(2) Crop_coefficient

Crop coefficient should be locally obtained through field measurement by crops. Fo.r
calculation of crop consumptive use, 10-day basis coefficients are averaged by four (4) crop
growing stage as summarized below on the basis of the recommended crop coefficient by

MPO.

Name of Crop Initial Stage Crop Develop. Mid Season Late Season
- HYV Aug 1.10 1.10 1.03 0.85
HYV Aman 1.10 1.10 1.08 0.90
HYY Boro 1.10 112 1.27 1.06
LT Aman 1.1 I.10 1.10 0.95
LT Boro 1.10 1.16 1.27 0.98
HYV Wheat - 0.59 1.05 i.10 0.69
Potato _ 0.58 1.12 .13 0.92
Pulses 0.64 1.07 i.11 0.36
Mustard : 0.56 1.14 1.14 0.92
Vegetables 0.55 1.00 1.00 0.98

(3)

Effective rainfall is also estimated based on an empirical formula recommended by
FAQ; the rainfall data in the fourth dfought year for recent 20 years is applied for this
estimate in consideration of drought ffequency for irrigation plan. About 68 % of annual
rainfall is effective for crop cultivation, but mostly concentrated during the monsoon season;
the effective rainfall during the dry winter season is almost negligibly small. The crop
consumpuve use is then balanced by effective rainfall to get on-farm irrigation requlrement
for upland crops during the dry-winter season ( Rabi ).

With regards to the on-farm 1rr1gat10n requirement for paddy crops, the crop
consumptive use is further balanced by percolation, requxrement for land preparation and
that for nursery treatment before transplanting. The following assumptions are made in
advance of calculation of the on-farm irrigation requirement for paddy cultivation:

i} Nursery : 10 % of transplanting field,
i)  Land preparation : 180 mm

iii) Land preparation period : 20 days

iv)  Percolation rate in paddy : 3.0 mm,
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The estimated annual on-farm requirement for paddy crop ranges from 1,014 mm for
Boro crop during the dry-winter season to 331 mm for Aus crop during the monsoon
season. While, that for Rabi crop ranges from 324 mm for potato to 237 mm for mustard.

Peak on-farm requirement for paddy crop is usually caused by land preparation in
pre-iransplanting period; it ranges from 14.7 mm for Boro crop during the dry-winter
season 10.9.9 min for Aman crop during the monsoon season. Meanwhile, the peak on farm
requirement for Rabi crop ranges from 4.6 mm for pulses to 3.3 mm for potato.

Seasonal on-farm irrigation ;'cquirement by crop would be composed by weighting
cropping intensity in accordance with the proposed cropping calendar. Table 6.2.1 shows a
composite sheet for the irrigation water requirement. The following equation is applied for
the computation:

IRc=Lgx AcxRo

where, IRc : Composite requirement (mm/day)
Lg Percent of land grade ( % )
Ac : - Percent of cropped area ( % ),and
IRo : 10-day basis on-farm requirement by crop.( mm/day).

Peak _consumptive use of 5.67 mm occurs in the middle of March. This is caused
mainly by land preparation for Boro crops, development stage of Rabi crops, high

evapotranspiration, and very few cffective rainfall.

(5)

Application efficiency ( Ea) of 0.62 is épplied for getting a field requirement, taking
level border irrigation practice for paddy cultivation and furrow irrigation practice for upland
crops ( Rabi ) into account. As shown in Table 6.1.1, the peak field requirement of 9.14
mm/day for the proposed cropping pattern occurs in the middle of March.

Dist_ribuﬁon efficiency ( Ed ) is composed of multiplication of field canal efficiency
( Eb ) and conveyance efficiency ( Ec ), or Ed = Eb x Ec. The distribution efficiency of

0.64 is applicd making reference to FAO publication in order to obtain unit diversion
reqiliremént. As shown in Table 6.2.1, the peak unit diversion requirement for the Project,
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which occurs in mid. March, is estimated to be 14.29 mm/day or 1.65 l/sec/ha, The annual

unit diversion requirement for the overall crop intensity of 224 % amounts to 2,206 mm.

6.1.3

Irrigable area by surface water resources would be determined dividing the minimum’
available water resources of 30 m3/sec by the peak unit diversion requirement of 1.65
l{sec/ha in mid. March. The irrigable area is estimated to be 18,180 ha.

6.1.4

(1)

Groundwater development will be made by farmers at private initiative. Groundwater
resources can be developed for irrigation through different modes like HTW/DTW/STW.
Although selection of development mode should be the farmer's option, STW is tentatively
selected 1o estimate a potential irrigable area by groundwater. The proposed project will
_include the establishment of demonstration farms where various modes of groundwater
development will be demonstrated and tested.” The demonstration farms will provide the
farmers with appropriate technologies suited to their specific needs.

(2)

Agricultural land which should be irrigated by groundwater is balanced at 13,530 ha,
as shown below ;

‘ Classification of Projegt Arca - Total Arca
Items / Area Northwest (ha)  Central (ha) South (ha) (ha)

(1) Farmland 10,340 26,290 6,170 42 800
(2) Existing lrrigation Area

1) by DTW 660 3,000 910 4,570

2) by STW 1,460 3,250 520 5,230

3) Total . 2,120 6,250 1,430 . 9,800
(3) Existing Rainfed Area, (1) - (2) 8,220 20,040 4,740 33,000
(4) Surface hrigation Area 0 18,180 _ 0 18,180
(5) Project area by FAP-9A 0 1,290 0 1,296
(6} Groundwater Dependent Area

(3)- (4} -(5) 8,220 570 © 4,740 13,530
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The tollowing criteria is adopted for STW development :

1y

2)

3

4y

5)

6)

Pumping capacity of STW

A standard 0.5 csc (14.16 I/sec) mixed-flow pum 1d be install ,
proposed STWs, pump wou installed for the

{rmigation period and consumptive use

Irrigation period is assumed from 2nd January to 1st May or 120 days a year.
Total consumptive usc during the dry season of 120 days is 457 mm and the
peak consumptive use is 5.67 mm per day in the middle of March (Table 6.1.1).

Operation hours and irmigation efficiency
Operation hours of STWs are assumed at 10 hours/day according to the current

operation. Irrigation efficiency is assumed to be 62% for application and 90%
for distribution.

Pumping duty

Pumping duty is obtained from 10 hour operation a day, peak consumptive use
of 5.67 mm, application efficiency of 0.62 and distribution efficiency of 0.90,
5.67/0.62 /0.90 x 10,000 x 24 / 10/ 86,400 = 2.823 Vsec/ha

Unit irrigable area by STW

Unit irrigable areé per STW = Pumping capacity / Pumping duty
14.16/2.823 = 5.0 ha / well

Allowable spacing of DTW /STW
The present spacing rule given by BADC s as follow :

forDTW:  760m (2,500 ft)
for STW:  244m (30011

Thus, one DTW can be installed in every 58 ha (760 m x 760 m), and STW in
every 6 ha (244 m x 244 m) in principle.

Irrigable area by STW is estimated under the assumptions mentioned above, to be
7.940 ha in total, including 570 ha in the central area as shown below :
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ltems / Area Northwest Central South Total Area
1)  Nos of Existing DTW / STW .

¢ 1) by DTW # (nos) 34 155 47 236

2) by STW (nos) 363 813 130 1,308
{2) - Allowable Spacing

1y DTW (ha) - 58 58 58 (58)

2) STW (ha) 6 6 6 ' 6)
{3) Catchment Arca of Existing

STW /DTW, (1) x (2) _

1) DTW (ka) 1,970 8,990 2,730 13,690

2) STW (ha) 2,190 4,880 780 7,850

3) Total (ha) 4,160 13,870 3,510 21,540
{4) Total Farmiand (ha) 10,340 26,290 6,170 42,800
(5) Remaining Catchment Area )

for Additional STW, (4) - (3) (ha) 6,180 12,420 2,660 21,260
(6) Proposed Nos. of STW, (5)}/(2) (nos) 1,030 114% 444 1,588
{7) Unit Irrigable Area per STW tha) 5 5 . 5 (5)
(8) Estimated Irrigable Area, (ha) 5,150 570 2,220 7,940

(6) x ((7) .
*:  Nosof STW required for irrigating 570 ha are given, because groundwater dependent area in the central

area is limited and no shortage of groundwater supplies is expected.

(5)

Total pumping capacity should not exceed "available recharge” for STW in order to
keep safe-yield of the groundwater. The estimated irrigable area by STW is smaller than the
potential command area except South Tract in view of development potential of groundwater
as shown below.

Classification of Project Area

Items / Area Northwest  Central . South Total Area

(1) Groundwater Dependent Area (ha) 8,220 570 4,740 13,530
(2} Remsining Catchment Area

for Additional DTW {ha) 6,180 12,420 2,660 21,260 -
(3) Available Recharge (mm) 407 343 303 (357
(4) Consumptive Use (mm) 457 - 457 457 - 457
{5) Potential Command Area* (ha) 5,500 9,320 1,760 16,580

@) x3) 7/ :
(6) Estimated Irrigable Area (ha} 5,150 370 2,220 7,940
{7) Balance, (5) - (6) (ha) 370 8,750 -460 8,640

(8) Proposed Irrigable Area (ha) 5,150 570 1,760 7,480
smaller _(5) or (6) .

* : Potential command area (ha) =  Potential catchment area for STW (ha) x Available Recharge (mm)
/ Conrsumptive use (mm}

In the South Tract, the potential command area by STW is calculated to be 1,760 ha
which is smaller than the estimated irrigable arca of 2,220 ha. I means that groundwater
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resources is rather limited in the South Tract to allow the present spacing rute of 800 feet
(244 m). Therefore, irrigable area in the South Tract will be limited to 1,760 ha of the

potential command area as the maximum, which makes the proposed total irrigable area by
STWs to be 7,480 ha,

A total of 18,180 ha will be exploited by surface water irrigation and the farmlands of
7,480 ha will be irrigated by STW. The total project area including the existing STW/DTW
schemes (9,800 ha) will therefore aggregate 35,460 ha. The following table shows the
breakdown of the proposéd development areas by conjunctive use: |

Development Mode : Clés@ﬁcatigm of Project Avea ~ Total Area
Northwest Ceniral South (ha}
(1) Withont Project _
i) STW 1,460 3,250 520 ‘ 5,230
i) DTW - 660 3,000 910 . 4,570
Total 2,120 6,250 1,430 9,800
(2) With Project
{(a) Groundwater (STW) 5,150 570 1,760 7.480
(b} Surface water 0 18,180 0 18,180
Total 5,150 18,750 1,760 25,650
Total Project Area 7,270 25,000 3,190 35,460
Rainfed Arca 3,070 1,290 2,980 7,340
Total Farm Land 10,340 26,250 6,170 42,500
6.1.6

(1)

(a) Layout of irrigation diagram

Irrigation diagram for Central Tract would be illustrated conjunctively with surface
water irrigation canal system and tube-well system. The surface water irrigation canal
system would be networked following the existing drainage canals, and would be
sprawied to the maximum extent depending on the available surface water resources.

" The remaining irrigable area which can not be covered by surface water resources would
be irrigated by ground water resources. Fig.6.1.2 shows the proposed irrigation
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diagram. Northwest and South Tract would be irrigated exclusively by tubewells

irrigation system, and no irrigation diagram is therefore prepared for both tracts.

(b} Surface water supply sysiem

Intake facilities
Run-off river type intake is proposed to divert discharge of 30 m3/sec from the Dharla

river. A slight erosion site near Bunka village, northmost of the Kurigram South
Unit, is selected for the location of the intake facilitics in consideration of stable off-
take function. About 270 m of intake channel would be excavated at flooding stage in
front of the polder dike. In order to keep stability, the channel would be fully lined
with concrete blocks, and its front would be protected with ripraps. - An intake
regulator would be proposed on the polder dike in order to regulate intake water.

Main canals and their related structures

Main canals are aligned along the existing creeks, drainage channels and swamps.
These existing creeks, channels and drains are deepened by manpower in order 10
distribute irrigation water to expanded area durmg the low water season in the Dharla

river, and are re-shaped as trapezoidal section for increase of convey ance capacity.

There are a number of related structures such as contro} structures and crossing
structures. The major control structures consist of check gates and regulating
structures; the check gates would function maintaining water level during jrrigation
period, and the regulating structure would funciion to control discharge in the
irrigation canals throughout the year.

The major crossing structures consist of newly proposed and renewed bridges;almost
all the existing crossing structures along the creeks and channels would be renewed
due to deepening and re-shaping of the existing creeks and channels in conformity
with section of the proposed irrigatibn canals.

ommand area development with low 1ift pumping ( LLP _
A number of low-1ift pumping units are installed on both banks of the main and
secondarfy canals to boost hydraulic head of irrigation flow in the canals and to
distribute'irrigation water to command arca. Field canal extending from LLP,
therefore, directly supplies irrigation water to command area; this canal shduld be
extended as long as possible (at least, one km) to expand irrigalion area; this results in
increasc of scale of LLP. In conformity with averaged command afea and in
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()

consideration of domestic procurement of pumping units,two sets of engine-driven
pump with a bore of 150 mm and a delivery of 50 I/sec would be proposed for cach

LLP stations Al the field canals are brick-lined to save conveyance fosses in the
canal.

Groundwater supply system

. Groundwater supply will be made by STW. The criteria authorized by BADC aud the

empirical formula recommended by BWDB are as given in Section 6.1.4. The
following is a recaptulating of the criteria : '

Pump Delivery Operation  Muiual Interval  Command Area  Trrigable Area

STW 14.16 sec 10.0 brs 244 m 6.0 ha 5.0 ha

Ground water is mechanically pumped out and supplied to farm land by simple field
channel. Pumping unit applied for STW is of low-lift mixed-flow or centrifugal type
with a vertical shaft. The field canals for STW are brick-lined for saving conveyance
losses in the canal; the canal extends to terminal irrigation field of one ha, and in the
terminal field, irrigation water is supplied plot to plot. STW scheme is developed by
farmers initiatives under the assistance of the Authorities concerned. -

- Proposed cropping pattern includes both paddy and upland crops. The paddy is

. irrigated by ordinary impounding irrigation practice in paddy plots; the upland crops are

irrigated by furrow irrigation practice. Irrigation water supply for both paddy and upland

crops during dry winter season should be made by one week rotation for effective use of

limited water resources.
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The study area of 59,400 ha enclosed by flood protection dike is divided into eight
drainage blocks in accordance with geography, topography, drainage canal networks, and
drainage outlet. The drainage blocks are bordered by road, railway, or natural levee. The
blocks are not completely isolated each other, because drainage channels in respective blocks
are connected each other without any regulating facilities. '

Eight (8) drajnage blocks would be assumed as an independent or completely isolated
mini-compartment in view of drainage improvement plan. On the basis of a c'ohcept of mini-
compaftmentaﬁzation, all runoff water in each drainage block should be drained into external
river through their exclusive outlet or regulator at their own risk and should never be
~ released into neighbouring lowlying drainage blocks. '

(2)

In order to assess the present drainage condition in the Study area, drainage calculation

is made on the following procedures and assumplions :

{1y Calculation period : Recent 8 years from 1983 to 1990 during May

to October (the Monsoon season)
(i) Calculation step : One (1) day,
(iii) Rainfall data : * Nearby five (5) rainfall gauging stations, such

as Lalumonirhat, Chilmati, Kaunia, Ulipur,
and Kurigram. .

(iv) Rainfall losses : Evaporation from bare ground and water body,
Evapotranspiration from farm land and greens,
Percolation from paddy field, channels, and
gwggnps, and storage in paddy.field and water
odies. : :

(v) Data on external water level:  Data in the Kurigram and Talukshimulbari
o : stations along the Dharla river; data in the

Kaunia stations along the Teesta river; data in

the Chilmari and Noonkawa.stations along the

Burhamaputra river
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(vi) Inundation arca (H-A) and Prepared on io " i :
_ po map of 4" to a mile scale
yolum ne (H-V) curve : with a contour interval of 1 ft,

(vii) Continuous equation :

HQie-1 + Qo 12 - { Qo1 + Qv )72 = S ,and

S=Vi. Vg,
whereas, t denote time (one day )
Q4 inflow (runoff) discharge m3/sec,
Qe ¢ outflow = C*A*N*2g 2 (W 2 "W1,),
C flow coetficieni ( 0.85 ),
A sectional area of gate vent ( 1.52 m2),
- N number of gate vent,
S . storage volume,
Vi Vi1 - retained water volume,
Wl :  internal water level,
Wi, . external water level.

“The drainage calculation is carried out to grasp the present drainage condition
prevailing over the study area according to the assumption and procedures mentioned above.
The calculation clarifies that the Monsoon season in 1987 is the most severe in terms of the
drainage condition during the recent cight (8) years in the study area. Table 6.2.1 shows
summary of all the calculation by blocks and by years. The following is the summary of the
outcomes in 1987.

Rainfall External WL Inundated Inundated Inundated

Drainage {6 months) at Quttet Arca Depth Period
Block (mm) {(m) (ha) (m) (day)
(1)3 Ratnai 2,543 30.37 1,774 (26.5%) 4.02 69
{2) .Palashbari ' 1,708 27.45 1,461 (58.4%) 3.38 68
(3) Malbhanga 1,708 25.75 3,107 (24.1%) 3.51 48
(4) Bamni 1,601 25.26 4,101 (55.9%) 2.35 44
{5) - Chilmari 1,601 24.80 4,579 (56.6%) 3.09 : 62
(6) - Ghar'danga 2,402 29.58 1,530 (76.9%) 2.94 111
(7 Kishorpur 2,402 27.96 4,388 (51.6%) 2.56 " 63
(8) Harichari 1,797 25.07 6,339 (77.7%) 2.84 89

As summarized in the above table, the Harichari and Gharialdanga blocks are much
serious as far as inundation ratio and period are concerned ; the Ratnai and Malbhanga

blocks are rather gentle in terms of inundation ratio in the drainage block.
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6.2.2  Proposed drainage system
(1)  Basic consideration

Basically, two drainage systems can be envisaged for drainage improvement, namely
one block system and multi-block system. In case of the one block system, all the drainage
canals in the study area would be networked without any internal control facilities, and all
the excess runoff would be conveyed and concentrated in lowlying area through drainage
channels . Such a deep inundation in the lowlying area may compel inhabitants therein to
drastically change their current land use. This system must be proposed at sacrifice of the
inhabitants in the lowlying area and may cause serious sociological issues among the

inhabitants,

In order to attain equitable drainage improvement without any regional sacrifices, all
the excess runoff caused in a certain basin should be drained on that basin's risk in
principle. ~ Following this concept, the multi-block system with the so-called mini-
compartméntarization concept would be proposed for the drainage improvement in this area.

(2)  Drainage mode

There are two (2) modes of drainage, i.e , by pumping and by gravity. In comparison
with the water level fluctuation of the Dharla and Teesta rivers during the monsoon season
and the topographic slant and elevation of the study area, construction of additional
regulators at respective outlets will never bring remarkable increase of outgoing discharge
through respective regulators. In this view,project economy permilting, pumping drainage
would be essential for full drainage improvement in the study area.

In the meantime, the pumping drainage is economically infeasible in spite of the
remarkable improvement due to ahticipated low benefits which will be accrued only from
crop damages and extremely high installation and O/M costs for pumping units. Even if all
the inhabitants in the study area have a strong intention for substantial drainage
improvement, the introduction of purping drainage would not be realistic in the study area
at this moment.

As mentioned above, by-gravity drainage is not so effective as pumping drainage. In
order to decrease inundation area, depth, and period under the by-gravity drainage mode, it
is triéd to excavate bottom of swamps and existing drainage channels as much as possible in
order 1o increase retention volume for excess runoff water. The increased volume is,
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actually however, rather small compared with the excess runoff waier inundated in the study
area. In splte of low cost measures, this mode is also technically not atteactive.

Judging from the drainage calculation under the existing condition, specific drainage
requirement in four (4) drainage biocks such as Chilmari,Bamni, Malbhanga,and Ratnai is
assessed to be rather reasonabile; it is equivalent to about 1.0 m3/sec/km?, more or less.
That in the remaining four (4) drainage blocks such as Palashbari, Harichai, Kishorpur, and
Gharialdanga, is far less than 1.0 m3/sec/km?2. The drainage condition in these four (4)
drainage blocks would be possibly improved by increase of their regulator's sluice capacity
and retention volume. '

According to the results of the calculation under the existing condition, the drainage
condition in the study area in 1987 is the most serious during the period of the recent eight
(8) years. Taking the frequency of flooding into acéount, the calculation for the drainage
plan would be made based on the hydrological condition during the period of the monsoon
season (May to October) in 1987,

At the first step of the calculation, four (4) drainage regulators such as
Pala_shbaﬁ,Harichai,Kishorpur,and Gharialdanga are selected for the improvement of sluice
capacity in the light of the specific drainage capacity under the present condition. The
following is a summary of the additional installation for the said four regulators.

Existing Regulator Increased Improved Regulator
Regulator (No. of Vent Ratio (% ) : { No. of Vent )
1)  Palashbari 2 100 4
2) Harichai 12 66 20
2). - Kishorpar - 12 100 24
4)  Gharialdanga 2 100 4

Furthermore,water level - inundation area (H - A) curve and water level - retention
volume (H - V) curve for all the drainage blocks are modified based on the retention capacity
increased through excavation of drainage channels, creeks, and swamps According to the
same calculation procedures used for the assessment of the existing condition, the

‘improvement of the drainage condition for each drainage block is assessed under revision of

the sluice and retention capacities.
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Table 6.2.2 summarizes the calcuiation under the improvement plan for eight (8)
drainage blocks Turther details are given in ANNEX -XI. The following is recapitulating
the calculation in terms of the effectiveness of the drainage improvement :

Drairage Block Decreased Decreased Decreased.
Inundated area Inundated depth Inundated period
(ha) () (day)
{1} Ratnai 3 H 4
(2)  Palashbari 76 4 4
(3) Malbhanga 0 0 2
(4) Bamni 21 1 1
(5} Chilmari 8 0 0
(6) Gharialdanga 284 26 27
(7} Kishorpur 554 24 3
(8) Harichai 102 7 8

As shown above, the drainage condition in Ratnai,Malbhanga,and Chilmari drainage
block is hardly iﬁ}proved. The selected area such as Palashbari, Gharialdanga, Bamni,
Chilmari, and Kishorpur drainage blocks have been considerably improved in terms of
inundation area ; as far as inundation depth and period are concerned, no remarkable
improvement has been expected in all the drainage blocks.

(4)

It is clarified through various examination for drainage improvement that, from
hydrological condition of the external flow and lowlying topographic condition of the study
area, there is no attractive way to improve the drainage condition in the area without
introduction of huge power pumping units. In the light of the drainage calculation
mentioned above, the following two (2) improvement measures would be envisaged in the
project area in due consideration of the project €conomy:

(1) Increase of four (4) regulator's sluice capacity, and o
(i) Increase of retention capacity for all the drainage blocks through excavation of
channels, creek and beels :

As previously mentioned,the existing channels,creeks .and swamps would be
deepened and re-shaped for dual purposes Le,irrigation and drainage. All the proposed
irrigation canal system would also function as drainage canal system. In addition, the
existing swamps would be de-silted for increase of their retention capacity Al the cahals
are connected Lo the existing eight (8) regulators which are improved, re-constructed and/or
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rehabilitated ; the Ratnai and Harichari regulator would be re-constructed and rehabilitated,

respectively, and the Palashbari, Harichai, Kishorpur, and Gharialdanga regulators would
be improved for sluice capacity.

Furthermore, the Ratnai river which flows into the study area across the existing dike
and causes habitual inundation in the northern tract,would be diverted.dircctiy into the
Dharla river by excavating new diversion channel along the outside of the protection dike
and by closing the existing breach.

6.3  Flood_Protection Plan

Most of the flood protection plan for the Kurigram South Unit has been substantially -
completed by constructing the existing flood protéction dike which is about 108 Km long.
Since then,the dike has been partly eroded by river flow and winds,and also partly broken
by inhabitants for ‘use of homesteads. Furthermore,the dike is sporadically breached by
local people for urgent drainage. In due consideration of such an existing condition,flood
protection works would be limited to the folloWing rehabilitation works :

(1) Closing works for the abandoned breaches, and _
(2) Re-shaping and hightening of the eroded and skender portion of the embankment

6.4.1

The existing cultivated land in the Study area (42,800 ha) is composed of 9,800 ha of
irrigated land and 33,000 ha of rainfed land. After implementation of the Project, 25,700 ha
of the existing rainfed land will be irrigated by use of both surface and groundwater
resources. The remaining rainfed land (7,300 ha) will not be benefitted by the Project due to
the {imited water availability. The existing irrigated land of 9,800 ha will be under irrigated
condition through improvement of operation and maintenance. As a result, it is proposed
that 35,500 ha in total will be be irrigated as the Project area as shown below :
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Proposed Existing Difference

i. Total Farnliand in the Stody area 42,800 ha 42,800 ha -
2. Tirigation Area . 35,500 ha 9,800 ha 21,800 ha
Existing irrigated area 9,800 ha 9,800 ha -
Surface water by LLP 18,200 ha 0 ha 18,200 ha
. DTW newly constructed 7,500 ha O ha 7,500 ha
3. Rainfed Area 7,300 ha 33,000 ha -21,800 ha

The present and proposed cropped area within 35,500 ha of the Projéct area are shown
in Table 6.4.1. The total cropped area will expand from 68,300 ha to 79,500 ha, and
cropping intensity will increase from 192% to 224%:

: Present Condition I’ropose&
Item Irrigated Rainfed Total Irrigated Area .
. (ha) (ha) (ha) (ha)
Total Land Area 9,800 25,700 35,500 35,500
Total Cropped Area 20,406 47,900 68,300 79,500
Cropping intensity 208% 186% 192% 224%

6.4.2

The proposed farming practices are formulated through modification of the existing
data and information collected. Most of farming practice will be carried out by labours and
draft animals, as same as the present farming practice,

For rice crops, the nursery period will be 30 days after seeding at the seed rate of 30
kg/ha. Land preparation is carried out by animal power 20 days before transpianting.
Fertilizer requirement of HVY rice would be about 200 kg of urea, 100 kg of TSP and 30kg
of potash to achieve maximum'potential yieid. Fértilizers are applied in basal for land
preparation and several top-dressings. Manure, if available, is applied as basal fo_r land
preparation. Plant protection should be made as required and minimize to use agro-
chemicals. Dry land crops in the rabi season also requires proper application of fertilizer and
farm management.
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Anticipated crop yield is estimated on the basis of the proposed farming practices, The
cultivated areas, crop yields and production in the Project area under the present condition
and proposed condition are estimated in Table 6.4.2 and summarized below :

_ Present condition Proposed condition
Crop Area Yield . Production Area Yield Production Increase
(ha)  (ton/ha) {ton) - (ha)  (ton/ha)  (ton) (ton)
Rice 56,400 2.64 149,000 38,000  4.40 167,500 18.500
Jute 3,500 1.48 5,200 9,000 1.57 14,100 8.900
Rabi crops 6900 3.16 21,800 32,500 6.73 . 218,800 167,000

Increased production under the pfoject will be consumed in the Project area, and
marketable surplus will be traded out of the Project area.  This will contribute improvement
of income of farmers and nutrient condition of the local people. Tt is estimated at several
thousand tons of rice, potatoes and vegetables will be transporied to North West region and

other region of the country.

Improved farming practices under the irrigated condition using surface water irrigation
as well as ground:water will be required for increase in crop productivity. Agricultural
* extension activities done by Block Supervisors under Tana Agricultural Extension Officers,
DAE Should be strengthened at the command areas of the LLPs in the study area. The
Project Implementation Office (P1O) is needed to coordinate with the on-going "marginal
and small farm systems crop intensification project (MSFSCIP)" and other NGOs' irrigation
plograms using STWs and DTWs in the Project area. 'The results of crop development and
researches under MSFSCIP will be utilized for the extension of appropriate crop production
technologies, especially to marginal and small farmers both under ground water and surface

water irrigation activities.
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In the Study area, production of culture and capture fishery is estimated at 546 ton
fron: 2,176 ha of pond and open water bodies, as shown below;

Culwre fishery  Capture fishery  Capture fishery Total

Beels Revers
Area 180 ha 256 ha 1,740 ha 2,176 ha
Unit production 928 kg/ha 84 kg/ha 205 kg/ha -
Anmnal Production 167 ton ‘22 ton 357 ton 546 ton

Above 265 ha of existing open water bodies (except rivers such as Bréhmaputra,
Teesta and Dharla) will be improved and éxpanded as irrigétion and drainage canal under the
Project. As a result, approximately 920 ha of canal will be perenial water body and can be
used for fishery production. However, the existing pond for culture fishery and capture

fishery in the large rivers will not be improved by the Project.

6.5.2

Systems of culture fisheries may include 1) pond culture, 2) pen and cage culture, 3)
fish culture in borrow pits or retarding ponds, 4) paddy-cum-fish culture, and 5) integrated
farming (duck-cum-fish farming).

The paddy-cum-fish culture cannot be applied in the project, since HY'V varieties will
be introduced using agro-chemicals and intensive farm mangement, Pond culture will be
intensified by application of the improved semi- -intensive and intensive culture systems Pen
and cage culture sytem and integrated farming using fish and ducks or chickens seems to be
appropriate for the Prmect however those systems are under development in Bangladesh at
present. Although a number of borrow pits and retardmg basins can be used as nurseries
for major carps as well as fish culture, those water bodies will not be insured as perenial
water surface. - The project would not include complete structures and facilities for each
culture fishery system, therefore, a semi-intensive culture éystem_ modified with other
systems mentioned above is considered as a project componet to utilize the irrigation and
drainage canals,

It is assumed that about 50% of 920 ha would be applied the semi-intensive culture
fishery by the Project, and this will increase the fishery production to attain per capita local
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consumtion to the same as the current national level. Production from the remaining 50% of
the area might increase by the effcct of culture fishery, however, its production would not be
considered as compensation for the adverse effect of ihe captured fishery by the Project.
The future production is estimated as follows:

Item _ Present Proposed Condition
Pond River  Beels etc. Pond River Canal  Difference

. . Semi-
Production Extensive _ Extensive intensive
system c_ultm‘e Qapmre Capture culture Capture culture -

fishery fishery fishery fishery fishery fishery

Area (ha) L. 180 1,740 256 180 1,740 920 664
Production arca (ha) 180 1,740 256 180 1,740 460 204
Unit production (kgha) 928 205 84 928 205 5,900 -
Annual production (ton} 167 357 22 167 357 2,714 2,092
Total Production (ion} 546 3,238 2,692

Total production of 3,238 ton is equivalent to 4.4 kg/person of the current national
average. Production in the canals will be achieved by proper management [0 use materials,
preparation and necessary inputs. For implementation of fishery development, institutional
coordination will be required with BWDB and other government agencies concerned, and
biological management and conservation include restrictive licensing, close seasons,
restriction on gear and net mesh sizes, control on collection of wild spawn and fry.
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'CHAPTER VII PROPOSED PROJECT WORKS

7.1 Irrigation Development

7.1.1

7.

'( 1) Intake discharge and water level

Drought discharge with a return period of 10 years for the Dharla river is 49
m3/sec, out of which 60% or 30 m3/sec will be diverted for irrigation, Intake water level
is computed at 27.15 m, which is the lowest water level with a rewrn period of 10 years
on the basis of data from the Talukshimulbari gauging station.

(2) Main feature of headworks

Headworks are composed of intake mouth, intake canal and intake regulator. The

main features of the headworks are as follows :

Intake mouth: intake velocity 0.3 m/sec

width of mouth 100 m
: water depth 1.0m

Intake canal canal length 265 m
width of canal 100 -- 25 m
water depth 10--20m

Intake regulator size of vent L32m(W)x 1.83 m (H)
nos. of vent 12 vents
size & nos. of sluice gate I52m(Wyx 1.83m (H) x 12 gates -
clevation of gate sill EL25.45 m
iop of embankment -EL3341 m
high water level El3251 m

(3) Water level at beginning point of main channel

Water level at beginning point of main channel is set at WL.27.00 m.

(1) Division of irrigation area

Irrigation network based on the existing rivers and drainagé channels is shown on
Fig.7.1.1. The project area is divided into three areas, north-west, central and south
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tracts. Only _the central area will be covered by the surface irrigation network and the rest
of the area will be irrigated through groundwater development as shown below :

Surface irrigation with LLPs STW [otal
North-west area 0 ha 5,150 ha S0k
Central area 18,180 ha 570 ha 18,750 ha
South area 0 ha 1,760 ha © 1,760 ha
Total 18,180 ha 7,480 ha 25,660 ha
" Existing lrrigated Area 0,800 ha
Total Irrigation Area with Project _ -~ 35,460 ha

(2) Irrigation canals and related structures

Most of irrigation canals are the existing river and drainage channels. The relation
of main channels between existing rivers is as follows

Main channel A Ratnai river - Kalua nadi -
Trrigation canal - Bamni river
Main channel B Deota bil - Burd Teesta river
Main channel C Upper Bamni river .
Main channel D& E Irrigation canal and drainage channels

Layout of irrigation canals and related structures are shown on Fig.7.1.2, and main
features of the canals and related structures are listed in Table 7.1.1. The proposed canal
Jength and number of related structures are as follows :

Main channel A 64.4 km
Main channel B 55.9 km
Main channel C 35.9 km
Main channet D 13.2 km
Main channel E 100 km
Main channel F 7.9 km
Total i87.3 km
Irrigation Canal Regulator 24 nos.
Check gate 7 nos.

3 Irrigatian canal section

The'éxi'sting drainage channels and crecks have a gradient of 1/20,000. Lower
canal gradient will be better for irrigation with use of LLPs because it will keep water
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level Higher which makes operation of LLPs economical. Considering these factors as
well as land acquisition problems for canal construction and expected flow velocity,
gradient of the proposed irrigation canals are determined to be 1/20,000. The proposed
sections are determined in due consideration of the design discharges of cach canal as

shown in Table 7.1.2. -

(4) lLmrigation canal regulators and check gates

Irrigation canai regulators will be constructed to divert the irrigation watet and/or to
regulate the water level in the canal. Two (2) types of regulators are proposed; closed
type and open type. The closed type will be installed at the boundaries between the
drainage blocks so that the existing drainage system will not be drastically changed even
if drainage channels in different blocks are connected. The closed type regulators will be
equipped with sluice gates of 1.52 m (W) x 1.83 :m:('H), same as those of the existing
drainage shuice (regulator), and will be manually operated. The open type regulators will
also be manually operated but have larger sluice gates of 3.0 m (W) x 2.5 m (H). The
check gates will be of open type and be installed to control the water level at the end 6f
the irrigation canal near the existing drainage sluices (regulators). The proposed number
of irrigation canal regulators and check gates are as follows:

Closed type Opentype  Check gate Total -

Main channel A 3 3 2 8
Main channel B 5 1 | -7
Main channel C 3 4 1 8
Main channel D 1 1 i 3
Main channel E i i 1 3
Main channel F | 0 1 2

Total 14 10 1 31

7.1.3

(1) Selection of LLP size

Command area developme_m (CAD) with LLPs will be made by farmer groups at
private initiative, and therefore selection of LLP size should be their option, The GOB
will assist the farmer groups by demonstrating or making trials on Q&M on vaﬁous types
of LLPs at the demonstration farms.
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(2)  FEacility plan of LLPs

The LLPs should be selected among those available and widely used by the farmer
groups in Bangladesh, In this sense, medium size of LLP with a capacity of 2.0 cusecs
(56 Ifsec) is tentatively selected only for planning of CAD with LLPs. It is recommended
that two (2} units of LLPs be installed at one sife for fail-safe, Command arca will be 70
ha per site on an average. Total number of LLPs required for the irrigation area of
18,180 ha is 268 sites. Main features of pump facilities are as follows :

Pump capacity 36 Ufsec (2.0 cusecs) x 2 units
Pump type Centrifugal pump

Pump bore 150 mm

Total head 7m

Prime mover Diesel engine, 15.5 HP x 2 nos.

QOthers Manual pump

7‘1.4

Grd_undwater development for irrigation will be made by farmer groups at private
initialive,' and actual selection of development modes should be left to their option. In
this Study, however, STW is tentatively selected as most appropriate development mode

. only for planning purpose. Pump facilities for STW should be selected among those
available and widely used in Bangladesh, and in this sense, the following pump with a
capacity of 1/2 cusec (14 I/sec) was tentatively selected : '

Pump capacity 14 Isec (1/2 cusecs)

Pump type Centrifugal pump
Pump bore dia. 80mm

Total head - 7m ‘

Prime mover ‘Diesel engine : 6 HP

Total number of STWs required for the irrigation area of 7,480 ha is as follows :

nos.

North-west area 5,150 ha 1,030

Central area 570 ha 114  nos.
South area 1,760 ha 352  nos.
Total 7,480 ha 1,496 nos.
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7.1.5 Bemonstration farms

The demonstration farmns will be established at the following three (3) locations mainly
to assist farmer groups in selecting development modes of tubewell and LLPs:

Locations Thana Area (ha) Development _Mode
Banagram Lalmonirhat 101.0 ha LLP/DTW /STW
Pratap Kurigram 69.3 ha LLP /DTW / STW
Narikelbari Ulipur 88.9 ha LLP/STW x 3 units

In order to demonstrate and/or make trials on different modes of water distribution in
CAD, the facility plan of each demonstration farm is proposed as foliows :

Locations : Proposed faciiilies_

Banagram Mortar lined canals and/or earth canal up to terminal blocks of 5 ha
Pratap : Pumping up again from LLP to elevated land And distribuﬁng water

through open channels up to terminal blocks of 5 ha

Nariketbari Buried pipe system to minimize land loss for water distribution

The Ratnai river originates in the Indian territory, having a total catchment area of 163
km?. The Ratnai river will be closed off by the flood embankment. The catchment area
outside the embankment is 115 km2. The diversion works intend to ‘drain the floods
occuited in the outside catchrnen_l of 115 km?2 safely to the Dharla river. The design
discharge is 88.6 m?/sec which is equivalent to the flood with a return period of 20 years.
Major features of the diversion channel are as follows -

Length ; ' 33km
Canal gradient : - _ 173,500
Base width of channel 10 m
Stope . ' 1:2
Water depth ; : 4m
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In addition to the excavation works of the diversion chanuel, bridges will be newly

constructed at four (4) Iocations along the diversion channel to conserve the existing rural
transportation network.

There are three (3) main natural drains in the area; namely the Ratnai, .Bamni' and Buri
T;esta rivers. In addition to these main drains, a number of small streams are running iﬁ the
area. All these drains are finally connected with the existing regulators at 11 sites for
draining out the internal excess water. Two reguiators at Ratnai and Harichari, out of 11
regulators, will need re-construction and/or rehabilitation works. The Ratnai reguiator was
compleiely destroyed by the__ 1988 flood, and Horichari regulator is facing to serious
erosion. In addition, increase of in number of vents will be needed for the improvement of
drainage condition at regulators in drainage blocks of Palashubari, Harichari, Kishorpur and
Gharialdanga. | |

(1) Reconstruction of Ratnai regulator

The regulator will be re-constructed with the following original design :

Gate sill elevation - - ' EL 2538 m

Dimension of gates : 1.52 m (W) z 1.83 m (H)
Nos. of vents : g vents
Design high water level : El 30.48 m
~ Crest height of embankment : ElL 3138 m

(2) Rehabilitation of Harichari Regulator

The connecting portion (riprap) of the Harichari regulator with drainage channel has
been seriously scoured by the river flow. Rehabilitation works of rip-rap will be
envisaged under the Project. Extent of the works will be as follows |

Couniry side : ' {20m
River side : 225 m
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(3) Construction of Additional Regulators

Additional regulators will be constructed at Pateshubari, Harichari, Kishorpur and -
Gharialdanga to increase the dratnage capacity (see Section 6.2.2 of Chapter VI). The
principal features of the additional regulators are as follows:

ltems Palashubari  Harichari Kishorpur Gharialdanga

Gate sill elevation 22.85 20.12 22.77 24.38
Dimension of gates 1.52 x 1.83 1.52 x 1.83 1.52 x 1,83 1.52 % 1.83
Nos. of vents 2 8 _ 12 2
Design high water level 18.60 ©25.77 27.14 29.89
Crest height of embankment  29.50 26.67 28.04 30.79
Existing Regulators '
{Nos, of vents} _ 2 12 12 _ 2

7.2.3

The existing drainage system was designed and constructed for the flood with return
period of 5 years. The some portion of the existing drainage channels have been heavily |
silted up. The w1den1ng and dredgmg of these portion will be carried out under the Project.
‘The Ratnai, the Buri Teesta, the Bamni and other small dramage channels will be used as the
irigation canals. The EOCHHOH& of the desilting works are shown on Fig. 7.2.1. Extent of
the dcsilting works are as follows :

Mathailer Chhara 8.0 km
Harichari Khal 6.5 km
New drainage channel(Harichari reg.) 4.5 km
Total 19.0 km

The existing embankment was constructed, to withstand the floods with return period
of 50 years, in 1973 - 1984, The embankment is sufficient in height for the design water
level and has successfully resisted against the farge floods in recent years. Although there
are some damaged portions, the embankment has been somehow functioning to date even
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ander poor operation and maintenance. “Therefore, the rehabilitation works is limited to only
damaged portion of the embankment. At the Joykumar and Mogolbaéha sites in the
damaged portion, the set-backed embankments were construcied in the dry season of 1992.
The damaged portion of the embankment to be rehabilitated under the Project are identitied
as follows :

Location Length
Durakuti (closure of embankment at Ratnai river) 92 m
Bumka 170 m
Char Khatamari 284 m
Ratnai regulator site ' 133 m
Pangula 64 m
Joykumar 350 m

Total 1,093 m

The design criteria of the embankment to be rehabilitated is as follows :

Items _ Dharla/Teesta River Brahm.aputra River
Crest height design high water level plus free board
{design high water level = flood level with return period of 50 years)
Free board 0.90 m 1.50 m
Crest width ' 420 m 7.20 m
Slépe (river side) 1:3 1:3
Slope (country side) : 1:3 103

7.3.2

Protection works for the embankment will be carried out upstream and downstream of

the proposed structures. The proposed sites under the Project arc identified as follows :

Location

200 m

Upstream : 300 m
Downsiream : 300 m
' 200 m

Durakuti closure site
~ Intake regulator

Ratnai regulator
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The location of the proposed rehabilitation of embankment and protection sites are
shown on Fig. 7.2.1, Erosion protection works wherc serious river erosion is anticipated,
are described in Appendix-X, though they are not included in the project works,

7.4 Rural Infrastruciure Improvement

The existing bridges will be re-constructed at 52 locations due to re-excavation of the
existing drainage channels and creeks. In addition, new bridges and culverts will be
constructed at 39 locations due to construction of new irrigation canals connecting with the
existing drainage channels. Total number of bridges to be constructed under the proposed

project will be 91 as shown below :

_ Bridges .
Road Type Re-construction ~ New Construction Culvert Total
Railway 3 ¢ 3 6
Asphalt-paved Road 1 0 3 4
Raural/Brick Road 48 _ 30 3 81

Total 52 30 9 91

The bridges and culvert are classified into the foiloiving 10 types (see Table 7.4.1) :

Types of Bridges Width . Length  Nos. of Bﬂdges/éulver!s

(1) Railway Bridge A 30m 38 m 1
(2) Ratlway Bridge B 3.0m 25 m 2
3 Metalled Road Bridge A 7.5m 8 m i
4) Rural/Brick Road Bridge A 300r45m 38m 12
(5) Rural/Brick Road Bridge B 300r4.5m 25m 11
6) Rural/Brick Road Bridge C 300r45m- 17 m : 16
) Rural/Brick Road Bridge D J0ordsm . 12 m 39
8 Culvert; Railway : 50m 7m 3
9) Culveri; Metalled Road 75 m 7m 3
) Cuivert; Rural/Brick Road 50m Tm 3

Total 91

In addition to these bridges/culverts, the irrigation canal regulators that will be
consiructed at 30 locations, will also function as bridges.
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7.5

op_Compensation

Total land reéquired for construction of the project facilities will be 806.7 ha, out of
which 368.3 ha of land are privately owned and will have to be acquired. Another 438.4 ha
of land are government owned land (mostly existing drainage channels) and will be subject
to crop compensation, because most of the existing drainage channels are utilized for crop
cultivation. During the course of the dredging works, crop compensa.tion will be needed.
Details of the land requirement for construction works are given in Table 7.5.1.

Private land to be acquired 368.3 ha
Government land (subject to crop compensation) _ 438.4 ha
” Total 806.7 ha
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CHAPTER VIII IMPLEMENTATION PLAN AND COST
ESTIMATE

8.1 mm_gm;wm

8.1.1

Construction works of the proposed project will broadly consist of :

(1)  Flood protection works
~a)  Rehabilitation of existing embankment
(2) Drainage Improvement
a)  Diversion of Ratnai river
b) Rehabilitation and improvement of existing Regulators
¢)  Desilting works of drainage channels, creeks and beels

(3) Irrigation Development

a)  Imrigation Intake and irrigation canal system

b) Command area development with LLPs
¢}  Groundwater develepment

(4) Rural Infrastructure Improvement

a)  Re-construction of the existing bridges and construction of new bridges

BWDB will be responsible for construction of (1) flood protection works, (2)
drainage improvement works and (3) - a) irrigation intake and canal system. BRDB and
LGED will be responsible for (3) - b) command area developrhent with LLPs and (3) - ¢)
groundwater development under close coordination by BWDB..- Organizational set-np for
implementation of the proposed project is. discussed in Chapter IX (Organization and
Management).

8.1.2  Work volume

The project works are described in Chapter VII. Work volumes of these project
works are as follows (for details, see Table XIII-2.1, Page X11I-54, Volume II):

(1)  Earth works ' 14,720,000 m3

(2)  Concrete works 55,700 . m3
(3)  Reinforced iron works : - 3,050 tons
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8.1.3  Consiruction schedule

- Construction schedule is prepared under the following assumptions:

(1)

@)

(3)

@

)

The proposed project facilities will be constructed by local contractors,
Work volumes of the proposed project facilities are rather large, but the kinds
and natures of the required works are of those conumonty executed by the local

contractqrs in Bangladesh. Local contractors can undertake all kind of the
construction works.

Most of the construction works will be executed by manual labour.

Re-excavation of the existing drainage channels /creeks occupies major part of
the construction works. Use of heavy equipment is uot suitable for these
works, because transportation of such equipment to the construction sites is
difficult under the present road conditions, and also more land is required for
temporary works at the construction sites which seems to be unpractical under
the present land tenure condition. Manual execution is suitable for these works.
it will contribute to creation of employment opportunity in the area,

Construction period will be 10 years in total including 2 year period of detailed
design and tendering procedures, in due consideration of work volumes and
construction management capacity. -

Construction works will commence in the north with the diversion works of the

- Ratnai river, closing of the embankment, construction of irrigation intake

structure and irrigation main canal-A, and construction sites will then move

downwards from north to south.

Command area development (CAD) with LLPs will be executed at private
initiative immediately after the completion of the canal construction, and the
farmers will start irrigation practices simultaneously

The proposed project construction schedule is shown on Fig. 8.1.1.

8.2.1

M

2

Assumptions

Project costs arc estimated under the following assumptions:

Unit costs for major construction works are based on the "Schedule Rate for

Project VI" prepared by BWDB in October, 1989 and revised December, 1991.

Unit priccs df the items which are not included in the"Schedule Rate for Project V1"
are estimated on the basis of the prevailing market prices as of September, 1992.
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(3) The following exchange rates are used ©
US$ 1.00 = Tk. 38.8 = ¥ 125, Tk.1.00= ¥ 3.2

(4) Physical contingencies will be 15 % of the direct construction costs. Price
contingency will be 10% for local currency portion and 7% for foreign currency
portion per annum during the construction period.

(5) Land acquisition costs will be based on the latest actual compensation made by the |
BWDB's Kurigram office; i.e., Tk 110,000 per ha for private land and Tk. 50,000
per ha for crop compensation on government lands.

(6) Q&M costs during the construction period will be included in the project costs.

8.2.2  Eroject costs

"The project costs is estimated to be Tk. 2,280 million in total on a financial basis as of
September, 1992 (for details, see Table 8.2.1):

(Unit: Tk million)

Items 1LC FC Total
1. Construction Costs 728.7 3393 L0680
1) Inigation Development 581.9 2475 820.5

a)  Irrigation Intake 59.2 61.6 120.8

b)  Imigation Canals 273.6 51.9 325.5

¢) LLPdevelopment . 2173 65.1 - 282.4

d) STW development 27.8 65.5 93.3

¢)  Demonstration farm 4.0 3.5 7.5

2)  Drainage Improvement 38.2 24.0 62.2

3)  Flood Control Works 8.6 3.9 12.5

4) - Rural Infrastructure 106.0 63.8 163.8

2. Associated Costs 173.4 69.4 242.8
1) Land Acquisition 62.4 0 62.4

2}  Administration 26.1 21.6 47.7

3)  Consulting Services 60.9 47.8 108.7

4)  O&M costs during

construction period 240 0 24.0

3. Physical Contingency 109.3 30.9 160.2
4. Price Contingency 646.5 162.2 808.7
Total o 1,657.9 621.8 2,279.1

The total project cost of Tk. 2,280 million comprises Tk, 1,658 million (72%) of local
currency portion and Tk. 622 million (28%) for foreign currency portion. The total project
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costs are divided into direct construction costs of 1,068 million (479%), indirect costs of 243

miltion (11%) and physical contingency of Tk 160 million (7%) and price contengency of
Tk 809 million (35%).

Annual Operation and maintenance (O&M) costs are estimated to be Tk.6.8 million in

total as shown below :

(Unit: Tk 1,000/year)

Irrigation facilities (intake and canal system)

(1) _ . 2,037
(2) Flood embankment 1,848
(3) Drainage facilities (regulators and drainage channels) 153
{(4) Rural infrastructures (bridges) 294
(5) Administration costs of BWDB's O&M circle 2,465

Total 6,797

8.2.4

~ Annual fund requirement for the construction period of 10 years will be as follows:

Imgatlon Area (ha) Annual Fund Reguirement (TK million)

Year - LLP Total IC FC Total
1st year 0 0 0 24.3 42.0 66.3
2nd year 0 0 0 24.3 15.5 39.8
3rd year 2,180 2,162 4,342 221.5 126.4 347.9
4th year 2,110 2,162 4272 161.0 56.9 217.9
5th year 1,270 2,162 3,432 122.1 41.6 163.7

~ 6th year 2,580 2,162 4,742 201.4 66.3 267.7
7th year 2,800 2,162 4,962 235.6 77.9 313.5
Sthyear 2,660 2,162 4,822 253.1 71.7 324.8

* Oth year 4,160 2,162 6,322 326.3 90.7 417.0
10th year 440 2,166 2,606 88.3 32.8 121.1
Total 18,200 17,300 35,500 1,657.9 621.8  2,279.7
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CHAPTER IX ORGANIZATION AND MANAGEMENT

9.1 Existing Ovganizations related to Projec

Vaﬁous government agenciés are expected to participate in'the impler'nentation and
O&M of the proposed Project. Among other agencies, six (6) agericies (BWDB BRDB,
LGED, DAE, DOF and DOL) are expected to be directly involved. The pr oposed project
requires inter-ministerial coordination because these agencies belong to different ministries
and also have different functions and jurisdiction in government services. The prospective

participating agencies are briefly described hereunder.

The Bangladesh Water Development Board (BWDB), a semi—éutonomous body under
the Ministry of Irrigation, Water Development and Flood Control, is responSible for
planning and execution of water resource development s works, encompassmg flood comrol
drainage 1mprovement irrigation, town protection and river trammg schemes. Only in the
field of groundwater irrigation and minor surface irrigation with LLPs, a part of the
responsibilities is shared with the Bangladesh Rural Development Board (BRDB) and the
Local Government Engineering Departiment (LGED).

The BWDB has now a staff strength of more than 18,000 of which néarly 2,000 are
engineers. The present organization of the BWDB is shown on Fig.9.1 1. In the project
area, an Executive Ehgineer (EE) stationed at Kurigram and assisted by Sub-Divisionéll
Engineers, is supervising the maintenance works of the existing FCD facilities (see Fig.
9.1.2). The Chief Engineer (CE),'Projéct—IV, Implementation Division of BWDB, and the
Superintendent Engineer (SE), Teesta Project Canal Circle-2, both stationed at Rangpur,
have overall control. There is no Q&M office in the project area, All the O&M activities are
carried out by the EE's office at Kurigram with 49 staff in total. '

The BWDB's annual development budget (ADP) is Tk 6.499 million in totaﬂ for the
financial year of 1991/92. However, not all the allocated funds are actually released mainly

due to the regular adjustment made by the Government. It is widely recognizéd that the
major constraints of BWDB are insufficient and isregular release of funds coupled with
complicated and time-consuming land acquisition procedures consequently résulting in cost
overruns. The implementation plan should therefore keep these realities in view.
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The Bangladesh Rural Development Board (BRDB) was organized in December,
1982, to promote and strengthen the growth of UCCA/KSS/BSS/MSS system. BRDB has
now more than 1,900 staff in total. The Thana Rural Dévelopmen’t Officer and the Assistant
Thana Rural Development Officer represent BRDB at the Thana level. In the project area,
28 such officers are engaged in the field operations. BRDB is now mainly engaged in two
rural development projects in the project area; i.e., (1) the IDA-funded Rural Development Il
Project as the executing agency, and (2) the IFAD-funded Marginal and Small Farm
Systems Crop Intensification Project as one of the participating agencies. |

2.1.3

The Local Government Engineering Department (LGED) under the Ministry of Local
Government, Rural Development and Cooperatives was established in 1984 to accelerate the
rural and urban infrastructure developrﬁent activities and to provide technical support to the
Jocal government. In addition, the LGED was recently empowered to carry out small scale
irrigation development. The LGED has now 9,650 staff in total.

The Thana Engineer and his assistants represent the LGED at the Thana level and take

responsibility for planning, design and implementation of rural infrastructures and the
related civil works. In the project area, a total of 86 staff including 26 engineers are engaged
in the rural infrastructure development. At present, the LGED are undertaking two (2) on-
going projects in the project area. They are (1) the SIDA and NORAD assisted Rural
Development Praject -1V, (RD-1V) and (2) the EEC assisted Rural Development Project -

VIII RD-VD).

, The Directorate of Agricultural Extension (DAE) is the largest government agency
under the Ministry of Agriculture. The DAE was established in 1982. The prime objectives
of the DAE is to enhance agricultural productivity through training and visits. The Deputy
Director of DAE has been posted at Kurigram and supervises all activities pertaining the
agricultural extension in the district. In the project area, the DAE is represented by the
Thana Agricultural Officer at each Thana Parishad, and mainly engaged in the IFAD/German
assisted "Marginal and Small Farm System Crop Intensification Project (MSSCIP)" since
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1987. The DAE has déveloped a network of agricultural extension workers through the
MSSCIP. The agricultural extension workers, in daily contact with farmers, can expect to
play a significant role in encouraging the achievement of potential benefits from the

proposed project.

(2)

The Directorate of Fisheries (DOF) was cstablished in 1972 under the Ministry of
Fishery and Livestock. The primary objective of the DOF is to increase the production of
fish for meeting the internal demand for home consumption from both fresh and saline
water. Recenily an inter-agency agreement have been developed to give the DOF's fisheries
management responsibility in selected water bodies owned by BWDB. The total staff
strength of the DOF is 3,783 persons at present, while that of the Kurigram district is 58
persons. The Thana Fishery Officer and his assistants represent the DOF at the Thana level.

The Directorate of Livestock (DOL) is also under the Ministry of Fishery and
Livestock. The prime objective of the Directorate is to increase the pouliry and livestock
population of the country so as to meet the domestic nutritional demand and to increase the
draught power which is fast declining. The Thana Livestock Officer and his assistants
represent the DOL at the Thana level.

9.1.5  Local authoritics

The District acts the focal point of all development activities in Bangladesh, and the
Deputy Commissioner is cast in the role of Chief Coordinator.

The Thana Parishad, an elected local government bddy, is headed by the elected

chairman {(the chatrman of the former Upazila Parishad was recentIy abolished) and
comprises the elected cha_irmen of all the Union Parishads of the Thana and three (3)
nominated female members. The officers of the development agencies working in the Thana
are also members of the Parishad but they do not have any voting power. The Thana
Nirbahi Officer (TNQ), appointed by the Minisiry of Establishment, acts as the principal
coordinator of all administrative and develdpment activities in the Thana administration. An

organizational chart of the Thana Parishad is presented on Fig.9.1.3. The basic electoral
unit of local government is the Union Parishad. The Union Parishad comprises three
members representing each village and two female members nominated by the Government,
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In recent years, coordination in development planning, designs and implementation at the
Union level have been more and more emphasized by the Government.

2,2.1

The Bangladesh Water Development Board (BWDB) will be the lead executing agency
for the proposed project, and will be_ responsible for the implementation of major civil works
for the proposed FCD/I components, including:

(1) Rehabilitation of flood embankment and regulators,

(2) Re-excavation of the existing drains for drainage improvement as well as surface
irrigation water supply, ‘

(3) Construction of in‘igatioh intake structure and irrigation canal systems, and

(4) Establishment of Demonstration Farms

The Bangladesh Rural Development Board (BRDB) and the Local Government
Engipeering Department (LGED) will also be the executing agencies, being mainly
responsible for the following project components under overall coordination of BWDB :

_(5) Command _Areé Development with LLPs {(BRDB/LGED),
(6) Groundwater irrigation development (BRDB/LGED), and

(7) Rural infrastructure improvement (LGED)

Command area development (CAD) with LLPs will be made by private initiatives in
view of the recent government policy shift to privatization and successful performance of
private sector on small scale irrigation development. The BRDB will assist such private

initiatives in terms of organizing farmer groups and arrangement of credit for them. The
LGED will provide necessary engineering supports for CAD and O&M. LLPs will be
supplied to farmer gi‘oﬁps through private sector channels. Daily operation and maintenance
of the installed LLPs will be made by the farmer groups at their own costs. Groundwater
irrigation development will aiso be made by privaté initiatives on same reasons mentioned

above.
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In order to facilitate the private initiatives for CAD and minor tubewell irrigation,
Demonstration Farms will be established as one of the project componenis. Possible
development modes for CAD will be demonstrated and/or tested at the demonstration farms,
‘The demonstration farms will be established by BWDB at three (3) locations with prime
objectives of demonstrating and testing (a) institutional build-up and arrangement for CAD
with LLPs and tubewells, (b) physical planning and designs of CAD and (c) irrigation water
management for cuitivation. BRDB will be responsible for institutional aspects of the
demonstration farms. DAE will take charge of extension aspects on irrigation water

management.

In addition to the above major activities, BRDB will be responsible for organizing the
landless groups with the help of the NGOs as Landless Contracting Societies (LCSs). Such
L.CSs will be entitled to undertake 25% of the earth work during the implementation of the
project. The LGED will be an executing agency for rural infrastructure improvement.

Though not executing agencies, three (3) other agencies are expected to play an
important role under the overall coordination and responsibility of BWDB. The Department
of Agricultural Extension (DAE) is expected to provide farmer groups with agricultural
extension services, particularly for Boro cultivation. The Department of Fishery (DOF) is
expected to provide-necessary technical inputs and advises for the enhancement of inland

fishery activities particularly during the Rabi season. The Department of Lwestock (DOL) is
expected to provide the same particularly for enhancement of duck raising.

The relationship between the proposed project components and executirig agencies is

summarized on Fig.9.2.1.

9.2.2 Project implementation arrangement

Close coordination among the above govemment agencies is crucial to the successful
implementation of the proposed project. It is recommended that coordination committees
consisting the representatives from the related agencies (BWDB, BRDB, LGED, DAE, DOF
and DOL), will be established at the Centfal Bistrict and Thana levels for the successful
implementation of the proposed project. To ensure close coordination among the agencies,
there should be clear and definite "Government Order” demarcating responslbxhtles of each

agency. Follow-up actions should be regularly monitored at the central level. The proposed
coordination structure for project implementation is illustrated on Fig, 9.2.2,
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The BWDB will establish a Project Implementation Office (P1O) which will be headed
by the Superintendent Engineer, the Teesta Project Canal Circle-2, as the Project Director,
and one full-time Executive Engineer will be assigned to the field office at Kurigram. At the
Central, District and Thana coordination commiitees, BWDB will be represented by the
Member (Implementation), Project Director (SE), and Executive/Sub-divisional Engineers,
respectively. During O&M stage, the BWDB will be represented by the Member (O&M).

Similarly, the required staff will be assigned from central to Thana level at BRDB,
LGED, DAE, DOF and DOL

The Project Implémentation Office (P10) should establish a Project Beneficiary

‘Committee (PBC) in each of five (5) Thanas in the Project area, in order to facilitate close
and uninterrupted interaction between the beneficiaries and the project executing agencies.
The PBCs will consist of representatives from the government offices, Thana Nirbahi
Officer (TNO) and members of the Union Parishad and others directly representing farmers,
fisherman and the landless, and will atso include the representatives from NGOs.

During the construction phase, various construction arrangements will be addressed at
the PBCs to ensute close coordination with the local authorities and beneficiaries. The land
acquisition process will also be monitored at PBCs to ensure the smooth implementation of
the project. In the post construction phase, PBCs could also function as an effective benefit
monitoring organization, extending its functions 1o ensure the sustained operation and

maintenance (O&M) of the proposed project facilities.

In the Project area, approximately 170 NGOs are working in various sectors of
development to improve the fiving standards of the rural poor. It is considered that the
experiences and capabilities of such NGOs in organizing and mobilizing the landless and
women at the grass-root level will provide an important role in implementing various
components of the Project. The possible scope of cooperation with such NGOs shouid be
kept as ﬂexible as possible, and be examined during the initial phase of the project

implementation.

-83-



Although the proposed project is planned with a view to minimizing land acquisition
for the construction of the project facitities, it will still nced about 370 haof private land for
canal construction ih order to connect the irrigation intake with the existing drainage
channels (see Table 7.5.1). Delays and difficulties in land acquisition are, in most cases, the
most serious reason for overall delay in project implementation. In order to minimize such
possible delays in land acquisition process, the following will be taken into account:

(1) Paruc;patlon of the beneficiaries (joint monitoring of land acquisition process by
PBCs and executing agencies);

(2) Adequate compensation in cash to farmers who are to lose their land as a result of
the project's land acquisition;

(3) "Land for land" concept, whereby farmers are to become landless as a result of the
project’s land acquisition, will be provided with the alternative Iand which will be
made available through re-adjustment of land among the project beneficiaries; and

(4) Disposal of excavated soils; the excavated soil will be spread over the adjacent land.

9.3

9.3.1

The operation and maintenance of FCD/I projects is éproblem throughout the country,
It is widely recognized that many of completed FCD/I projects become inoperative within a
few years after completion mainly bécause the BWDB can not afford to finance and
implement the required O&M works. Lack of adequaie O&M has led to reduced benefits
and as a consequence to little interest of the beneficiaries in the functlomng of the projects.
At present the readiness of the farmers to participate in the O&M of the projects is not
virtually observed. The projects may be rehabilitated again, allowing the same process of
inadequate O&M, but the project benefits will never reach their intended level due to
consequent deterioration,

Such poor O&M have been recognized by the BWDB and numerous initiatives have
been launched to find effective means of improving the current O&M. These initiatives
include the System Rehabilitation Project (SRP), the Second Smiall Scale Flood Control,
Drainage and Irrigation Project (SSSFCDIP), the Land Reclamation Project (LRP), the
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Farly Implementation Project (EIP), the Land Reclamation Project (LRP) and the Operation
and Maintenance Study (FAP-13). Most of these are still at the exploratory or pilot testing
stages, and none of the approaches have been proved most effective by this time.

BWDB dloes not have sufficient financial resources to run the completed projects
efficiently. After completion of the proposed project, annual O&M costs will be
significantly increased. Qur public consultation survey indicates that most of the
beneficiaries think they can afford to pay additional taxes for the O&M works provided that
" the effectiveness of the project facilities can be visually confirmed in the field. To ease the
increased financial requirement for G&M works, various alternative afrangements should be
undertaken, taking two (2) related issues into account; namely, (a) involvement of
beneficiaries (PBCs) and (b) mobilization of local financial resources. '

Considering all the above, preliminary framework of the O&M plan is conceived
“hereunder. The plan is only indicative and will need full discussions at the field level with

local administration and also a pilot testing during the project implementation stage.

(1) Components of O&M programime

The activities to be taken up under the O&M programme will include (i) routine
operation and maintenance, (i) periodic maintenance, (1it) emergency maintenance, and (iv)

rehabilitation or re-construction.

(2) Responsibility for Q&M

Considering that the North Unit of the Kurigram FCD/I project may be implemented
&multaneously, O&M responsibility should be given 10 a circle with name and style as -

Kungram O&M Circle stationed at Kurigram, One Executive Engineer for the South Unit
and another Executive Engineer for North Unit, may be posted for the execution of the
required O&M works under the existing O&M Office of North Western Zone at Rangpur,

C0&M Division of BWDBR.

After completion of the prolect works the project facilities will be officially 'transferred
from the Project Implementation Office (PIO) to the Kurigram O&M Circle. The O&M

circle will be responsible for not only routine and periodic maintenance of the project
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facilities but also emergency maintenance and rehabilitation or reconsiruction. Terminal
irrigation facilities (1.L.Ps and terminal canal systems) will be operated and maintained by

water user's cooperatives at their own costs.

(3) Mobilization of local resources

For sustainable O&M, local resources should be mobilized. Water rate for irrigation
will be collected from the beneficiaries through BWDB or apprepriate agency as per decision
of the Government. The collected water rate for irrigation will be excl_usive]y'ﬁtiliz_ed for
O&M of the irrigation intake structures and irrigation / drainage canal systems. -Land
development tax (for improvement of flood embankment and regulators) is unlikely to be
collected under present circumstances. There is a nced to mobilize the local resources in this
aspect not only to ease the burden of BWDB but also to ensure the long-term viability of the
project. All possible means should be tested during the implementation of the project. At
least, routine maintenance of flood protection facilities will be entrasted to Union
administration with technical supports of BWDB.

(4) Instititional Framework for Q&M

In order to improve inter-agency coordination, clear and definite "Government Order”
with definite routine responsibilities is necessary, and participating agencies at the central
~ government level must monitor their field activities as part of their routine duty. The
BWDB's O&M Circle should ensure close cooperation with the related government offices
and focal authorities to provide adequate services and help to the beneficiaries in order to get
them involved in the O&M. The PBCs is expected to serve as an effective benefit
monitoring organization, extending its functions to ensure the sustained O&M of the pljoject |

facilities.
Suggested demarcation of responsibilties of participating agencies for O&M is given

on Fig. 9.3.1, and relationship between the Kurigram O&M Circle and other related
agencies / public bodies under O&M stage is iltustrated on Fig. 9.3.2.

(5) Iuigation Water Management

The Intake structure and main canal networks will be operated and maintained by
BWDB, while O&M of the terminal blocks 1rr1gated by LLPs will be made by farmer
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groups. Coordination between BWDB and each farmer group will be indispensable for
cffective use of irrigation water for cultivation,

In the Study area, each Thana office has "lrrigation Management Committee (IMC)" to
coordinate among the related agencies in development and O&M of irrigation schemes and
also to make necessary guidance on irrigation practices to the farmers, Various agencies
(DAE, LGED, BRDB, BADC) at Thana level are involved in the IMC. 1t is expected that
after completion of the surface irrigation system, BWDB will also paﬁicipate in the IMC
together with the representatives of the Px;oject Beneficiarics Committee (PBC) to discuss
O&M issues and waler management practices for cultivation.
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CHAPTER X | PROJECT JUSTIFICATION
10.1 E i lpation

10.1.1  Basic asswmption

Feonomic evaluation was basically made in accordance with the "Guidelines for
Project Assessment” prepared by Flood Pan Coordination Organization (FPCQO). The basic
assumptions applied for the economic evaluation are summarized as follows :

' (1) The eéonomic useful life of the project is 30 years,
(2) Al prices and costs are expressed in mid-1992 prices in Taka,
- (3)  The exchange rate of US$ 1.00 = Tk. 38.8 =¥ 125 is applied,
(4) . Economic pricés of agricultural outputs and inputs are estimated applying the

conversion factors prepared by the said Guidelines to the market prices in the
. project area , and

(5) Fconomic prices of project works for construction and enginecring, O&M, and
replacement are estimated same as the agriculfural outputs and inputs.

(6) Economic prices for unskitled labour wage, conversion factor of 0.65 is applied
for project works, while 0.75 is applied for agricultural inputs because of
seasonal and competitive employment for crop production.

Direct benefits by the Irrigation, Flood Control and Drainage (FCD) development
accrue from the productivity increase in the following activities :

1)  Crop production in the rainfed and existing irrigated land, and

2)  Inland culture fishery in the main channels and beels.

Direct economic benefits could be estimated as incremental benefits between the future

with (W) and without {(WQ) project conditions. In this study, the direct benefits are
estimated as one development effects by both irrigation and FCD. '

Crop production benefits accrue from the irrigation water supply to rainfed area,
improvement of existing irrigation condition, alleviation of flood and water logging, and
improvement of farming practiées and productivity. Economic net crop production values
(ENCPV) per ha under (WO) and (W) project conditions are éstimated on the basis of the
present and proposed cropping patterns, cropping intensities, and net crorp procduction value
per ha as shown in Table 10.1.1. The O&M and replacement costs for the .LLP and STW
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irrigation in the command area of 35,500 ha are accounted as a production cost in the crop
budgets. Incremental ENCPVs may be estimated as follows ;

‘ Project Total ~ Average ENCPV
Item . Ateg ENCPV Per ha
~ (ha) (Tk million) (Tx000/Mma)
1. Without Project Condition (WO) 35,500 684.1 ° 19,270
- Ra.infed area 25,700 4122 16,040
- Irrigated area 9,800 271.9 21,740
2. With Project Condition/Irrigated (W) 35,500 1,259.9 35,490
3. Increment, (W) - (WO) - 575.8 16,220
- Surface irrigation area 18,200 385.3 21,170
- Ground water irrigation area 7,500 190.5 11,010

- Rainfed area -25,700 - -

In addition to crop production, the project will increase the productivity of culture
fishery using the increased water bodies of main channels and beels where year round and
fresh water will be available. Economic net fish production values (ENFPV) per ha under
(WO) and (W) project conditions ate estimated on the basis of the future effective area of
water body with 460 ha. Incremental ENFPV is estimated at Tk 204,900 per ha or Tk 94.3

million in total.

The farm land acquired for the project is estimated at around 799 ha for the surface
water irrigation and 8 ha for the Ratnai diversion channel. The annual production foregone
as negati‘)e benefit is defined as an annual net return under the future (WO) project condition
in the farmland. The production foregone in the Ratnai diversion channel is atlocated to the
surface and STW irrigation components according to the proportion of respective irrigation
area. Allocated production foregone at the full development slage is estimated at Tk 15.5
million for the surface irrigation and only Tk 0.08 million for STW irrigation.

Incremental develdpment benefits comprising crop and fishery production will be
expected to increase year by year according to the implementation schedule. It is assumed
that the built-up period to achieve full benefit is five (5) years after the completion of
physical works (first year 20% rising by 20% increment per year). The benefit flow in the
project life of 30 years is prepared in Table 10.1.2 according to the annual development

area,
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10.1.3 Economic ¢osis

The financial costs consisting of (1) construction cost for project works including
personnel power, materials, equipment and Iand acquisition, (2) physical contmgency, ®
engincering and administration costs, (4) operation and maintenance (O&M) cost, and (5)
replacement cost are converted to the econormic costs by applying specific conversion factors
prepared by the Guideline for Project Assessment. The economic project costs for the
surface and STW irrigation as well as FCD components are summarized as follows :

Ttem Surface STW . FCD - Total
Irrigation Irrigation Components
1. Project Area (ha) 18.200 17,300* 35,500 35,500
2. Project. Cost (Tk miliion) 893.2 618 - 820 1.043.0
- Construction 667.7 59.0 52.0 788.7
- Physical contingency 100.2 8.8 93 118.3
- Engineering & administration 125.3 0 10.7 136.0
3. Cost Perha (TkC00) 49.1 9.0 2.3 294

Note : existing irrigated area of 9,800 ha is included.

The economic cost for FCD components is allocated to the sufface_ water and ground
waiter (STW) irrigation components according to the proportion of respective irrigation area.
The annual economic cost flow is prepared on the basis of the implementation schedule as
shown in Table 10.1.3.

10.1.4

Economic evaluation is made through the estimation of (1) Economic Internal Rate of
Return (EIRR), (2) Net Present Value (NPV) and (3) Benefit - Cost Ratio (B/C) both at the
discount rate of 12% as shown in Table 10.2.1. The surface water and STW irfigaiion
componenis are cvaluated taking the FCD benefit and cost into account. The evaluation

result is summarized as follows ;

Itemn o Surface hrigation ~ STW Irrigation Total

& FCD & FCD
1. EIRR (%) 24.0 63.9 28.5
2. NPV :
Benefit (Tk million) 1,521 651 2172
Cost (Tk million) 602 67 - 670
3. Benefit-cost ratio : 2.5 9.7 _ 3.2
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in order to evaluate soundness of the project against possible adverse changes in the
future, sensitivity analysis is made as follows :

_ (Unit: %)
Case Surface Irrigation STW Irrigation Total
Case 1:Project cost overrun by 20% 214 57.4 25.5
Case 2:Benefit decrease by 20% 20.5 55.8 2.6
Case 3:Delay in construction for 2 years 18.6 414 207
Case 4:Combination of Case 1 and 2 18.1 50.0 21.8
Case 5:Combination of Case 1 and 3 16.7 38.0 19.6
Case 6:Combination of Case 2 and 3 i6.0 372 ' 18.9
Case 7:Combination of Case 1, 2 and 3 14.3 34.0 17.0

10.2

In order to evaluate the project from financial aspect of farmers, farm budgets for
landless, small, medium, large and very large farmers were made under (W) and (WO)
project conditions. Average operated land sizes for the respective groups under the different
flooded conditions (FO, F1 and F2&3) in the Study area were clarified by the result of
Socio-economic Baseline Survey. Farm budgets are prepared on incomes from agriculture
and non-agriculture, and expenditures for agriculture and others including living
expenditure. Project impact analysis ‘on income distribution was made on the basis of the

following changes in the respective household economy :

1) Increase in_agriCultural income through increase in agricultural productivity,
employment as a farm Jabour ; agricultural employment income is estimated at Tk
400 fyear for landless household,

2) Increase in non-farm income through project construction employment ;
construction employment income is estimated at Tk 600/year for landless
household during construction period of 12 years,

3)  Increase in agricultural production cost for surface water and STW irrigation as
well as farm inputs, and

4) Increase in living expenditure according to increase in the household income ;
increase in living expenditure is estimated at 30% of the incremental net income

for the respective group household.

For the project impact analysis on the respective groups, the development impact to the
rainfed farmers to be ir_rigat‘ed using surface water (LLP) and ground water (STW) in the
Study area are considered. The farmer beneficiaries under the surface water irrigation (LLLP)
will receive more irrigation benefit than the STW beneficiaries. The incremenial net reserve
of LLP beneficiaries will be 1.2 - 1.6 times to those of STW as follows :
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{Unit : Tkfyear)

Item Landless Small . . Medium Large  Verylbarge  Total
(<0.2ha) (0.20-0.5ha) (0.6-1.9ha) (2.0-3.9ha) (4.0ha<)

(1) EO Area
{(WO/Net reserve) 200 6,860 17,990 49,350 91,150 7,080
(W/Increment) .
-LLP 1,700 8,580 19,070 45,300 74,530 9,040
- STW 1,400 5,550 12,100 28,170 45,500 5,860
- Ratio 1.2 1.6 1.6 1.6 1.6 1.5
(2) F1 Area
(WO/Net teserve) 270 2,250 10,970 29,310 64,970 4,170
{(W/increment) _ '
-LLP 1,620 4,500 11,850 25,870 46,250 5,920
-STW 1,400 3,390 8,600 18,420 32,130 4,380
- Ratio 12 1.3 14 1.4 1.4 1.4
(3) F2&3 Area _ _
(WO/Net reserve) 60 130 6,840 13,170 38,510 900
{Wilncrement)
o -LLP 510 4,210 15,100 26,290 56,270 6,100
- STW 370 3,110 10,670 18,470 40,000 4,450
- Ratio 1.4 14 1.4 . 14 14 14
(4) Total Area/Average .
(WO/Net reserve) 250 3,770 13,890 35,540 73,610 4,910
(W/ncrement) S o -
-LLP 1,150 5,690 13,680 35500 54,060 6,480
-STW 040 4,010 9,020 20,930 - 34,770 4,420
- Ratio 1.2 14 1.5 1.5 1.6 1.5

The payment capacity of beneficiary farmers for the direct construction and O&M
costs 13 assessed on the basis of their incremental net reserve between (WQ) and (W) project
conditions. It is concluded that the required water éllarge be supplemented by the less than
30% of incremental net reserves and be reasonable for the respective group as follows :

ftem Landless Small . Medium Large  Very Lérge Total
(<0:2ha)  (0.20-0.5ha) (0.6-1.9ha) (2.0-3.9ha) (4.0ha<)

(1) Water Charge (Tk/year)

F0 Area 165 1,636 3,575 9232 15654 - 1,719

F1 Area 206 1,060 3,108 7112 13,483 1,472
F2&3 Area 123 978 3,963 6,988 14,543 1,472
Total Area 165 1,266 3,510 7,966 14,543 1,554

(2} Share of Water Charge (%)

within Incremenial Net Reserve

PO Area 10 19 20 20 21 9
F1 Area 13 24 26 27 29 25
F2&3 Arca 24 23 26 27 © 26 24
Total Area ‘14 22 26 25 27 24
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The project implementaiion will increase employment opportunity at several phases in
the Study area: The increase in agricultural produciivity will require more farm labour
inputs. Annual e:_nployment increased under the (W) pfoject condition is estimated at around
1.8 million man-day. The project works will accrue construction labour employment from
0.9 to 2.0 million man-day during the 3rd to 9th year of the project life. The O&M activities
will need 120,000 man-day /year. In addition, increased production will accelerate agro-
based industries and marketing activities, The employment at industrial and service sectors
will be also increased.

10.3.2 Increase in land value

Economic value of land will be increased by the project im’piementation.through
change of rainfed land to irrigated. 1t will increase the value of land assets as a mortgage
and the larger land owners will have more monetary power in the future. On the contrary,
marginal farmers such as landless and small farmers will be hard to acquire farm lands
because of increase in land price. It is assumed that income imbalance between marginal and
1arg¢ farmer groups be enlarged without socio-economic incentives to the marginal farmers
~ such as improvement of leasehold tenancy (change from present share tenancy to fixed rent),
promotioh of agrarian reform, especially to absentees’ land, and increase in non-agriculturai

year-round employment.

16.3.3

Existing bridges over the proposed main channels in the Study area will be newly
constructed and accessibility between right and left bank areas be improved. Improvement
of rural road network linked with the bridges or between villages and local markets could be

accelerated in the future.

10.4

Probable negative impacts on FCD/I development in the Study area are listed along

with their ranks of maginitude as shown below
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List of probable negative impacts and mitigation measures Impact level

(D Environmental degradation from increased pressure on land: low
Mitigating meaures:Monitoring reseltiement to balance wuh the carring capacities
of land, increased productivity from agricultural lands.
(2) 1.oss of land from inundation: low
Mitigating meaures:Increasing cultivation of HY'V crops in irrigated and protecled
_ area to offset losses.
(3}  Water logging from irrigation water: low
Mitigating meaures:Number size and location of sluice gates as reqmrement to
TEMOVE eXCess water quickly, proper operarion of gates.
(% Salinization of soils from water logging: none
(5)  Increased soil erosion: none
6) Reduction in floodplain agriculture: none
() Clogging/choking of canals from sedimentation: muoderate
Mitigating meaures:Monitoring sedimentation at critical or poiential sites and
overall management of canals to minimize sedimentation,
@& Changes in natural vegetation cover; " moderate
Mitigating meaures:Afforestation on the embankments and encouragement to p!ant
homestead irees, introduction of new species.
9) Loss of wildlife habitat: moderate
Mitigating meaures:Monitoring the increase of pests and rodents and devicing
biological control of these by introduction of different animals or birds.

(1 Adverse effect on fish habitat; moderate
’\/Imgatmg meaures: Provision of fish ladder and other passageways, protection of
spawning grounds, alternate development of reservior fisheries.

(1)  Effect on human settlement pattern; R
Mitigating meaures:Due to the absence of flood, homestead may be built anywhere
uncrouching valuable agricultural land. Effective land use zoning laws should be
devised so that new homesteads are built toward the existing towns leaving the
agricuitural land.

{t2) = Displacement of people due to canal construction: low
Mitigating meaures:Relocation in suitable land, comoensation in kind and cash, '
simultaneous provision for creating non-farm income generating opportunities.

(13)  Problem of resettlement of dlspidced population: low
Mitigating meaures: spec1a! provision for khas land distribution, compensallon and
simultaneous provision for creating non-farm income generating opportunities.

(14  Problem in circulation network (roads, waterways): low
Mitigating meaures: Afforesiration of roadsways by the programme such RDRS :
model utilising the labour from the villages for rural road maintenance.

(15) Reduction of downstream navigation potennals none
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(16)
(n

(18)
(19)
(20)
@n

(22)

1.oss of historic and cultural ffeatures:

Deterioration of water quality:

Mitigating meaures:Removal of stagnant water by more sluice gates and proper
operation.

Increase in incidence of water related disease like malaria:
Increase in water born discases like diarrhoea;
Sanitation/drainage & garbage disposal in urban areas:

Potential for siructural failure:
Mitigating meaures:Afforesirtion on the embankments, restriction on settlement

on embankment, monitoring the physical condition of the embankments and river
training.

Problem of downsiream flooding:
Mitigating meaures: Taking up of similar flood control projects in the affected area

none

moderate

TIone
none
none

maoderate

low

The proposed project has no negative impact with high magnitude. However, some

items have negative jmpacts with moderate magnitude. These should be monitored and

evaluated during and after the construction of the project.
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CHAPTER XI RECOMMENDATIONS

The project area is one of the poorest districts in Bangladesh, and its economic
performance has been stagnant. The situation would get worse wiih increasing population
and decreasing per capita production level unless cotrective measures are undertaken. The
Kurigram FCD/1 Project was initiated in 1969/71. Only flood embankment and drainage
sluices were constructed, and irrigation component has been left undeveloped so far.
According to our public consultation survey, farmers are anxious to have irrigation facilities
among others to improve their agricultural activities. The proposed project is verified to be
tcéhnically sound and economically feasible with overall EIRR of 27.6%, and considered

eligible for early implementation.

However, since there are many other FCIV/I projects thronghout the country including
those newly identified by the FAP studies, the implementation priority of the project should
be examined in a long-term FCD/ development programme of BWDB,

For the successful implementation of the proposed construction works, various
additional surveys and investigations should be made by the BWDB. These comprise
geological and soil mechanical investigation at the proposed site of regulators and bridges,
materials survey for embankment, canals, and related structdres, topographic survey for
designs of command area development (CAD) with LLPs, and groundwater potential survey

by pumping test.

The topographic maps covering the project area are too old to use for the detail desi gn
of the project. Only the aerial photos which were taken in 1990, are available at present. In
order to ensure the early commencement of the project, the photo mapping with a proper
scale should be prepared as early as possible. It is recommended that detailed design should
be undertaken based on the newly prepared photo maps. The financial arrangement for the
detailed design including preparatidn of tender documents would be needed in advance of
the commencement of the construction works.
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11.3  Land_Acquisition

According to FAPl—IS, land acquisition is the most time-consuming facotr for project
implementation. Although special atlention was paid to this in the project formulation, about
800 ha of land is still required for construction of the project facilities. The land acquisition

should be commenced as early as possible in advance of the commencement of the
construction works.

Serious river bank erosion is observed at Moglbasha, Chilmari and Kishorpur,
However, the erosion protection works at these sites are not included in the proposed
Project as agreed between BWDB and the Study Team (see Attachment-8), mainly because
such works are rather urgently required and should not be delayed until the proposed project
be implemented. The required erosion protection works are tentatively studied as described
in Appendix-X. It is hoped that our suggestions for the erosion protection works would be
useful for BWDB. |

The Rainai river diversion works will cause land acquisition problem for construction
of the diversion channel (3.5 km). Much efforts should be made to solve the problem
through a series of public consultation and focus group discussions. The drainage
improvement works subh as construction of additional regulators and re-excavation of the
ekistin‘g channels, creeks and beels should be made in paraliel with construction of irrigation
canal network, because most of the existing channels are connected with the existing

regulators and will be utilized as irrigation canal.

In order to improve the existing drainage condition as much as possible, it is
recommended that LLPs should be operated for dual purposes - irrigation and drainage - by
interchanging suction pipe with delivery pipe. The LLP should be used for irrigation of rabi
crops during the dry winter season, while used for drainage of excess water during the
Monsoon season. This operation would contribute to the improvement of drainage in
sporadically inundated area in particular. This should be tested at the proposed

demonstration farms.
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Installation of tubewells for groundwater irsigation development should be made by
private initiatives in view of the government policy shift to privatization and successful
performance of private sector on tubewell development in recent years. Instaliation of LLPs
for surface irrigation system should also be made by farmers groups on the same reason.
For successful implementation of CAD, the government supports should be extended to the
farmers in particular for organizing farmers groups, arraugement of credits and technical .
guidance in construction and O&M. These supports should be made by BRDB and LGED

under close coordination with BWDB.

Thé command area development v@ith tubewells / LLPs will be made by private
initiatives, and development modes and pump size will be ﬁﬁaliy decided by the farmers
theniselve_s. In order to suppoit such private initiatives, it is strongly recommended that
demonstration farims be established in the Project area and operated jointly by BWDB/
DAE/BRDB. The "Demonstration Farm" should have the following objectives :

(1) institutional build-up and arrangement for command area development (CAD),
{2) physical planning and design of CAD and.
(3) irrigation water management for crop cultivation.

" ‘The demonstration farms will provide the farmers with appropriate technologies
applicable for CAD in the area. The demonstration farmos should be established gradually in
parallel with the irrigation canal construction so that the farmers can utilize the surface water
by their own responsibilities making reference to the demonstration farm operation. -

BWDB will be the lead executing agency for project implementation, and other
agencies such as LGED, BRDB, DAE, DOF and DOL are expected to participate in the
proposed Project. It is recommended that in order to ensure close coordination among the
agencies, an inter-ministerial coordination éommittee comprising MIWDEFC, MOLGRDC,
MOA, MOFL, Planning Commission and MOF be established, and the "Government Order”
demarcating responsibilities of each agency in project implementation shonld be set out
before the commencement of the construction works.
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The project will develop a vast perennial water body through the development of the
surface water irrigation system and the improvement of the drainage system. 1t is clarified
through the Study, that inland fisheries development is technically and economicalty sound;
among the proposed development fnodes, duck-cum-fish culture is much attractive. In the
early stage of the project implementation, both fisheries development should be tested and
demonstrated as a pilot testing scheme in the project area..

Irrigation water resources in the Central Tract is mainly dependent upon surface water
resources in the Dharla river, supplemented by groundwater resources.” A considerable
portion of the groundwater resources in the Central Tract remains potentially even after the
commencement of the operation of the project. These resources should be reserved for the
time being and further exploited for potable and cottage industrial water supplies in the
future which are subject to high water quality.

The existing regulators have been operated mainly to drain excess runoff and to protect
backflow from external rivers, and sometimes, have caused excess drainage due to mis-
operation at the late monsoon season. After the completion of the project, all the regulators
should be more severely operated for the dual purposes, irrigation and drainage. In
particular, the gate operation during the late monsoon season should be made severely to use
runoff water effectively for irrigation and to avoid excess drainage. In this view, it is
recommended that the BWDB prepare the operation rule for each regulator and to train the

employed gate kecpers before the commencement of the project
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Table 1.2.1  List of Personnel Participated in the Study

BWDB loffcial' (including counterpart Dersonnel)

(1)
@
3
@)
(5)

NO!
(D

@®

o)
(10)
an
(12)

(13)
(14)

(15}
(16)
(17

Mr. Liaquat Hossain

Mr. Md.Afazaddin

Mr. Eman H. Khan

Mr. S$.A.M Rafiguzzaman

Mr. A.K.M. Anisur Rahman

Mz, Y. Haroon

‘Mr, Mohendra Chandra Dey

Mr. Fakrul Islam

Mr. Md. Akhtar Alam

“Mr. Md. Raihan Ali Miah

Mr. Md. Aminui Haque
Mr. Mukhlesuzzaman
Mr. Md. Quamruzzaman
Mr. Ashraf Ali Khandokar

‘Mr, Minarui Islam

Mr. Anwar Hossain

Mr. Md. Shahabuddin

Chief Engineer,Planning
Chief Engineer,Design If
Director,Land and Water Use
Directer,Planning (peneral)

Superintending Engineer,
Teesta Project Canal Circle - 11

Executive En ginéer, Planning (general) (Counterpart)
Economist,E.P.Directorate (Counterpart)
{Counterpart)

{Counterpart)
(Counterpart)

Dy. Chief Agronomist,
Directorate of Planning (genaral)

Executive Engineer,F.P.C.0.,Dhaka
Executive Engineer, WARPO(MPO),Dhaka
Executive Engineer,Negotiation Cell
Executive Engineer,Design V

Executive Engineer,Kurigram

Soil Scientist (Counterpart)
Soil' Survey Officer (Counterpart)
Civil Engineer

" Sub - Divisional Engineer

JICA Advisory Commitige

(1) Shoichiro Nakagawa Chairman,JICA Advisory Committee
{2) Hideaki Se.kioka frrigation / Drainage
(3) Akira Ohtsuka Agriculture

JICA Study Team _
(1) H. Yamamoto Leader / Irrigation & Drainage
(2) N. Ariga ' Agricultaral Economy / Institutional Planning
{(3) Y.Kocbayashi Meteorology / Hydrology
(4) N.Morioka Agriculture / Soil and Land Use
(5). M.Tatebayashi Soil Mechanics an;i Fundation
(6) F.Tamura Facility Plan - Headwgrks
(7) Y. Inoue /J. Nakagawa Facility Plan - Pumping Station
@®) K. ’Tsu_aﬁura Topographic Survey -
(O KBS. Rasheed Environmentat Assessment

(10) M.A.L. Sarker Inland Fishery
(11) Y. Fukasaka Project Evaluation

T-1



Table 3.5.1  10-day Mean Discharge at Kurigram (No.77)

) ) (Unie : m3!§u:.g
B R e e i .
Apr. May June July Aug. Sep. - Oet. Nov, Dee, . Jan, Feb. Mar.
1973 15t 13.0 148.7 395.7 5111 760.0 360.4 3845 2813 1991 165.9 1558 13571
Zod 124 2528 6152 3949 6510 565.1 434.1 6.5 1840 - 1645 148.1 1322
3rd 135.1 2404 7253 529.5 426.8 479.9 353.1 218 1713.7 162.9 }40.6 1351
Mean 1201 2148 5788 480.1 6066 4685 180.3 250.0 185.2 164.4 148.7 1344
1974 1st 104.7 3168 7705 2776 30086 24950 14813 3105 1650 1381 1064 92,5
Ind 167.5 6749 6911 1,867.1 10635 1709 806.l 2336 166.3 P60 600 86.0
4 197.6 4289 . L7628 26361 L0053 20096 9595 193.3 1528 116.9 94.6 82,0
Mean 156.7 a7t 1 0M8 24318 L6703 22252 L0784 2458 161.1 1267 100.7 86.7
1975 Ist 9.4 9.0 W14 13561 16958 13803 11466 3385 . 1820 145.2 128.4 1083
md 914 120.7 %39 10688 799.0  1424.1 9.5 2341 . 1706 1358 121.9 1022
3rd 1006 1393 10042 21120 9916  1,iB36 4998 1972 1564 1219 1131 949
* MWean 95.5 193 5265  LS36 L1566 13293 7793 25646 169.2 136.0 121.4 1016
1976 st 974 198.7 4108 17235 L1985 686.3 4127 164.6 142.0 9.8 739 602
: 2nd 93.5 260.7 9787 14944 12137 5610 2725 155.4 1205 384 68.3 559
rd 1097 2478 TEI4 9831 L1453 5022 199.4 1419 i07.0 80.0 64.3 534
Mean 100.2 236.1 7188 13869 11845 583.1 9138 154.0 1227 - 88.1 69.2 56.4
1977 1s 785 201.1 5144 T685 8220 10577 £31.5 2499 138.6. 1079 1168 99.1
nd 1306 02 8513 10789 L49t6 1250 5182 2097 1210 1240 1125 93.6
Ard 1385 317 8367 1,2355 L6003 7817 3124 161.6 1073 - 1224 1062 863
Mean 115.9 M4 7542 1,0343 13144 8548 5615 2071 1218 1182 122 928
1978 st 9.5 L7E 2189 8385 961.0 5724 6037 294.2 206.5 170.2 1444 1246
nd 2.8 128 731 1,693 T13.2 869.6 5006 - 2557 190.7 158.9 1424 1163
3rd 042 1353 7497 . 10964 6078 9217 U85 23982 1794 1512 1322 1083
Mean 855 1515 4472 L0MS 755.5 7899 4792 263.0 1918 1598 140.2 1163
1979 st 94.7 1198 963 380.4 6246 . 8493 643.6 241.1 2023 1432 111.2 1099
2nd - 916 1513 1325 4387 434.1 1956 5903 2117 173.9- 1267 106.1 97.3
3rd i02.6 134.4 1713 792.8 20,7 4418 12238 1905 . 157.8 1170 103.6 96,5
Mean 98.3 1371 133.4 5435 . 5973 6956 5125 244 173 1286 1071 1011
1986 Ist 1186 2291 6474 16951 418227 30300 20667 5827 280.5 1728 136.8 96.1
2nd 157.0 4250 19002 33827 62687 29102 11264 4155 314 157.1 1243 934
Ird 172.6 4529 2300 4ATIT ALY 15858 9150 3395 1996 1487 1064 838
Mean 169.4 1433 16392 32268 49081 2342t 1,3547 4459 235.9 159.2 123.7 909
198} ist 531 771 1380 - 9955 10293 L0345 4575 188.9 135.6 1140 949 857
2ad s19 1244 148.1 #3095 9016 8952 1906 1668 1431 1073 010 828
3ed 70.7 113.5 2824 10525 10720 550.8 2242 151.1 1222 100.0 88.2 50.4
Mean 585 1053 159.5 9627 10032 826.9 320.9 1689 130.0 106.9 923 $6.4
1982 i 757 919 1393 12921 12015 5198 4518 2290 150.5 1138 932 807
2nd 78.4 1144 3764 1,7987 516.1 988.3 014 - 1799 134.0 104.1 87.9 152
Ird 984 959 . §200 11,8170 408 10756 2803 1633 123.6 979 88.7 8038
Mean 84.2 102.5 482 16417 7512 867.9 3424 90,7 135.6 105.0 90.0 9.0
1983 ist 85.5 161.8 3397 13141 9810 995.4 701.8 240.0 149.4 119.1 9999 77.1
2nd 717 2052 4696 5909 6643 16056 5345 1993 135.1 132 0.0 )
3rd 79.4 2569 8266  -990.9 9535  1,308.7 3679 168.8 1286  -999.9 76.2 68.4
Mean 80.5 2160 5453 9999 8692 1,3032 5294 202.7 1374 . 9999 9999 724
1984 In 44.7 782 4195 68%) 7589 646 4197 2560 161.1 1332 974 853
: Ind 420 1327 7120 19555 3666 © 1,080.8 300.5 216.2 1556 116.7 937 80.6
3d 524 374.8 5930 L0387 4716 . B130 4082 1883 144.7 1023 90.7 78.0
Mean 46.3 202.7 575.2 931.0 5307 B45.1 380.1 220.1 155.4 1169 96.0 312
1985 Ist 80.0 1232 8516 13205 10600 12702 696.0 244.8 145.6 - 148.1 101.3 3.6
Ind 79.6 1771 5745 15450 630.5 547.8 205 | 1988 1403 1241 922 7.5
3d 116.9 213 8746 19658 9821 286.6 4125 1652 1479 114.6 86.8 74 -
Mean 95.2 1715 7669 16219 9102 10349 538.8 2029 144.7 1285 93.9 767
1986 st 1053 1926 2284 L0007 LIS 10383 657.8 W02 1248 1.9 123 38
 2nd 111} 187.6 4277 9419 5188  1,2174 628.1 1664 .7 803 69.7 86.1
Ird: 126.8 1797 6997 9999 §03.3 1870 3288 1509 $9.5 7.1 68.4 83.2
Mean 1144 1864 4519 981.4 3309 10144 5315 172.5 1.6 802 70.3 3.1
1987 st 72.7 136.8 2159  1,6599 16915 10389 $34.1 2372 127.2 820 716 719
2nd 65.0 1377 3693 LITO2 23127 LODG 167.8 1820 109.1 843  68.1 7.8
3rd 26.6 1258 8406 - 1,553.7 7862 L0115 430.1 1518 962 78.8 734 644
Mean 4.8 1332 4752 14842 L5706 10188 5403 1903 1104 836 70.9 69.2
1988 - 1st 52,7 856 3355 L4867 10613 2,430 660.0 135.6 9.4 B2 678 618
2nd 59.2 1456 3541 14735 16449 L4416 3809 1.6 95.8 032 66.5 599
3rd 97.6 2010 6723 16154 13,2184 746.1 209.0 100.2 39.6 760 74.2 58.5
Mean = 698 1178 4539 15281 20150 15102 4099 1158 948 . 727 692 60.3
1989 st 54.3 63.5 6256 13971 7450 . 1,1064 860.8 2164 109.7 878 734 680
2nd 526 68.3 9639 1,568.5 8155  1,155.0 5219 160.2 160.3 81,8 7.0 661
Ird 522 g 7943 10798 L0090 13140 1326 . 1330 97.1 8.4 70.0 65.8
Mezn 53.0 157.0 7946 13396 8650 1918 5640 1699 102.2 825 723 66,6
190 st 712 189.3 8872 Li802 1,203 9676  1,4007 2763 1409 . 1078 7108 540
ng 1017 2944 9988 1,589.2 14749 12472 10300 2070 1159 87.1 ‘624 49,0
Frd 128.0 3255 13418 L6LLE 13073 14146 4537 . 1682 g7.1 764 56.3 48.3

Mean 1023 2TE5 L0959 14652 13285 12098 9480 2i7.1 1173 90,0 63.6 304
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Table 3.10.1 List of Existing Rural Infrastructure

Rural Infrastructures Unit Kurigtam  Rajarhat ~ Ulipur  Chilmari  Lalmonirhat
. Road
Metaled km 49 18 30 10 32
Unmetaled km 170 216 200 263 209
Total km 219 234 230 273 237
. Market :
Category A nos 7 3 2 2 )
Category B nos 0 14 0 0 0
Category C nos 14 4 .32 4 28
Total nos 21 21 34 6 30
. _E_d_ucgﬁon
Primary Schoel nos 70 74 117 63 76
Secondary School nos 20 15 29 8 33
_College nos 3 1 3 1 3
Madrasha nos 101 30 133 54 23
Total nos 194 120 284 126 135
. Heaith - .
Hospital/Thana Health Complex nos 1 1 1 i 2
Union Health Care Centre nos 3 2 1 1 4
Medical Asst. Training Centre  nes 1 0 3 0 0
Family Planning Clinic nes 6 2 8 6 8
Veterinary nos 6 2 i 1 1
Total nOS 17 7 14 9 15
. Library nos 2 i 1 0 2
. Community Centre n0s 1 1 1 0 2
. Post Office (Telegram} nos 10 9 25 7 i
. Cinema Hall nos 4 I ! 2 3
. Water Supply”
Deep Tube Well nos 3 0 0 0 2
Overhead Tank 10s 2 0 0 0 0
Piped Systemn km 23.2 0 0 -0 6.3
‘Shallow{Hand) Tube Well nos 1,375 1,324 1,000 1,047 1,200
Tora DSP Pump 108 128 4 20 23 15
'10. Electrification 1n0s 3,020 931 483 3.482
{(Nos.of Consumer) {Kurigram + Rajarhat)
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Table 3.11.1 Existing Drainage System

{1} Existing Drainage Regulator

. : Ven!
Name River Number Size Sill levet
(m) (m)
I.  Dharla River Side
i, Ratnai Ratnai River 8 1.52x 1.83 25.38
2. Siramari Ramai River 3 152 % 1.83 23.75
3. Palashbari Deserhater Chhara 2 1.52x 1.83 22.85
11 Bfa.hmaputra River Side
4. Malbhanga “rrigation Canal 16 1.52 % 1.83 21.80
5. Bamni Barnni River 12 1.52x 1.83 21.45
6. Bammni Add. Bamni River 3 1.52x 1.83 21.36
7. Magurabeel Buri Teesta River 3 1.52x1.83 21.03
8. Chilmari Buri Teesta River 10 1.52x 1.83 21.03
1}, Teesta River Side
9. Harichari Mathailer Chhara 2 152 1.83 20.12
10. Kishorpur Buri Teesta River 12 1.52x 1.83 -22.77
11. Gharialdanga  Buri Teesta River 2 1.52x 1.83 24.38
(2) Existing Pipe Sluice
: “Dimensions '
Location Diameter Lengih Type Remarks
1. Char Modajdzajasara I.1m 18.7m RC Pipe, Flap Gate _Good Condition
2. Bhelakopa 1.0m 23.0m RC Pipe, Stop Log - To be included in
Secondary Town
Protection Project
3. Hingul Ray 1.0m 19.0m RC Pipe, Stop Log - ditto -
4. Dalan 1.2m 18.8m RC Pipe, Stoplog Tobe rehabilitated to
Flap Gate
5. Raniganj 12m 20.5m RC Pipe, Stop Log - ditto -
6. Chasler Bil 1.2m 31.8m  RC Pipe, Stop Log - ditfo -
7. Hokadanga 1.0 200m RC Pipe, Stop Log - ditto -
8. Karpura 1.0m 20.0m RC Pipe, Flap Gate  Good Condition
9. Rati 1.0m 200m RC Pipe, Stop Log  To be rehabilitated to
. Flap Gate
£0Q. Chatura 1.0mx 5 nos. 20.0m Steel Pipe, Open To be reconstructed .
i1. Lakhlarpara 1.0m 20.0m RC.Pipc,Flap Gate To bc constructed
{proposed) ' :
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Table 6.1.1 Irrigati'on Water Requirement

fand MNane of Crepped Tar. ~Fab W
Type Crop Area (%) I 2 3 i * 2L Apr. May . Jun. Tol. Aug. Sep. Oct. Nov, Dek. Requurgment
Mustar/Onion 257 | 288 [ 538 | 359 TRt N e 1.3 ! 2 43 1z 13 I T 2173 ! I T2 3 i 7 '3 11 1.2 1.3 1 O - {mm)
. 1795 1 018 ] 020 | 023 | 025 | 026 | 026 152 | 151 23
BorofTAn) s 256 | 1015 | 1465 | 768 | 504 | 800 40 039 | 000 | 000 | 150 | 345 | 18 | 000 S R e 4
T Aman 12 | 075 | 103 | 055 | 056 | 056 | 0.34 | 003 | 0.00 | 000 [ 011 ) 024 | 008 | 00D : 45
17.95 ) _ 195 | 808 | 866 | 220 | 348 { 163 | 000 | 000 | 000 [ 380 | 720 ) 636 | 519 | 391 541
T Boro s T T e oo 7955 a6 | oe T ao6 550 | 542 | 104 | 606 | 000 | 600 Gd | 057 1 08) J 015 ] 024 1 011 | 000 | 000 | 040} 027 | 050 ) 045 | 036 | 027 . 38
A 1538 004 [ o6t | 079 | 041 | 043 | o4z | 053] 052 | 0se | 053|034 | 006 | 0.00 | 000 | 000 ' 95'55
1538 195 | 808 | 866 | 220 | 348 | 164 | 000 | 000 | 000 [ 380 ] 7201 636 | 519 [ 391 541
Y —— YT BT BT 012 | 048 [ 052 [ 013 | 021 | 010 | 000 | 000 | 000 | 023 | 043 | 038 § 031 } 023 : : 7|
1282 | o4 | oo | 005 | eas : ' Soo | 000 Rl v iy b
o - : |28 o fuss | o 000 | a0 | a7 | 331 | 20 073 | 000 | 000 | 0o : : A1) 03 | ot 2
0% Vi R B XN B ETR TR ror T e ; 541 059 | 001 | 0 11 005 } 018 ] 012 | 0041 000 | 000 | 0.00 17
- - - 35| 198 272
1795 014 1 018 | 023 | 025 | o2z | 029 § 030 ’ (1) 10 | o 19
tots 000 | 000 | aoo | 000 | oo § 000 | 000§ 000 | 000 | 000 | 0.00 | 000 : ’ ' 0
A 1795 000 | 000 | 060 ] 000§ 000 | 000 | 000 | 000 | 0.00 [ 0.00 | 000 [ 060 0
Aman 1795 : _ 180 | 840 | 939 ] 348 3 167 | 000 § 000 { 000 | 380 | 720 | 697 [ 614 | 498 | 366 57
S : T B T EEXT BT T : 013 | 050 F 060 | 024 | 012 | 000 ] 000 | 000 } 027 | 050} 040 | 043 | 035 | 026 £2
1795 | 618 | 020 | 023 | 025 | 026 | 026 : : onn | on | o T
Boro 256 | 1075 | 1465 ) 788 | 804 | 803 | 489 | 039 | 000 | 000 | £59 | 345 ] 118 000 : ; " - 2
1795 018 L 075 | 103 | 055 1 0.56 056 | 034 | 003 | 000 | 000 [ 011} 024 | 008 § 000 45
T, Aman 195 | 308 | 866 | 220 | 348 | 164 | 000 | 000 | 000 | 380 | 720 { 636 | 5.9 | 391 ' 541
17.95 : N 014 | 057 1 061 | 015 | 024 1 011 | 000 t 000 | 000 | 027 | 050 | 045 ] 036 | 027 38
Pulses . 180 | 221 | 293 | 350 | 384 [ 428 | 457 | 440 . 157 | 159 31
1es | o3 [ o1sd 021 | e2s | e2r | o3| esnyoesn] _ o011 { o1l 2
T.Aus 268 | 1079 | 1442 791 | 463 | p0o { 000 | 000 § 100 [ 354§ 195 000 | 0:00 480
17.95 oo [ 026 F 101 | 0355 | 632 | 000 | oo0 | 600 | 007 | 025 | 014 | 000 | D0 34
T.Amas . : _ - 120 | 840 | 080 | 348 | 167 ] 000 | 0.00 | 000 | 380 | 720 | 697 | 614 | 498 ) 386 597
17.95 o135 | 050 | 089 | 024 | 02 | 000 [ 000 | 800 | 027 ] 050 | 049 | 043 | 035 | 026 42
Sub-Total oo T 097 | o | 1651 194 1 ia8 | 101 | 260 | 37 | 298 | 281 j 275 [ 194 j 012 ) 000 ] 000 [ 033 | 091 § 042 oo s 1 2o ez [ i3 | 056 | 000 | ooo [ oo | 199 [ 245 7225 190 | 1.57 | 060 1 032 | 0.55 } 64 415
Wheat/Potata 278 | 281 | 3.5 | 333 | 330 | 324 201 | 18G | 189 | 216 | 247 ) 276 324
3333 047 | 048 | 054 057. 056 | 055 ] - 034 1 032 { o3z | 037 ] 042 ] 047 55
LT. Amaa _ 148 | 770 ] 924 1387 | 266 | 104 | 000 | 061 { 220 | 348 | 167 [ 060 | 000 | 000 } 177 362
33.33 : 025 | 131} 157 | 066 | 045 | 038 | ooo | 010 ] 037 | 059 | 028 | 000 : 060 | 000 } 022 62
MustardCOnion| 258 1 253 | 2Ba | 314 | 342 37 179 | 198 | 242 [ 246 | 248 259
F1 Arca 3333 | 043 | 043 | 048 | 053 | 058 [ 064 ‘ 030 | 034 | 041 | 942 | 042 1
51% T.Bwo : 261 | 1093 ) 1431 ) 801 | 791 283 | 058 | 000 | 600 ] 218 ) 468 | 344 114 ) 000 | DGO 621
3333 045 | 1861 243 | 135 1 14 | 082 } oo | 000 | 000 | 037 | 080 | 058 | 0.99 | 000§ 000 106
Pulses 778 | 281 | 345 | 330 { 319 206 [ 192 | 156 | 215 | 256 265
1333 | 047 | 048 | 0.5¢ | 056 | 0.54 . 036 | 033 ] 033 | 037 | 04 45
Jute ooo § 000 | 0o | ooo | 0ge | ooo | 00 | 000 ] 000 | 000 | 0.00 | DO 0
3333 0o | 000 | coo | oo | o000 | 000 ] 000 | 600 | 000 | 000 | 000 | 080 0
$ub-Total vooos T 13l 1159 [ 3.5 | 166 | 168 | v1o | 045 186 12431 136 | 134 1082 } €10 L 035 1 T3 T 104 [ 145 1 104 | 037 | 000 | 010 | 037 § 039 [ o038 ] ooo 000 | 000 10221 000 | 000 5 04 098 | 098 | 141 § 1.20 f 1.33 318
WheatPolalo 278 | 281 | 315 | 333 | 330 | 3M 201 | 186 | 189 | 2.16 | 247 | 276 324
257 1 ops | 006 | 006 | 007 | 007 | 005 _ 004 | 004 | 004 | 004 ] 005 | 006 &
HYY Boro 263 | 1093 1431f 801 | 791 | 483 [ ose | oo [ 0003 222 | 473 | 344 | 114 | 000 | 000 622
1143 002 | 009 | 0113 0o | 005 | 001 | 000 | 000 | 000 | 002 | 004 [ 003 | 06§ 0L 4 000 5
Jute 000 | 000 t 000 | 000 | oeo § 000 | 000 | 000 | 000 § 000 ¢ 000 | 000 0
571 000 | oo ! ooo ] opo { ono ] oo | oo jocol 000} 000 ] 060} 0.00 0
Mustard/Onion 286 | 288 | 308 | 307 ; 153 | 185 | 216 | 252 | 283 231
F2 Area 2857 | 006 | 006 | 006 | 006 - _ 004 | 004 | 008 | 005 | 006 5
1 HYV. Boro 256 | 1075 | 1465 | 738 | 801 | sew | 515 | 089 | 000 [ 000 | 208" | 468 | 278 | 008 | 000 : 685
17.14 w03 | 013 | o1e | o | 010 | 10| 0os| oot | ooo | 000 | 003 ]| 606 | 003 0003 000 8
Jute 000 | 000 | 000 | 000 | 006 | 600 | €00 | 000 | 000 [ 0.00 | 000 | 0LO 0
571 000 000 | 000 | 000 | 0oo | oo | 000 | 000 000§ 000 | 000 | 000 : ) 0
Pulse 278 | 265 | 262 - 236 | 222 1 234 2.6‘2 288 273 | 276 267
1236 co3 | 003 | 008 007 | 007 | 007 1 008 | D08 [ 008 | €08 8
HYV.Bwa | 248 | 1040 | 1379 | 781 | 832 | 803 | 348§ 872y 562 | L4 poo ) ooo | 151 | 29% | 0351 84
34.29 o0s | 025 | 033 | 019 | 020 oa9 | 020 | 0211 013 [ 002 | 000 | 000 | 004 | 007 | 001 19
Tue 000 | 0o | 0o | voo | oo | 000 [ 000 | 000 | 000-f 200 | 0.00 | 000 0
8.57 060 | 000 | 000 | 0,00 | 000} €00 | 000 | 000 | 000} 000 { 000 0.00 i 0
Sab-Toul Ta2.85 | 020 | 0.2 | G20 L 019 [ 0327 | 043 | 034 | 046 } 040 | 0367 037 oot T ooi | oo0 Too0 | ons | 66 | ogr | ¢ol | oo | 060 | 000 [ 000 | 000 ) 0001 000 000 | 000 L 000 | 007 | 001 [ 014t o015 b o7 | 0.8} 0.19 52
F3 Area | HYV.Boro 1007 1263 6.427] 646 | 690 | 7.5% | 847 | 920 [ 879 | 8% | 880 | 493 4 0O 0.0 ] : 240 1031
3% 0000 | 036 | 03 Lois | oo 102y 023 | 025t 028 ] 0261 027 1 027 0.15 | 000 | 000 C . : g.01 3t
Sub Total too0 |0 | 038 | 048 | 019 ] 021 {023 [o25 Y oog|oo6l oy | oz [ 0151000 ooo 600 |90 | oo | o0 | &0 | 600 | 000 | 000 | 0.00 § 600 | 000 500 | 000 | 000 | 060 | 000 | 000 [ 000 [ 000 | 000 ] 000 { 007 3
Cﬁ:iun:m;c : 92350 | 264 | 298 | 350 | 308 | sep | 375 | 364 1 567 ) 547 1 480 [ 473 | 314 026 | 025 1 131 L zar 125 | s [om [ 1g7 bag) 12201 177 1 085 a00 | 000 | ool 151 | 245 V23 ) 235 b 270 | 174 | 1604 995 | 223 875
It ield ) : K X
Raqil;:‘imm- Ap;ic-aLion pa062 | 425 | 481 | 579 [ 643 | 504 ] 605 | 587 | 914 | 883 | T4 | 763 sor D osz b oar | 2 L a2 | ar | 247 | 130 | 200 | 486 | 355 ) 286 136 | oo | 0oo | oo §o2za3 | 395 | 3za ] 308 | 435 | 281 | 259 | 31| 359 1412
(npa} Efficiency : . . -
Unis Diversior i ! 7 so | 554 | 47 | 213§ 000 | 000 | 000 | 330} 617 | 58 | 591 | 679 | 439 | 104 | 48T 562 | 2206
Requircmeat] Distribotion | Fa=0.61 | 663 | 7.52 005 | 1008 020 | 946 | w17 | 1420 | 1350 | 1200 | 1193 | 792 | 066 | 063 | 30 | 587 | 636 385 | 203 f4am | 7 : : . : ; : k .
cfficienc
,;"i'ffo L(!r[;cm"a) 77 168 1505 | 116 1 107 § 1o ] 106 | 165 [ 160 1 140 § 138 092 | 008 | 007 | 0638 1 060 | 074 | 045 | D24 1 0541 088 Gér [ 052 | 025 | 000 [ 660§ 000 1 044 1 01 068 | 058 1 079 | @51 j 047 | 056 1 065
@M I 13.93' 15.33! 19.03] 21.13| 19.54[ 19,9 | 19.20 l 30.061 29.03 | 2545 @&6. 139 l 1.33 l 6.95 l 1z,55l 1339! 8.11 I 428 | o9) | 15971 13.66] 94t | 448 | 000 | 000 1 0.00 I 800 I 12.9s| 12.301 12.44[ _14.30‘ 924 ] 8.5t l 10.24' n.szl j
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Table 6.2.1 Existing Drainage Condition

Statlon - Xear Extr;‘irg;:‘l“dter L[(;:;l . Rain Fall o lnnun:\inllnn M. — Perlod__
5 . ALY - réa ep
(m/PWD)  (m/PWh) Ay | (/PWDY (sq. km) (%) (m)  {dnys)
CHILMARL 1983 . 2436 19.36 206 23.98 1915 27 2m 43
) A 1984 24.54 19.62 1415 24.20 2102 2.7

Areafsq km) 1985 24.24 20.19 1026 24,35 608 323 gig e

808 1986 23.80 2000 1360 2180 1567 194 184 B

1087 24.80 19.79 160t 2505 4379 567 109 &2

1988 35.42 19.57 1,700 2465 W a2 269 84
1989 2391 1967 1,553 " 24.55 55 100 .59 a8

1550 1396 2027 1252 24.54 N5 wT 2,54 58

BAMNI 1983 24.86 2022 906 24.60 5.2 206 1.42 9
1984 25.00 20.19 1415 24.63 1567 213 145 27

Area(sq.km) 1985 24.80 20.81 1026 24.96 256 g 178 19

734 1986 2438 20.52 1300 24.32 206 136 114 5

1987 2526 2032 1,601 25.57 . 4101 559 239 44

1988 26.04 20015 1,700 2530 32.69 44.5 2.12 A5

1989 24.45 2032 1555 25,09 647 357 1.9 2

1990 24.45 20.82 1252 2B W7 364 w12

MALBHANGA 1983 2540 2111 1,287 25.92 2306 17.9 2,74 30
1924 2550 20.80 1,500 15.82 W63 160 264 4t

Acoafsq k) 1985 35.39 2124 1256 2575 1880 147. . 257 33

1288 1986 25.00 2108 1237 3554 - 1450 113 2.16 21

1987 25.15 20.87 1,708 26.69 31.07 24.1 351 48

1988 26.6% 20.74 1,699 1697 3121 242 1,50 52

1980 25.02 200 1573 26.08 2712 207 290 22

1990 24.98 2148 1477 25.93 K305 17.9 275 26

PALASHBARI 1983 2657 2.6 1,287 675 743 297 296 58
' 1984 2733 2267 1.500 26.82 814 W6 1.0 82

Area(sq.km) 1985 2610 3265 1256 26.78 774 310 209 . 67

250 1986 25.87 272 1237 26.33 345 138 2.54 58

987 - 2145 3152 1,708 2717 A6 584 138 68

1988 27.35 22.33 1,699 26.99 1£.25 45.0 320 54

1689 16.23 217 1,573 26.74 733 293 2.95 69

1950 2587 1269 1477 26.52 522 209 273 55

HARICHAI . 1983 24.8] 19.76 861 23.12 T 18.43 226 1.16 20
1984 2480 20.10 1,460 13,85 40.69 499 159 105

Area (sq ki) 1985 34.46 20.60 845 21,60 3290 403 1.64 41

216 1986 23.99 20.51 },284 23.77 38.26 46.9 1.81 48

1987 2507 2032 1797 2650 @3 717 2.84 89

1988 25.53 20,00 1.558 19 4276 524 196 103

1989 21 20.10 1490 1330 901 478 . L84 7

1950 2421 2075 - 1275 2338 457 309 192 39

RATNAL 1983 .87 2595 1,121 1960 821 12.3 2.82 &0
1983 3029 26.31 2,060 30.56 1500 225 372 87

Area(sq km) 1985 29.68 2645 1.596 30.02 1034 155 318 71

669 198 . 203 2532 1267 2.75 g7 130 291 43

1987 3037 26.07 2,543 3086 1778 265 a0 e

1938 2077 2593 1,699 3038 1350 202 3.54 48

1989 30.30 35 1228 2935 645 96 2.51 56

1980 28.98 2621 1,553 2920 593 89 236 48

3 27.46 24.42 1,129 27.54 2997 353 1.92 23

KISHORPUR }324 2760 . 24.32 1818 2778 41 4L 216 n

2746 2478 1,593 27.69 33, 2. .

A B e 1oge 2650 24.67 1,106 2720 251 265 - 158 44

1987 279 24,59 2,402 28.18 4388 516 2.56 63

1958 28.05 24.45 1214 2774 w3 403 712 42

1989 1116 2427 1402 2729 2450 288 167 48

w% 22 2484 1247 27.43 3755 324 181 50

: 3911 26.98 1,129 28.97 309 407 213 7t
GHARIALDANGA }333 19.16 26.64 1.818 2032 1024 i é.g 2_42 123
. g5 2012 26.96 1593 29.26 9.76 ) 2.4 130

Area 5 i‘éf‘& }386 28.80 26.96 1106 23812 667 335 188 62

1987 1058 2692 2,402 29.78 530 769 2.04 1

1988 29.58 26.78 1214 29.13 HEe 452 229 107

1989 8.5 26.57 1,402 23.80 761 382 203 140

199 39.05 27.05 1247 2876 650 347 192 82
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‘Table 6.2.2 Drainage Imploveiment Plan on Basic Year (1987)

[Existing }
Station Area  External Water Level _Rain fall i Innundation_[Max.] Period
[Max.] [Min,] W.a. 7 Area : Depth -
(sq.km) (m/PWD) (/PWD) (mm} __ (m/PWD}  (sq. km) (%) (m)_ (days)
CHILMARI 20.8 24.80 19.79 1,601 25.05 45,79 56.7 3.09 -62
BAMNI 734 25.26 20.32 1,601 2557 - 4101 559 2.39 44
MALBHANGA 128.8 25.75 20.87 1,708 26.69 31.07 241 351 - 48
PALASHBARI 250 27.45 22.52 - 1,708 27.17 - 14.61 584 3.38 68
HARICHAL 8l.6 25.07 20..32 1,797 24,80 - 63.39 L7 2.84 89
RATNAI 669 - 30.37 '26.07 2,543 30.86 17.74 265 4.02 69
KISHORPUR 85.0 27.96 24.59 2,402 28.18 4388 516 2.56 63
GHARIALDANGA 19.9 29.58 26.92 2,402 29.78 1530 769 2.94 111
[Proposed }
Station Arep  External Water Level Rain fall . . Innundation_[Max.] __Period
Max.} [MEin.] _ W.L. _Area Depth
(s, k) _(m."PWD) (m/PWD) {(mm) (m/PWD) (sq. km) _( %y - {m) _{days)
CHILMARI 30.8 2430 19.79 -1,601 25.05 4571 566 - 309 62
BAMNI : 734 25.26 20.32 1,601 2556 40.80 556 2.38 43
- MALBHANGA 128.8 25,75 20.87 1,708 26.69 31.07 241 351 46
PALASHBARI 25.0 27.45 22.52 1,708 2713 : 13.835 554 2.34 64
HARICHAI 316 25.07 20.32 1,797 24.73 62.37 764 277 81
RATNAI 66.9 30.37 26.07 2,543 30.85 1 265 4.01 65
KISHORPUR 85.0 27.96 24.59 2,402 27.94 3834 451 232 60
GHARIALDANGA - 199 29.58 26.92 2,402 29,52 12.46 62.6 2.68 84




Table’ 6.4.1 Cropped Area under Present and Proposed Condition

in the Project Area

Present Condition

_ Proposed
Irrigated Area Rainfed Area Total Area Irrigated Area
ltem ha) _ (%) _(a) (%) __(ha) (%) (ha) (%)
Total Land Area 9,800 (28) 25700 (72) 35,500 (100) 15,500 (100)
 Total Cropped Area 20,400 47.900 68,300 79,500
Crpping intensity 208% 186% 192% 224%
Rice 17,400 (178) 39,000 (152) 56,400 (i59) 38,000 (107
B/LT. Aus S - 3400 (13) 3400 (10) -
" HYV Aus - - 15200 (59) 15200 (43) 4200 (12)
L.'T. Aman 00 () 4200 (16) 4900 (14) 6,000 (17)
HYV Aman 6,900 (70) 15100 (59) 22,000 (62) 12,000  (34)
L.T. Boro - 800 (3) . 800 (@ - -
HYV Boro 9,800 (100) 300 (1) 10,100 (28) 4900  (14)
Late Boro/Early Aus - - - - . - 10,900 (3D
Jute 100 (1) 3400 (13) 3,500 (10) 9000 (25)
Sugarcane - - 1,500 (6 1,500 ) - -
Rabi 2000 (30) 4,000 (16) 6900 (19) 32,500 (92)
Wheat 800. (8 2100 (&) 2900 (&) 8,400  (24)
Oil Seed 500 (3) 600 (D 1,100 . (3) 4,600 (13)
Pulses 400 (9 S00 (2) 900 (3) 3000 (8)
Potatoes 600 (6) 400 (2) 1,000 (3 9700  (27)
Spices 300 (3) 200 (1) 500 (1) 3400 (10)
Vegelables 00 (3) 200 (1) 500 (1) 3400 (10)
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Table 6.4.2 Crop Production under Present and Proposed Condition
in the Project Area

_ Present Condition ~ Proposed Condition _.. Production
Crop Area Yield '_ Production Area Yield Prod_uc'tion : Inc'rease‘_
. (ha).  “(ton/ha)  (ton) (ha)  (ton/ha)  (ton) (fon) =
Totai Production ' 176,000 - . 400,400 224,400
Rice 56,400 - 149,000 38.000 . 167,500 18,.500
B/LT. Aus 3400 125 4,300 ; S 4,300
HYV Aus 15,200 2.40 36,500 9,600 430 41,300 4,800
L.T. Aman 4900 175 8600 6000 28 16800 8200
HYV Aman 22,000 2.7 60,200 12,000 4,70 56,400 ' »_4,500
L.T. Boro 800 184 1500 - . - 1,500
HYV Boro 10,100 3.68 37,200 10,400 510 53,000 ?5,800
Tute 3,500 148 5200 9,000 157 14,100 8,900
Sugarcane’ _ 1,500 27.00 40,500 ‘ - - - -
Rabi 6,900 - 21,800 32,500 - 218,800 197,000
Wheat 2,900 2.03 5,500 8,400 3.25 27,300 | 21,400 -
Qil Seed 1,100 0.60 700 4,600 140 6400 5,700
Pulses _ a00 074 700 3,000 1.20 3,600 2,900
Potatoes 1,000 9.05 9,000 9,700 13.00 - 126,100 117,100
Spices 500 484 2,400 3400 570 19,400 17,000
Vegetables 500 0.18 3,100 3,400 10.60 36,000 32;900
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: Table 7.1.1 Number of_lrrigation_(ianal Regutator of Each Main Channel

Type Road = Main Chanael Total
Width (wi A B C D I i
Closed Type | A 4.5 2 - . )
' . B 4.5 = 2 -- - - 2
C-1 3.0 - - | - - - 1
2 45 . 1 .- N _ _ 1
D-1 3.0 1 - - T . 2 4
D2 4.5 - 1 i .- 1 B 3
F-1 3.0 -- 1 - - - - 1
4 H-2 4.5 -~ - 1 - -- - 1
Sub-Total 3 5 3 1 1 2 13
Open Type A 4.5 i - -- - - = 1
: - B 4.5 1 - - . - - 1
C 4.5 — 1 - - - 1
D 4.5 - 1 - - - i 1
i 4.5 - -- 2 - .- - 2
F 30 - - | = - i
G 3.0 - - - - 2 - 12
"H 4.5 - 3 - . i ~ 14
I-1 3.0 . 1 - -- - -- 1
-2 4.5 - - 1 -- - - 1
I . - - 1 - - - 1
Sub-Total 5 2 5 2 2 0 16
Total ' 8 7 3 3 3 2 31
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Table_’J.I.B Cross Section of Field Canal

Type Q Gradient Lining b B h H | W
i ' (sec.) ' - () (m) {m) () ()
A 56-112 171,500 | Brck, Mortal 0.20 .20 (0.27-037 0.5 0.30
B i5-56- 1/3,500 | Brick, Mortal 0.15 0.95  [0.15:0.29 0.4 0.30
C 0-15 171,000 Unlining 0.15 0.75 0.2 0.3 0.15
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Table 7.4.1 Number of Bridge and Culvert of E;’lch Main Channel

Main Channel Ratnat |O/M Road
Type B ‘ Piv. for Total
myl A B C Bl E I F Canal | Regulator :
A |30 3 - - - - - 3
Al4st 9 = - - - 9 : 12
Rural { Brick Road] 13 | 3.0 3 - - 4 -- 7
' B |45 2 '1 -- -- - - t 4 U
Rridge ¢ 130 4 1 -~ - 5 )
C | 45 -- 4 7 - -- - - - it 16
D30 3 "2 4 1 3 3 16
D |45 2 9 7 3 2 - 23 . 39
Metal Road Bridge] MA | 7.5 i - - - - — 71
CA| 75 { i 1 - 3 4
Culvert CB i 50 1 l i - -- - - 3
CC| 50 - I - 2 -- - - 3 6
Railway Bridge | RA | 3.0 1 - .- — - 1
RB | 3.0 - i 1 .- - -- - - 2 3
Total 21 28 23 4 5 5 4 ! - 91

Table 7.5.1

Totzal

368.3

Project Works Private Land Government Land

Ratnai Diversion Channel 8.2 0 8.2
Intake Canal 3.2 0 32
* Main Channel A 908 84.8 175.6
Main Channel B 136.1 18.0 154.1
Main Channel C 83.0 7.6 90.6
Main Channel D 236 1.2 248
Main Channel E 13.7 1.3 15.0
Main Channel F 7.4 0 7.4
Secondary Channels 0 325.5 325.5
Demonstration Farm 2.3 it 2.3
438.4 - 806.7
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Tabte 10.1.1  Economic Net Crop Production Value per Ha

Preseny/Withowt Project Condition -

Irigated (Ground Water/STW)

Rainfed
Net Production Cropping  Net Production ~ Net Production. Cropping  Net Production
Ttem Value par ha Intensity  Value per ha at Value per ha Intensity  Value per ha at
by Crop Project Arca by Crop Project Arca
{Tk/hay (%) (Tkha ) (Tk/ha) (%) {Tkiha )
(1) Riee
BT Aus 3,720 132 490 0 0 0
HYV Aus 8,370 59.2 4,960 ] 0 1]
L.T Aman 1,100 163 1,260 9,830 7.1 700
HYV Aman 8,960 58.8 5,270 13,560 704 9,550
L.T Boro 6,860 31 210 1] 0 R
HYV Boro 8,290 1.2 100 13,820 1000 13,820
{2) Jute 10,300 132 1,360 10,300 LO 100
(3) Sugarcane 19,770 5.8 1,150 0 ¢] G
(4) Rabi
Wheat 8,840 8.2 120 14,320 8.2 L1170
Oil Sced 2,620 23 60 3.860 5.1 200
Pulses 5,290 1.9 100 7,250 4.1 300
Polato 9,210 16 150 12,060 6.1 145
Spices 22210 0 180 35730 3.1 980
Vegatables 3,170 03 30 5.830 3.1 180
Total 186.4 16,040 208.2 27,740
(For25700ha : Tk 412,228,000 (For9,800ha : Tk 271,852,000 )
Average at Project Area per ha (fainfed ; 72.394%, imigated; 27.606%) 19,270
{ For 35,500 ha : 684,080,000 }
. _With Project Condition (Ground Wates/STW) _ With Project Condilion (Surface Water/LLP)
rigaled j Tmigated -
Net Production  Cropping  Nel Produciicn  Net Production Cropping  Nel Production
Ttemn Value per ha Intensity  Value per ha al Value per ha iensity  Yalue perha at
by Crop Project Area by Crop Project Area
(Tx/ha) (%) (Tkfha ) {Fk/na) (%) (Fk/a)
{1} Rive :
B/L.T Aus 0 1] 4] 0 0 [
HYV Aus 14,150 27.0 3,820 16,210 270 4,380
L.T Aman 11,620 16.9 960 13,170 16.9 2,230
HYV Aman 17,580 338 5,940 19,900 338 6,730
L.T Boro 0 ] 0 1] 0 0
HYV Boro 16,410 293 4,810 19,070 293 5,590
(2) Jute/Rainfed 10,300 254 2,620 10,300 25.4 2,620
(3) Sugarcane 0 0 0 0 0 o
(4) Rabi
Wihicat 15,700 237 3,720 17,100 237 4,050
Ol Seed 9,770 13.0 1270 10,790 13.0 1,400
Pulses 8,830 85 750 9,980 8.5 850
Polato 16,650 273 4,550 18,050 273 4,930
Spices 33,810 95 3,210 34,830 25 3,310
Vepatables 10,500 23 1,030 1,810 9.5 Li20
Total 2239 33,630 2239 37,210
(For17300ha : Tk 582,664,000 ) (For 18,200ha : Tk 677,222,000 )
Average a1 Project Area per ha (STW ; 48.732%, LLP; 51,268%) 35,490
( For 35,500 ha ; 1,259,886,000 )
. With Project Increment
Irem Withoui Projest Condition Condition
Rainfed Trigated Tolal Trrigated
{1) STW Project Area ’
Area {(ha) 7,500 9,200 17,300 17,300 0
Net Production Value )
-Perha  (Tk/hay 16,040 27,740 22,670 33,680 11,010
- To1al (Tk'000) 120,300 21,852 192,152 582,664 190,512
{2) LLP Project Arca
Arca (ha) 18,200 0 18,200 - 18,260 4]
Net Production Vaiue : N
-Perha  {Tkma) 16,040 1] 16,040 31,210 21,170
- Total (FR'000) 291,928 0 291,928 677,222 385,294
&) Tol.alPro,liuct Arca
Area (ha) 25,700 9,800 35,500 35,500 0
Net Produciion Valie . ) : :
-Perha (Tk/ha) 16,040 27,740 19,270 35,490 16,220
-Toal  (TK'000) 412,228 271,852 684,080 1,259,886 575,806
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Table 10,12

() Annoad Pevelopmeni Area (ha)

Economic Annuat Benefit Flow for Crop and Fishery Production

Surface Iiripation Development

Year A. BC“LP Proguction Amia) by Channgl Fish Inigsa'trigx ir[(é[;
E Total  Culture Total
1 0 0 0 0 0 0
2 s A 0 0 0 0 0 0 o
. , ‘ 0
4 a0 0 0 o 0 o 0w ne
5 820 0 0 450 0 0 1270 35 2162 3432
6 0 0 0 560 980 1,040 2,580 40 2162 4742
7 0 2800 0 0 0 .0 280 75 2162 4962
8 0 2660 0 0 0 0 2660 75 2162 4822
9 0 0 4,160 0 0 0 4160 75 2162 6322
10 0 0 440 0 0 ) 440 60 2166 2,606
1 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0
Total 5110 5460 4600 1,010 980 1040 18200 460 17,300 35,500
(2) Annual Benefit (Tk'000)
Surface Irrigation Development STW Total Production Foregone Net Benefit
Year Crop Fish Total Irrigatien Trrigation  Surface STW Total Surface STW Total
Production  Culiure Irrigation  Irrigation Irrigation  Irrigation
1 0 0 0 0 0 0 0 0 0 o 0
2 0 0 0 0 0 2309 77 2386 22,309 a7 2,386
3 0 . 0 0 0 0 446 77 4,523 4446 174523
4 9230 209 11279 4762 16041 6087 77 6164 5192 4,685  9.877
5 27394 6,147 33541 14285 47,826 1602 77 1619 25030 . 14208 40,147
.6 50934 11,679 62613 - 28570 91,183 0888 771 9,965 52725 28493 81218
7 85399 18851 104250 47616 151,866 12,156 77 12233 92094 47539 139,633
8 131720 79098 160,818 71424 232242 15468 77 15545 145350 70347 216,697
9 180,072 40,368 220440 95232 315672 15468 77 15,545 204972 95155 300,127
10 237.105 - 52,663 289768 119040 408,808 15468 77 15545 274300, 118963 393,263
11 290.623 65982 356,605 142,856 499,461 15468 77 15545 341,137 142779 483916
12 333217 77662 410879 161912 572,791 15468 77 15545 395411 161835 557,246
13 363956 86,268 450224 176205 626429 15468 77 15.545 434756 176,128 610,884
14 383432 91800 475232 185738 660,970 15468 77 15545 - 459764 185661 645425
15 385204 04.260 47955 190,512 670,066 15468 71 15545 464086 190435 654,521
16 385204 04260 479554 190,512 670,066 15468 77 15545 464,086 100,435 654,521
17 385204 04.260 479,554 180,512 670,066 15468 71 15,545 464086 190435 654,521
18 385204 04260 470,554 190,512 670,066 15468 77 15545 464,086 190,435 654,521
19 185204 04260 479,554 190,512 670,066 15468 77 15545 464086 190435 654,521
20 385204 94260 479,554 199,512 670,066 15468 77 15545 464,086 1950435 654,521
21 185204 94260 479,554 190,512 670,066 15468 77 15,545 464,086 190,435 654,521
22, 385204 04260 479554 190,512 670,066 15468 77 15545 464,086 190,435 654,521
23 385204 94260 479554 190,512 670,066 15468 77 15545 464,086 190435 654,521
24 385204 94260 479554 190,512 670,066 15468 77 15545 464,086 190,435 654,521
25 385204 04260 479554 190,512 670066 15468 77 15545 464,086 190435 654,521
2% 385204 04260 479,554 190512 670,066 15468 77 15545 464086 190435 654,521
27385294 04260 479,554 190,512 670,066 15468 71 15,545 464,086 190,435 654,521
28 385204 04260 479,554 190,512 670,066 15468 77 15,545 464,086 190435 654,521
29. 385294 04260 479,554 100,512 670066 15468 77 15545 464.086 190,435 654,521
30 . 185204 94260 479554 190,512 670,066 15468 77 15545 464086 190435 654521
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Fable 10.1.3 Economnic Annual Cost Flow for Project Works

{Unit ; T000)
Surface Water {L.LP) Irtigation Development - o STW
Construction {08t O&M  Replace-  Constructlon
Year Head Main Rurat L Demo. Consullant & Total Cost ment Cost
Work  Channel Infra, Farm__ Adnunisiration Cost
i 0 0 0 ¢ 0 53,143 53,143 0 0 0
2 1] 0 o 0 1,540 20,222 21,162 Q (] Q
3 106,303 34,769 11,852 30,960 1,967 1,665 193,516 325 o 8,478
4 0 34,76% 19054 29,966 0 7,130 90,919 515 0 8479
5 o 26,290 19,054 18,037 0 5,525 8,806 1,059 Q 8479
6 0 45,704 19,054 36,641 0 5,755 108,154 1,222 0 8.479
7 0 32,158 19,054 39,765 2430 7,188 100,505 847 0 8479
3 [\) 32156 19,054 N7 a 7,035 96,022 1,265 ] 8479
9 0 48,295 16,054 59,080 0 6,653 133,082 1,566 0 8,479
10 0 5,288 9,522 6,245 0 5,049 27,104 1,863 0 5479
n 0 o 0 0 a Q 0 1,608 0 0
12 0 0 [ 0 0 0 0 1,608 0 0
13 0 0 ] 0 0 0 0 1,608 5,064 0
14 e 0 0 Q ] 0 [i] 1,608 1,600 1]
15 0 ¢ 0 0 1] 0 0 1,608 4,363 0
16 0 0 [ 0 0 ] 0 1,608 8,333 0
17 Q Q 0 ) 0 1} 0 1,608 1,525 0
18 0. i} 0 0 0 0 1] 1,608 2,598 0
19 0 0 1] 0 0 0 0 1,608 5,785 ]
20 Q 0 1} 1] 0 0 0 1.608 ‘0 0
21 0 0 0 0 1] 0 0 1,608 0 [
22 0 0 0 0 0 0 1] 1,608 0 0
23 0 0 4] 0 0 0 0 1,608 6,064 0
24 U] 0 0 0 0 o] i] 1,608 1,600 4]
25 0 [} 0 0 1) 0 0 1,608 4,365 [}
26 0 0 i} 0 0 0 1] 1,608 8,333 0
21 [} 4] 0 0 0 0 4] 1.608 1,525 0
28 [} ¢ 0 ) 0 0 0 1,608 2,598 0
29 0 0 ¢ 0 0 0 ¢ 1,608 3,785 1]
30 0 0 0 0 4] 0 1] 1.608 0 [
Total 106,303 261,429 135,698 258,471 5,937 125,365 893,203 40,822 60,540 67,831
FCD Development Allocated LLP Irrigation Allgcated STW Irrigation
Constraction Cost O&M  Replace- Total C& eplace- Total O&M Replace-
Year D Rural  Consuttant & “Total Cost ment Consiruction Cost ment Consiruction Cost - ment
Infra. Adminisiration Cost Cost Cosi __Cost Cost
1 0 0 4,502 4,502 V) 0 55,433 0 ¢ 2,192 o 0
2 4] 0 1,735 1,735 0- 0 22,652 [ [\ 845 0 0
3 49284 1,194 658 12,836 5 4] 200,101 © 328 0 14,729 2 0
4 19,323 0 612 19,940 13 4 101,148 521 0 18,190 [ ]
5 4] 4 474 474 1,288 0 69,149 1,720 (] 8710 627 0
& 0 0 493 493 1,288 0 108,407 1,883 0 8,719 627 0
7 18,512 0 617 19,129 1,288 G 110,408 1,508 0 17,795 621 [
8 12,255 [ 604 12,859 L300 1] 102,619 1,932 0 14,74} 533 0
9 7.932 0 st 8,503 1,309 0 137,444 2,218 0 12,620 637 i}
10 1,101 0 431 1,534 1,330 0 27,89t 257t Q 9,226 672 0
11 0 ¢ 0 0 1,380 5.580 0 2516 2,863 [ 672 2,17
12 0 0 0 [i] 1,380 0 0 2316 0 0 672 0
13 Q o) Q 0 1,380 4 0 2316 6,064 0 672 ]
14 0 4 0 0 1,380 595 0 2,316 1,905 [ 672 290
15 0 [ 0 4] 1,380 ] 1] 2,316 4,365 1] 672 0
16 ¢ 0 g 4] 1,380 0 0 2316 8333 0 672 0
17 0 0 4] i} 1,380 1,180 ] 2316 2,135 [i] 672 580
18 - 4] 0 0 4] 1,380 ::43 0 2,316 3,054 [ 672 432
19 0 0 0 0 1,380 4] 0 2316 5,785 0 6712 1]
20 Q 4] [} 0 1,380 0 0 2316 0 [i] 672 0
21 0 0 0 0 1,330 5,580 [ 2,316 2,863 1] 672 2,17
22 4] i} 0 0 1,380 4] 0 2,316 .0 0 672 0
23 1} 0 [} Q 1,380 - Q 4 2,316 6,054 ] 672 4]
24 0 Q ¢ Q0 1,380 595 (L 2,316 1,905 [} 672 260
25 G 0 0 0 1,380 0 1] 2,316 4,363 o] 672 .0
26 0 0 i 0 L1380 0 0 2,316 8333 -0 672 1]
27 0 4] o} 0 1,380 [,150 G 2,316 2,135 1] 672 530
28 [ 0 0 0 1,380 888 0 - 2316 3,054 i} 672 432
29 0 0 ] 0 i,380 0 [+ 2,316 5,785 0 672 L]
30 0 0 0 0 1,380 o 0 2,316 0 0 672 0
Total 54,112 7,194 10,689 82,005 35,471 16,506 935,272 59,022 £9,008 107,767 17,271 8,038

Note ; Cost for FCI? component is altocated according to the propenion of project arca of LLP (18,200ha) and STW (17,300ha)."
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Table 10.2.1 Economic Cost and Benefit Stream for Economic Evaluaion

{TK'000)

1y Surface Irrigation Development & FCD - .
U—-——.f‘—_ Cost : FS— {2) Ground Water Irrigaiion Development and FCD (TX'000)
vear  Comst-  O&M Replace- Totat e Year o Cost Benefit  Balance
metion rment msgf)l- O&M Replace- Total
. ) n ment
1 55453 0 0 55453 0 .554
2 we2 0 0 men 230 owedl 2 b ; R o 2%
1 200,101 338 0 200429 4446 -204,875 3 14729 0 0 843 g 922
4 101148 52 0 101670 5192 -96478 4 18190 : 0 71 14808
5 o149 1,720 0 70869 25939 4403 S &m0 e 0 4339 ags na
6 108407 1,883 0 10290 52725 Sses 6 8Ny coy R 19,208 As
7 110408 1,508 0 111,916 92,004 -19,822 7 108 627 0. 9346 28493 19,147
§ 102619 1,932 0 104551 145350 40,799 8 14,741 627 0 18422 47,539 29,117
9 137444 2238 0 130582 200072 6520 9 1rewm o 0 e 71341 35973
0 27891 2,571 0 odcz 214300 24388 10 526 612 0 e ERTEA Iy 4
W0 2316 2863 5179 31,137 335958 1 o en S e o 13%%0
12 0 2316 - 0 2316 395411 393,005 12 o T A 142778 13
13 0 2316 6064 8380 434,756 426,376 13 0 672 5 o B e
14 0 2316 1905 4221 450764 455543 14 S S S L S £+ T 0o
15 0 2316 4365 6681 464,086 457,405 15 0 61 62 e s
12 0 2316 a3 , 57,405 0 672 190,435 189,763
. , 10,649 464,086 453,437 16 0 672 0 672
17 0 2316 2,135 4451 464,086 459635 17 0 672 580 12 0 1815
: X 5370 464,086 458,716 18 0672 412 LI 160
19 0 2316 5785 8101 464,086 455985 19 0 672 0 ‘672 prel b
20 0 2316 0 2316 464,086 461,770 20 0 672 0 5?;2 B e
21 0 2316 . 2863 5179 464,086 458907 21 0 672 2717 3,389 190438 Py’
2 0 2316 0 2316 464086 461,770 22 o 62 0 672 100439 e
23 0 2316 6064 85380 464086 455706 23 0 672 0 672 1'30’43; i%%%é%
4 0 2316 1905 4221 464086 459,865 24 0 672 290 962 190,435 1894
25 0 2316 4365 6681 464,086 457,405 25 0 672 0 672 190,435 189’73
2% O 2316 833 10649 464086 453437 26 0 672 0 672 190435  189.763
7 0 2316 2135 4451 464,086 459635 27 0 6712 580 1,252 190,435 189,183
28 0 2316 3054 5370 464,086 458716 28 0 672 432 1% 190,435 189,331
29 0 2316 5785 8101 464,086 455985 29 0. 6712 0 ' Y5 '
2 0 2316 3 a0t , 672 190,435 189,763
_ . : 461,086 461,770 30 0 672 0 672 190,435 189,763
(3) Totsl Development (Tx000) () Calculation
Cosl Berefit  Balance EIRR NPV (Tk mitlion -
Year  Const- O&M Replace-  Total ltem (%) Cost (Bcncﬁt : e Bie
ruction ment
1 57,645 0 0 57,645 0 -57.645 () Sufface 240 602 152 9§90 25
2 23497 0 0 23497 - -2386 25883
3 214830 330 0 215160 4,523 -219,683 (D STW 63.9 67 651 S84 9.7
4 119338 528 0 119,866 9.877 -109,989
5 77,859 2,347 0 80,206 40,147 -40,059. (3) Tosal 285 669 2,172 1,503 32
6 117,126 2,510 0 119,636 81,218 38418
7 128203 2,135 0 130,338 139,633 9,295
8 117,360 . 2,565 0 119,925 216697 96,772 Note : :
9 150,064 2,875 0 152,939 300,127 147,188 ERR ; Economic Internal Rate of Relum
10 3L117 3,243 0 40360 393,263 352,903 NPV . Net Presenl Value at discount
1t 0 2988 5580 - 83568 483916 475348 rate of 12% '
12 0 2988 0 2988 557,246 554,258 B-C Benefit minus cost
13 0 2988 6064 9052 610884 601832 B/C Benefit cost ratio
14 0 2088 2195 5183 645425 6402427
15 0 2988 4365 7353 654,521 647,168
16 0 2988 8133 11321 654,521 643,200
17 0 2988 - 2715 5703 654,521 648818
18 0 2988 3486 6474 654,521 648,047
19 . 0 2988 5785 8773 654521 645748
20 0 2988 0 2988 654,521 651,533
21 0 2088 5580 B,568 654,521 645,953
22 0 2,988 0 2988 654,521 651,533
23 0 2988 6064 9052 654521 645469
24 0 2988 2195 5,183 654,521 649,338
25 0 2988 4365 7,353 654521 647,168
26 0 2988 8333 11321 654521 643,200
27 0 2988 2715 5703 654,521 648318
28 0 2088 3486 6474 654521 648,047
29 O 29088 5785 8773 654521 645748
30 0 2988 0 2088 654,521 651,533
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