environmental Specialist (Local)".
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ii) Amendments (1992/93)
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ATTACHMENT NUMBER ONE

ARTICLE I1I : Costs and Payments

Section 3.01 line 6 the amount of ‘JS52.002.000" shall be deleted and replaced by
“USS$2.245,184

APPENDIX A : Terms of Reference
II Terms of Reference
Clause 10, page 5 of 20, add after 10 (iii)

"vi)The final Regional Plan will incorporate upgraded proposals for development of a
Dakatia/Little Feni project using available data. The approach to the treatment of local
sediment and drainage problems in the headwater areas of the catchments will be
empirical with different assumptions being made to assess the sensitivity of the
development scenarios to possible sediment transport /deposition situations. Draft Terms
of Reference for follow up studies will be prepared and also suggestions presented for
a programme Of sediment and hydrometric gauging to be undertaken by the
BWDB/Surface Water Modelling Centre or other appropriate agency".

Clause 11, Page 6 of 20, delete whole Clause and replace by:

"Feasibility Study. The overall objective of the feasibility study is to examine in
detail ways in which flooding and drainage problems of the Noakhali North
project area can be alleviated and to formulate proposals for development. This
will also be of relevance to both upgrading the Regional Planning Report and to
future project planning studies elsewhere.

The study will involve the examination of a range of technically feasible options
for alleviating the problems in the area. including non-strucrural and
complementary flood-proofing measures, where appropriate. The study wiil take
ful] account of the O&M implications, and will include an assessment of economic
viability and social and environmental acceptability. The level of analysis will be
appropriate to feasibility-level study. At each stage, there will be close
coordination between all the various disciplines involved.

The Second Interim Progress Report will be submitted at the end of September,
1992. This will outline the programme and methods to be adopted. A draft
feasibility study will be submitted at the end of May 1993. The outcome of the
study will be presented in sufficient detail to enable investment decisions t0 be
taken by the Government and external funding agencies. ’
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a)

The Consultants are required to pertorm the work necessary to attain the above
objectives and specific tusks ure described below.

Hydraulic Studies

1) Develop the hvdrodynamic model for the area. based. as appropriate, on
the SERM and using additional survey, topographic and hydrological data
as and when it comes available.

ii) Calibrate and verify the developed model as necessary.

iii) Run the model for the past 25 years data with the current geometry to set
the baseline conditions for ‘the comparison of the effects of project
proposals. Carry out appropriate statistical analysis of results.

iv) Run the model for selected years to determine design conditions for
proposed measures.

V) Run the model for 23 years historic data for proposed cption or options.

vi) Assess the impact of the proposals and impacts of possible upstream
projects on the option.

vii)  Assess the morphological, sediment and salinity implications of the
proposals.

Engineering

1) Carry out topographic survey for design to feasibility level of civil works
and structures needed for flood control/drainage options.

i) Assess the present status of existing flood control and drainage structures
including the drainage system in the project area.

ii1) In conjunction with other disciplines, assess the capacity for, and
effectiveness in, operating and maintaining flood control and drainage
systems, taking account of the findings of other components of FAP and
of other current projects in particular social, institutional and financial
aspects of O&M to be fully covered.

iv)  In conjunction with other disciplines, identify realistic measures for flood

proofing covering both structural and non-structural components’ and
systems for flood preparedness, including embankment patrolling, materials
stockpiles and contingency action plans for embankment Tepair, orderly
embankment retirement and responses to flood forecasts.



c;';

d)

e -

v) [n conjunction with other disciplines. identify project options which are
technically feasible for ulleviating tlooding and drainage problems.
Arteation should be given to the multiple use of borrow pits and the
disposal and use of spoil. Assess the cost of works for each component,
including the requirement of land and rights of way, based on the
hvdrological and hydraulic studies as well as the topographic data obtained
above.

vi) [n conjunction with other disciplines, evaluate as far as possible the
feasible options. taking a full account of operation and maintenance
constraints, and make recommendations where appropriate.

vii)  Prepare the design to feasibility study level of all the main engineering
works for the recommended option or options and refine cost esumates
where necessary.

viii) Formulate an implementation programme for the recommended option or
options inciuding phased construction and the establishment of the
required operation and maintenance capacity.

Agriculture

i) Establish the present status of agriculture in the project area, including
identification of current cropping patterns in relation to flood depths,
yields, input use, land tenure and distribution. irrigation, livestock,
agricultural institutions etc.

iL) [dentify farmer’s current responses to flooding and their priorities for flood
reduction.

ii1) Assess the likely changes in cropping patterns, yields, input use, livestock
qumbers etc. and timing of such changes due to each of the project
options.

iv) Assess the likely constraints to development e.g. seasonal labour shortages,
and any supporting programmes nesded to bring about project benefits.
This is to be carried out in consultation with other specialists especially the
social scientist.

Fisheries

y) Assess the present status of culture fisheries in rhe project area. including
management systems, with special reference to any benefits or disbenefits
from FCD and constraints to further development such ‘as technology
transfer, availability of credit and pond ownership problems.



i)

i)

iv)

Assess the present status of the cupture risheries. including existing
management svstams. both inside the project area. e.y. in Khals. beels and
other internal waters. and outside in the adjacent sections of the Lower
Meghna river. The impuct of FCD to date on all these tish stocks and the
dependent fishing communities is of partcular concern.

Assess the project options in the light of experience, i.e. FAP:12
evaluations of past FCD grojsets and conclusions from eariier. FAP:5
studies in order to determine the likely beneficial and or adverse
consequences for fisheries within and in the vicinity of the project area.

After consultation with local informed opinion. prepare fisheries options
for the area aimed at mitigating any identified negative consequences and
optimising the beneficial effects of the different project options on the
fisheries sector.

Environmental Impact Analysis

iil)

Carry out necessary field work and survey to create an environmental
database for the EIA. It is acknowledged that, in certain areas such as
aquatic ecology, data collected during the feasibility studies will be limited
owing to the duration of the studies.

Carry out detailed analyses of probable beneficial and adverse impacts
which the project options will have on the environment. These will include
a comparison of the impacts of the different options. The analyses will
focus on both direct and indirect impacts. Where these impacts would be
adverse or would involve irretrievable commitment of resources, they will
be so indicated.

Identify and recommend the possible means of environmental safeguard,
minimising detrimental impacts. enhancing beneficial impacts and suggest
practical solutions to environmental problems which might arise as a result
of project implementation.

Prepare a holistic, multidisciplinary EIA which embraces all important
aspects of the physical. social, economic, and ecological interactions in the
living and non-living environment. The depth of analyses and length of
description of each environmental resource should be commensurate with
the magnitude of the probable impact of that resource.

Social Impact Studies

)

In conjunction with other disciplines, identfy a range of project options
potentially acceptable in the swudy area. Define the criteria by which
"acceptability" is judged.



i)

1)

iv)
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Viake a detailed examination ot household economies and survival
strategies in relation to local social. ecological and institutional facrors.

Experiences ot and responses (o floods should be assessed within this
framework.

Define within the context of the study, the role and importance ot the
household as a unit of social analysis, paving attention to gender
differentials. Describe and analyze, where appropriate. alternative social
institutions which are influential.

Review the findings of other studies on social organisations and institutions
in the study area in order to analyses what exists. Prescribe the steps
necessary for developing new social institutions capable of engaging in
selection, design, operation and maintenance of strucrural and non-
structural options and make recommendations on how to invoive
disadvantaged groups in these. In doing, so, the following issues should be
examined in conjunction with other disciplines, including the institutional
specialist: '

E role of social groups in mitigation planning..

- local institutional resources available to provide assistance (0
disadvantaged categories of people affected by the project options.

- ‘dentification of rehabilitation packages for those losing land and
livelihood.

. role of local government and NGOs in the area.

- organisation and operation of relevant local social groups which
could be involved in project construction and maintenance Works.

- opportunities for targeting women and children.

In conjunction with other disciplines, undertake a process of consuitation,
the aim of which should be to allow local people’s views to be
incorporated into the development of options and the determination of
preferences.

Assemble and test, where possible, a fully documented methodological
approach, to participatory planning for use during the later design stages
and project implementation. Where the studyv identified that it will be
necessary to be prescriptive, a fully documented account of objectives znd
methods will be require. :

Identify and analyse social institutions which may be mobilised to resolve
conflict arising from different options, particularly those arising from
modified land or common property access. Propose institutionalised forms
of appeal, challenge and resolution to be used when disputes arise.

-
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Economic Appraisal/Project Planning

iif)

v)

Examine and atiempt to quantify non-agricultural benetits, for example
reduction in flood damage to infrastructure. increased availability of land
for housing, increased mobility along embankments etc. for each of the
project options.

In conjunction with other discipiines discuss alternative projsct conespie
(including non-structural measures) and identify project need with relevant
Government agencies and NGOs.

In conjunction with other disciplines, liaise with other FAP studies to0
ensure that results of relevance from those studies are taken into account
in the project preparation.

Carry out economic and financial appraisal of the project options,
including, where possible, quantification of social and environmental

effects and appraisal of components to mitigate adverse impacts on the
environment, particularly fisheries.

In conjunction with other disciplines, make recommendations concerning
the preferred option or options, where appropriate.

Revise the economic and financial appraisal of the recommended option
or options.

Prepare full details of financing requirements for construction of O&M.
Cost recovery options should be investigated in conjunction with FAP:13.

Important Activities

Flood Control and Drainage Improvements, pages 8 and 9 of 20, delete Clauses
(e), (f) and (g) and replace with:

"(e)

69)
(8)

determine the capacity of all major regulators for drainage and irrigation:
as appropriate”

determine the capacity of main drainage channels.

make adequate provision for new Or improved secondary drainage
channels with due consideration given to the needs of irrigation
requirements where LLPs are to be utilised.



Page |4
Delete the first sentence and replace us follows:

Vields shall take into account the variations from vear to vear resulting
from tloods and the method of calculation shall be clearly set out.

Page 135 para 27(a)

Delete the words "foundation investigations” and in the last sentence change “shall” to

may".
Page 16

Sections V, VI and VII to be replaced as follows:

VY. Time Schedule

28.  The study period is estimated at 33 months for preparation of the regional plan
and the feasibility study. The outline programme for studies is as follows:

Operation or Event Responsibility Date

Project start-up Consultants November 1990
Inception Report Consultant/BWDB February 1991
Draft Regional Plan Consultant/BWDB January 1992
Draft Feasibility Consultant/BWDB May 1993
Study Report '

Final Regional Plan Consultant/BWDB July 1993

and Feasibility Study

Report

V1. Duration of Consuitancy Services and Composition of Team

29.  Based on the above schedule the consultancy will commence about November
1990 and end about July 31, 1993 giving a duration of 33 months. It is estimated that 338
man-months of specialist input will be required. of which 103 man-months would be
internationally recruited specialists and 235 man-months of local specialisis. In addition,
the consultant would provide field staff for the socio-economic survey, benchmark survey,
fisheries and navigation studies. The composition of the team will be that agreed
between the Bank and the consuitants as attached to the contract in Appendices B and
C and taking into account the profiles given in section VIII of these terms of reference.
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VII. Reporting Requirements

30.  The prefeasibility and feasibility report shall generally follow the outlines given
in the FAO/IBRD cooperative programme publication "Guidelines for the Preparation
of Feasibility Studies" published in December 1970. The report outline shall be agreed
with the World Bank. The feasibility report shall be a comprehensive document and
shall determine that the project is:

in conformity with the country's development objectives and immediate
priorities;

- technically sound and the best of the available alternatives under existing
technical and other constraints;

- administratively workable; and

- economically, financially, socially, environmentally and institutionally
viable.

31.  The Consulting firm shall work directly with BWDB professionals and keep the
SE informed of the progress and problems. They will prepare discussion paper for
weekly (or as needed) meetings to be conducted by the SE and monthly meetings by
Chief Engineer Planning. In particular. they will submit to the World Bank for
subsequent transmittal to GOB and UNDP:

(a) an inception report in 20 copies. This report will include the work plan,
along with detailed task specific manpower allocation budget for the whole
project team, the program for surveys, investigations and hydrological data
collection needed for the prefeasibility study and actions taken and
progress to date on these activities. The inception report should alsc
include the program for the feasibility study and the detailed engineering
documents. Staffing requirements, transport, office accommodation and
other relevant matters should also be discussed.

(b)  quarterly progress report in 20 copies. These reports should be utilized by
consultants to inform the World Bank, GOB and UNDP on progress,
outstanding issues and to suggest solutions to any problems facing them in
their work;

(c)  the draft final reports in 20 copies for the regional plan in January 1992
and the feasibility study in May 1993.

(d) final feasibility report in 30 copies within 2 weeks after the tripartite
meeting is convened to discuss the draft reports or within two months of
submittal of the draft report whichever is earlier.

(e) final Regional Plan Report in July 1993.

Page 20

Amend heading of paragraph 40 to read "Environmental Specialist (International)"”.
Amend heading of paragraph 44 to read "Environmental Specialist (Local)".
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APPENDIX B: Consultants Staffing Schedule

Delete APPENDIX B and repiace with attached APPENDIX B
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ANNEX Xl
TERMS OF REFERENCE FOR FEASIBILITY STUDY
DAKATIA - LITTLE FENI TRANSFER AND DRAINAGE SCHEME

| 3 Background
1.1 Introduction

The Government of Bangladesh (GOB) aims to achieve foodgrain self-sufficiency and to maintain it. With this
objective in mind GOB undertook a South East Region Water Resources Development Programme (SERS) to
assess the resources of the region. One of the projects identified for further study in that programme was the
Dakatia/Little Feni Transfer scheme. The Southeast Regional Study presented various options which should from

the basis of this study.
The principal elements of the scheme are as follows:
- Improvement of drainage of the Sonaichari, Dakatia and Little Feni basins.

- Incremental irrigation from the Little Feni and Dakatia rivers with the potential for additional areas in

the Muhuri catchment and the castern part of the Noakhali north area.
1.2 The Project Area

The project area has the following approximate boundaries : to the north areas adjacent to the Dakatia river
north bank and its principal khal tributaries and the Meller khal, to the east the Indian border, to the south the
old coastal embankment from Muhuri to Companyganj and then north to Senbag and from there west to

Ramganj and in the west the Chandpur Irrigation Project embankment.

The project area has an extensive and intricate network of khals and natural drainage channels including major
channels such as the Dakatia and Little Feni Rivers and several important tributary channels including the
Gungiajuri, Sonaichari khals and the Pagli, Boaljuri and Kakri rivers which enter the area from the Tripura hills

in India.

Present agricultural development is constrained by flooding in the pre-monsoof amd monsoon season and

particularly in the Dakatia and Little Fens hasins by extreme shortage of water for irnigation in the latter part

T AR
DEGU Qi Ll ) 18 =

1:2.1 Justification for the Project

The project area suffers trom problems of flood and drought. During the mongsoen (May to October) high
concentration of rainfall, high sediment discharges. storm surges and tides in coastal areas create difticult
hydrological conditions and lead to silting up ot outfall channels. The main rice crops, aus and aman. that are

grown in the monsoon season. are frequently subjected to flooding to depths which severely reduce yields.
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These crops are also frequently atfected by erratic rainfall and by a late onset or early cessation of the monsoon
rains. Increase in cropping mntensity. by expanding the area of boro rice and other rabi crops during the dry
season, depends upon the provision of irrigation,

1.2.2 Present Situation

Compieted and on-voiny majoir water resources develommont covivitios o the nrojeci aea include.
picted and on-going majoir water resources develog TR he nroy 1= include

) Muhuri Irngation Project, which provides tlood control, drainage and control o1 saline intrusion to an

area of 27.000 ha and irngation to 20,000 ha, was completed in June 1986;

h) The Sonaichari irrigation project covering about 4,500 ha served both by surface and groundwater.
) The Kazirhat Regulator on the Little Feni River.
d) The Noakhali North Drainage and Irnigation Project for which a feasibility study has just been

completed (1993).

e) Completed and ongoing Food for Work schemes implemented by BWDB field divisions; mostly

involving reexcavation of khals and the desilting of the channel downstream of Kazirhat regulator,

1.3 Previous and Ongoing Studies

The results of earlier studies should be evaluated and the data base underlying them assessed The Surface Water
Simulation Model (SERM) developed under UNDP project BGD/85/045 and refined by the SERS 15 expected
to provide the analytical base tor this preparation work. The Consultants will be expected to work closely with
teams involved in the implementation of projects and studies in the Region, including the Systems Rehabilitation

Project.

2. Terms of Reference

The main output of the study will comprise a teasibility study covering the whole of the Sonaichari, Dakatia
and Little Feni catchments in Bangladesh and will also include the Muhuri Irrigation Project area for

consideration of augmentation of supplies.

Tasks relating to the feasihility study should take into account the guidelines prepared for the Flood Action Plan

Project including those for project appraisal. environmental impact and people’s participation. The tasks will

include.
() discussions/consultations with local ofticials and potential beneficianes
(d) discussions with Ministries of Agriculture, Forests, Environment, Shipping and IWT, Fisheries and

Livestock. Irrigation, Water Development and Flood Control. Planning Commission, Roads and

Highways Department, BADC. NGOS and other insututions mvolved in promoting local participation:
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(c)

(d)

(e)

f)

h)

ANNITLRIR

assessment of the data base, review of topographical surveys. hydrological and morphological data,
agro-economic and socio-economic data and assessment of ongoing surveys and data collection

activities, with particular reference to their adequacy.

using the results of the SERM and other sources of data for the SE region, obtain information needed
for determining design levels and discharge data for fixing capacities tor irrigation and environmental

drainage structures and for the design of drainage/supply khals or canals:

assessment of the extent of henefitted area, the environmental impact of the proposed project works
on the project and adjacent areas and on existing economic activities (fisheries, navigation, etc.);
including identification of possible negative effects in the project area and preparation of proposals for

possible mitigation measures:

Establish design criteria and planning concepts, prepare project layouts, feasibility level engineering

designs and drawings of relevant project components. In this respect, due consideration shall be given

to:

- the possibility to improve irrigation facilities through pumping water from the Meghna and
conveying it though an improved khal system. taking into consideration present and planned
use of Meghna waters;

- the design height of embankments and the associated risk of failure;

- the special maintenance requirements of high embankments and the increased damage in case
of failure (in particular in those areas where embankments have to be significantly raised and
where polder protection is required.

- current groundwater abstractions in the project area and the potential for further development:

and

= the need for access and service roads, necessary to construct, maintain and operate the other

project facilities:

preparation of cost estimates of project works on the basis of recent actual contract rates, including

annual expenditure schedules

preparation of operation and  maintenance schedules, including staff, equipment and budget

requirements:
preparation of realistic implementation schedules. showing project components in quantitative and

monetary terms. equipnient and statt requirements and procurement schedules, as well as speciticativns

for engineering and other surveys required for detailed design and tmplementatian;

X111-3



1) preparation of proposals for improved water management. project implementation, and for improving
the institutional infrastructure (eg., extension, research. credit. marketing, and farmers’ organisation)

In the area:

k) assessment of henefits for relevant project alternatives and evaluation ot project economics, icluding

tarm budyets, internal rates of return and sensitivity analysis.
2.1 Technical Aspects of Special Interest.
The SERS has identitied several aspects critical to the study.
2.1, Drainage
There is & need to establish a hydrometric network data collection programme for at least one and preferably
two monsoon seasons during the study. This will require extensive topographical survey. collection of sediment
data and channel discharge and water leve] data.

- All existing structures and embankments must be inventoried

- new gauge hoards will be established as necessary

- channel cross sections will be established at | km intervals throughout the Little Feni and 1n

the Sonaichari and Dakatia at least as far as Laksham and also in the reach between Chandpur

and the Chabagadi pump station. These will be required for revision and upgrading the SERM

and for quantity calculations.

| ]
-
(&1

Sediment Sampling

The programme shall be designed to obtain sutficient data to analyse the existing situation in terms of quantities
and locations of existing silt and sand mflows, outflows and deposition i order to prepare soundly based
recommendations for improving or solving the siltation which contributes to the drainage problems in the

Sonaichart and Little Feni catchments,

2:.1.3 Dukatia Pumping
a) Proposals for pumping Meghna water along the Dakatia and into the Little Feni must take into account

the needs of exisung users on the Dakatia including CIP and must examine alternative locations and

sizes for the pump station considering river capacity, water levels and costs.
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2.2
2:2.1
(a)
(h)
Dl
()
(b)
2:2:3
(a)
(h)
(c)
()
2,2.4

d
W

Important Activities
Mapping

Produce a project works plan indicating the project area, embankments, khals and minor
drainage channels. rivers, structures, roads, etc. The map should clearly indicate the existing

and proposed works.

preparation of a map indicating the pre-project and post project flooding conditions, the
proposed drainage arrangement and a schedule indicating the proposed completion dates tor

each stage of the works.
Flood Control and Drainage Improvement

Flood data should be classitied in accordance with MPO flood phases but should be related

to time and duration.

determination of the required capacity of regulators. The method of calculation or estimation

should be clearly explained.
Irrigation Development

assess water resources of the Lower Meghna River the Dakatia, Little Feni and Muhuri
catchment taking into account the present withdrawals by the users and their future
requirements and determine the availability of water for use in the project area, as well as that

tor possible onward transfer to the Muhuri Irrigation Project:

study the development options available, such as primary pumping with the secondary

distribution system provided either by low lift pumps or gravity.

study the existing irrigation systems in the project area (LLPs, STWs and) the organisation
and management of farm groups and water users associations as a4 means to improved water
distribution and management: the condition of tarm canals, designed and actual command
areas: identify the constraints and suggest solutions:

propose a strategy for development of irrigation:

Navigation Facilities

Study the existing hoat traffic during the wet and dry seasons 1n khals, major streams and rivers playing within

he project area (particularly the Dakatia river) servimyg the growth centres with special reference to markets,

inter connecting feeder roads and the nattonal road network.
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Fisheries Development

Study the existing capture and culture fisheries in floodplain, beels and ponds. Determine the reduction in
floodplain area which may result from improved drainage or polder development. Study the possibility of
incorporating in the design of the hydraulic structures measures to reduce any adverse effect on the floodplain
tisheries and detail the operation of these structures; provide guidelines for intensifying existing fisheries und

developing new ones to compensate for unavoidable losses and tully develop the fisheries potential in the arca.
2.2.6 Land Acquisition

Assess the land acquisition requirements. Interview land owners and local leaders to identify potential problems

and suggeest feasible solutions.

| =]

2.7 Development Support Communications

Study the institutions and facilities available in the project area for development support communications, viz.,
BWDB field staff capability, KSS and other farmers organisation, Umon Council and Thana staff, Deputy
Commussioner staft and agricultural support services (extension, research. credit, marketing, input supply) and
mike proposals for the effective participation of local organisations in the proposed development programme

for the Region.

Witer Control Structures

(]
2
=]

(a) list the structures required .

(h) prepare a single line drawing for each structure type . Show dimensions of opening or

important features of structure. Indicate the top elevation, tloor elevation, length, width, etc.

(c) prepare hydraulic caleulations for structures.
(d) for a pumping plant, indicate the number, size and type of pumps. show calculations to

substantiate the size and number of pumps. Evaluate and compare diesel and electric power

alternatives;
(e) show the cost of each structure and total cost of structures in the scheme,
() show the typical cross-section of each existing embankment as designed and built, and for

each new embankment to be constructed. Show the elevation of embankment and tlood levels
(annual and 20-vear probability) and describe the present condition of the embankment;

estimate quantity of earthwork tor new construction required;

o) show the typical cross-sections of each drainage channel as designed, built, to be re-excavated
and / or for new excavation. Give bed levels. Show the hydraulic computation for the amount
of water required to be removed and the capacity of the drainage channel and describe its

present condition; estimate the quantity of earthwork:
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2.2:9 Cost Estimates

Estimate capital costs hy construction year along the lines of components which would generally follow the

undermentioned guidelines:

I's Preconstruction Activities
a. Land acquisition;
h. Engineering surveys and foundation investigations;
&. Preparation of bidding documents for procurement of goods, services and for award

of civil works contracts;

2, Civil Works

Flood Control and Drainage

a. Embankments
(1) New
(2) Resectioned
(3) Protection works
b. Drainage Channels
(n River and Khal resectioning (including dredging)
(2) New
(3) Appurtenant structures:

(a) Road bridges
(h) Culverts

(c) Footbridges
(4) Hydraulic Structures
(a) Single vent regulators or sluices
(h) Maln vent regulators or sluices
(¢) Contingency for additional regulators to be decided at detailed

engineering phase

() Navigation locks
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Irrigation Development

(1) Primary pump stations:

(2) Inlet and outlet canals:

(3) Main canal:

(4) Secondary canal:

() Canal structures. siphons, flumes. bridges, turmnouts. etc.;
(0) Outlets 1n flood embankment ror low iift pue-aps atilisation.

Access Roads Needed tfor Construction and O&M

Additional costed 1items should include:

I Fisheries Intrastructure

2. Procurement of equipment and vehicles

3, Support services

4. Studies

5. Technical assistance and training

6. Engineering and administration

7. Operation and maintenance during the construction period and after project facilities become

operational.

Cost Recovery

Prepare a programme and procedures for recovery of O&M costs, making use of procedures being developed

under the BWDB System Rehabilitation Project.

Project Management

Prepare proposals for project implementation and project operation and maintenance.

2.2.10 Production

(a) Yields and Cropping Patterns .
Yields shall be considered on a normal year basis with separate assessment for crop damage due to
floods or drought. Cropped areas shall be subdivided into irrigated and non-irrigated areas. In
accordance with established guidelines the yield and cropping patterns will be assessed for the present.
future with and future without project conditions.

(h) Cropping Intensities

Intensities will he assessed in a similar a manner to yields.
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(c) Fisheries Production (with and without Project)
(d) Livestock Production (with and without Project)

Describe potential for change in cropping pattern, yields and cropping intensities resulting from the project. The
major agricultural production constraints would be identified, the extent of the impact of such constraints would
be quantitied and cost of production will be estimated. Constraints to intensification/diversification shall be

identified and suggestions made as to how they may be addressed.
2.2.11 Farm Budgets

Prepare farm models for representative tarm types, including tenants and/or share-croppers and analyse the
tinancial benefits of the project and their distribution between different classes of beneficianies. Estimate the

potential for cost recovery and calculate levels of cost recovery consistent with farmers capacity to pay.
2.2.12 Economic Analysis

Estimate project net economic benefits and rates of return on the investments.

22,13 Employment

Analyse the expected impact of the project on employment in the project area, considering male, female and

landless employment,
3. BWDB’s Responsibility

The consultants shall work with the Planning Schemes Unit headed by a Superintending Engineer (SE) under
the Chief Engineer (CE) Planning. The specialised departments of BWDB shall assist the Project Team as
required, particularly with regard to the hydrological and morphological aspects of the study. BWDB's Central

Designs Organisation shall provide yuidance in the design of major structures as required.

The SE shall ensure that the objectives of the study as detailed in the TOR would be achieved within the agreed
time schedule and that the contents of the report are acceptable to GOB. He would, in the context of the TOR,
direct the planning process and work programming, supervise the execution of the study and monitor progress
according to the set objectives. He would have regular meetings with the BWDB professional staff and the
consultants to discuss technical and project management issues. Any unresolved issug, techgical or otherwise.
should be taken up with BWDB's senior statt (Chief Enginder Planning, Chiet Enginggr Desmgns, Director

General of River Research !nstitute, Chiet Engineer Hydrology ete.) or other GOB agencies as required.

BWDB shall make arrangements tor SE's staft and the consultants to meet concerned GOB agengies in Dhaka
and the project area to enable these agencigs @0 be aware of the project objedtives frpm its inception amd to be
involved in adapting it to their nads. particularly in relation 2o such matters as extension, research. pump
irrigation, input supply, credit, farmers omganisation, land acquisition. fisheries infrastructure, domestic water

supply. environmental impact ete.
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BWDB shall provide or make available the following data, services and facilities:

(&)

(h)

(d)

all hydrological. morphological, meteorological data and records or river stages:

contour maps, mouza maps, aerial photographs and moswies previous reports on surtuce and

eroundwater development of the project arca’

results of mathematical modelling studies:

standard design manuals and type plans for hydraulic structures and other civil engineering structures

and buildings: and

The consultant’s contract shall include, in addition to funding for consultancy services, provision for funding

the following items.

(a)

(h)

(d)

additional topographical surveys. foundation investigations and hydrological data collection needed for

the feasibility study. These works shall be undertaken through sub-contract or by direct labour.
adequate office space to accommodate Consultant and BWDB stati:

support staft including administrative and financial staft needed for the effective delivery of the

consultancy services: and

operation and maintenance of the office. mcluding provision and operation of transport vehicles, office

equipment. stationery. printing reproduction, and utilities.

Time Schedule

The study period 1s estimated at 24 months for the feasibility study and 3 months for review and finalisation

of the reports. This is a tentative schedule which consultants should feel free to change while preparing their

draft proposals to ensure that they can produce an effective feasibility study.

Operation or Event .| Responsibility Date

Project start-up Consultants September 94

Inception Report Consultants'BWDB November 94

Dratt Feasibility Study Report Consultant/BWDB August 96

Final Feasihility Study Report Consultant/BWDB November 96
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Duration of Consultancy Services and Composition of Team

The feasibility report shall generally follow the Guidelines for Project Assessment published by the FPCO in
May 1992. The report outline shall be agreed with the financing agency. The feasibility report shall be a

comprehensive document and shall determine that the project is:
- in conformity with the country's development objectives and immediate priorities;

- technically sound, and the best of the available alternatives under existing technical and other

constraints:
- administratively workable: and
s economically, financially. socially. environmentally and institutionally viable.

The Consulting tirm shall work directly with BWDB protessionals and keep the SE informed of the progress
and problems. They will prepare quarterly reports for presentation at meetings to he conducted by the SE and

/ or by the Chief Engineer Planning. In particular, they will submit.

(a) an inception report in 50 copies. This report, which should be submitted within 3 month after
the contract award, will include the work plan, along with detailed tasks, specific manpower
allocation, hudget for the whole project team, the programme for surveys, investigations and
hydrological data collection needed for the teasibility study and actions taken and progress on
these activities during the first quarter. Statting requirements, transport, office accommodation

and other relevant matters should also be discussed;

(h) guarterly progress reports in 20 copies. These reports should be utilised by the consultants to
inform the GOB on progress, outstanding issues and to suggest solutions to any problems
tacing them in their work:

(¢) the draft final reports in 50 copies for the feasibility study: and

(d) tinal reports in 50 copies within 3 months of the dratt report and atter review by the GOB und

donor agencies.
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