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Sugject: Review of Kurigram Flood
Control and Irrigation
Project Feasibility Report
(North Unit only)

Dear Mr.Toner

We enclose herewith ten (10) copies of
the report covering our review of the Kurigram Flood
Control and Irrigation Project Feasibility Report
(Revised and Updated) January 1975. This review was
carried out by our Messrs. T.C.Patterson and C.D.Slaugnmer
acting as Consultants to IJSAID under Work Order No.4
to USAII/ECI Contract No.AID/otr-c-1303,

The main conclusion reached is that although
the teasibili ty report i.s extensive, additiona] studies
need to h" carrie(d out before the North Unit can be
prIudiently t i nt ernational].y Financed. A revi sion of the
teasil):i. ity report, followed by interna tiona], lending
agency appraisal, negotiat.ons with the Bangladesh
(iovernmor) t on the scope and organi.zation of tile project,
Ond f.i nal doesi gn and construc t.ion, is an approach
which couli(I Ie adopted. However, since time is clearly
the essence of' agriculltural devc(,l-- opment: in Bangladesh
we have not recommended this frequently adopted but
time consuming course of acti.o n. Rlather , we have recom-
mended a mna gement tLean approach in which USAID, the
Bla ngliade6h Government and a fully qualified firm of
consuiltants work together, throughout the time required



to properly consider the several outstanding techni-
cal. problems, to fully define the scope of the project,
e stablish man;gemen? systems, and reach agreement on
all major aspects of tho project. Final design could
tvell start on selected a. pects of the project during
this same period once ful. project implementation is
assured. We consider that as USAID has a well staffed
mission in Dacca, and as USAID is provisionally interested
in financing the project implementation phase, this
approach is totally practicable, and should result in
the earliest possible start on const-uction. The sug-
gested phasing for the preparation of this Definite
Plan is given in Chapter 5.

Implementation of the project and realiza-
tion of project goals will require a considerable number
or trained personnel in design, contract administration,
supervision of construction, surveying, agricultural
extension, water management, operation and maintenance,
and other fields not only related to the North Unit but
to all accelerated agricultural development in Bangladesh.
It is strongly recommended that the scope of the project
include an effective goal orientated training program
for all levels of project personnel.

We should like to extend our sincere thanks
to you and the staff of the USAID mission in Dacca for
the "ery considerable help and cooperation given to us
during our review of the Kurigram Project.

If we can be of any further assistance please
let us know.

Yours very truly,

ENGINEERING CONSULTANTS,INC.

Colin D.Slaughter
General Manager

cc: USAID Washington
Encls. 10 copies of review report
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CHAPTER I

iNTRODUCTION

1. NEED FOR PROJECT

The Brahmaputra, Meghna, and Ganges rivers rise in the
Himalayas, converge and run together within Bangladesh,

and discharge as the Padma River into the Bay of Bengal.

Peak flows in the Padma River of up to 5 million cusecs

occur during the period June to September, when all

three rivers simultaneously carry surface runoff from

the melting snows in the Himalayas and the southeast

monsoon rains. Flows in the Padma River drop as low
as 200,000 cusecs during December to May when rainfall

is minimal.

The catchment area of these three major rivers is

600,000 square miles, of which less than 10 percent

is in Bangladesh. The continuous deposition of silt

and sand From these rivers has created the largest and

potentially most fertile delta in the world; a delta
which comprises almost all of Bangladesh. The combina-

tion of large flows in these rivers, widespread heavy

monsoon rainfall, cyclones and high tides in the Bay

of Bengal between June and September, annually in-

undate up to one third of the country's 55,000 square

miles, or up to roughly one half of the country's

35,000 square miles of cultivatable area. Usually,

one third of th- cultivatable area can be expected to be
flooded. This annual flooding supplies water for the

rice and other crops, but at the same time, by both

its severity and variability, causes considerable
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damage to crops and property, and frequently results
in considerable loss of life. It severe].y inhibits

national, rural and agricultural development.

The Bangladesh Government's current policy is to

increase foodgrain production so as to become self-

sufficient in foodgrains as rapidly as possible.
The population is at present in excess of 75 million

and is increasing at over 35 per year. The problem

of reaching this self-sufficiency is, therefore'

considerable. It is generally recognized that to

achieve the required rapid increase in foodgrain

production, the annual flooding must be reduced,

water required for year round crop production must

be made available when needed, and supporting agri-

cultural services must be improved.

Coupled with the need for rapid increases in agri-

cultural production is a need to create employment

opportunities for the present and future population

and, of course, an urgent need to reduce the rate of

population growth. With increased employment should
come increased income, increased purchase of food and

consumer goods (in that order), increased labour

productivity, and ultimately art improved economic

climate and standard of life. It is clear that the

problems in Bangladesh are extremely time sensitive

and interdependent, and that a dynamic investment

policy must be followed which takes urgent develop-

ment of the agricultural sector as its central aim

if these problems are to be huminitarianly solved.
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The Kurigram Flood Control. and Irrigation Project,

subsequently referred to as the Project, is in a

potentially highly fertile agricultural -L-ea which

suffers from annual flooding, a lack of irrigation

water, a lack of good drainage, and a lack of adequate

supporting agricultural services. Road, rail and air

access is poor and there is no supply of electricity

to the area. The area's standard of living is re-

ported to be below the national average. If the Pro-

ject is undertaken, there will be an immediate and

considerable demand for labour for construction.

Long term employment opportunities will be created

by the introduction of a boro crop and elimination

of the crop losses during the aus and aman crops.

Agricultural production will increase considerably.

The general standard of living in the Project area

will be increased and, through this, the problem of

reducing the population growth should be made easier.

Depending somewhat on the success of the latter, the

production of foodgrains in the Project area should

exceed that needed by the area's population, and the

benefits of the Project should spill over and help

development in adjacent areas,. The phased inclusion

of an adequate road network to and within the Project

area, and the provision of an electric power distribu-

tion system will greatly enhance the likelihood of

total success of the Project.

The (Zonsilt tants consider that proper implementation of

a carefully prepared Project plan would represent a

significant step towards satisfying the current and

future needs of Bangladesh and the Kurigram area in

particular.
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1.2 PROJECT DESCRIPTION AND HISTORY

The Project is bounded by the Brahmaputra River, the

Dudhkumar River, the Teesta River and the international
boundary with India. The Dharla River crosses the

Project area to discharge into the Brahmaputra and
divides the Project into a North Unit and a South Unit.

Each of the bounding rivers causes flooding at one time
or another during the monsoon season. Rainfall during

the monsoon season is highly variable, and drainage of

surplus runoff from certain parts of thn Project area

is poor. These factors combine to cause significant

loss to the aus and aman crops, inhibit the introduc-
tion of non-indigenous and high yielding varieties of

rice and other crops, and generally discourage the
farmers in their efforts to improve yields0  Inadequacy

in the quality, quantity and management of agricultural

inputs, and loosely established farmers' institutions

further hamper agricultural development in the area.

During the boro season, rainfall is minimal and essen-

tially no boro crop is grown in the area.

The Project was identified in the Master Plan prepared

in December 1964 for the East Pakistan Water and Power De-

velopment Authority by International Engineering Consul-
tants Inc. This Master Plan recommended early completion

of a feasibility report for a start of construction in

1968 and envisaged the following principle engineering
features. In the North Unit, there was to be a peri-
pheral flood embankment, an irrigation canal system

supplied from a pump station on the Dudkhumar River,
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and an improvement of the natural internal

drainage system. These drain were to dis-

charge by gravity through sluices in the flood

embankment; drainage pumps were stated to be

not required. In the South Unit, there was to

be a similar arrangement except that the pump

station was to be located on the Dharla River.

In 1969, Techno Consult Ltd. prepared the

"Kurigram Flood Control and Irrigation Feasi-

bility Report" for EPWAPDA. Details of the

proposals given in this report were not made

available for this review, but it is believed

that for the North Unit the concept was similar

to that proposed by IECO in 19614.

Following preparation of the 1969 feasibility

report, TECL were retained by EPWAPDA to revise

the report to include +he foll wing:- a general

updating; a plan for a pilot irrigation project

using groundwater resources; a formulation plan

ensuring that land use is consistent with pro-

ject development objectives; integration of all

associated disciplines in the Project plan;

utilization of all available relevant studies,

data and reports; consideration of the effects

of the Project on other developments; proposals

for operating the Project and individual tubewell

installations; personnel training requirements;

details of the governmental and legislated

action required for successful completion of the

project; and a study of the method of cost

recovery.
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This latter report, the "Kurigran Flood Control

and Irrigation Project, Feasibility Study and

Report (Revised and Updated), January 1975"

subsequently referred to as the Report, is the

subject of this review. The Report concludes

that for the North Unit, the development should

comprise a pump station on the Dudhkumar River,

a gravity irrigation canal system covering the

entire area, a peripheral flood embankment, and

an improved internal drainage system with four

pumping stations located at points along the

peripheral embankment to evacuate surplus runoff.

In the South Unit, the Report proposes a barrage

over the Dharla River, a head regulator and

gravity irrigation canal system serving the

southeast part of the Unit, a deep tubewell

irrigation system serving the northwest part of

the Unit, a peripheral flood embankment, and five

pump stations to evacuate surplus runoff.

It is understood that subsequent to preparation of

the Report in January 1975, the Bangladesh Water

Development Board requested certain minor modi-

fications. Details of these modifications were

not made available to the Consultants for this

review. They were, however, described by TECL

as being only minor changes in unit prices which

did not change the reported Project benefits.
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1.3 TERMS OF REFERENCE

The purpose of the review presented herein is to

generally evaluate tle completeness of the Report

as it relates to the North Unit only; to advise on

the adequacy of the Report to meet the needs of

international lending agencies; to recommend how to

carry out any further review which may be necessary;

and to prepare a scope of work for correcting any

critical deficiencies which may be present in the

Report.

The full terms of reference are reproduced in

Appendix C.

1 -7
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CHAPTER 2

CONCEPT OF PROJECT

2.1 RECOMMENDED PROJECT

The Report concludes that the North Unit project should

comprise the following elements (see Table IX-2A of

Volume I of Report).

- a flood embankment around the perimeter

of the North Unit.

- a surface water irrigation system supplied

from a pump station at the Pateswari railway

bridge, with necessary training of the

Dudhkumar River.

- improvement of the natural drainage channels

and evacuation of surplus runoff by gravity/

pump stations,

- provision of buildings and transport.

- construction of a transmission line and

sub-stations for electrical power distribution.

- a road system for servicing the project

infrastructure. (estimated at Tk2,000,000 only)
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2.2 ALTERNATE PROJECT DEVELOPMENTS CONSIDERED

- tubewell irrigation of entire North Unit;

- gravity irrigation of part of the North Unit

by constructing a barrage across the Dudhkumar

5 miles downstream from the Pateswari bridge;

tubewell irrigation of the remaining part of

the North Unit;

- gravity drainage of surplus runoff.



2.3 METHOD OF RATING ALTERNATE DEVELOPMENTS

The method of rating all alternate developments was

on the basis of economics.

The following table is a summary of economic results

for the North Unit with surface irrigation, flood

control and pump drainage.

Benefit Cost Ratio 13.6 @ 10% interest

9.4 @ 15% interest

Internal Rate of Return 128%

2 - 3
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CHAPTER 3

COMMENTS ON THE FEASIBILITY STUDY

3.1 PHYSICAL CONDITIONS

3.1.1 Land Forms

The entire area occupied by the North Unit was

created by the deposition of alluvium from the

four rivers traversing the area, the Brahmaputra,

Teesta, Dharla and Dudhkumar.

The topography is very gently undulating and

generally slopes from the northwest to the

southeast. Ground elevations in the northwest

are in the order of 100 to 104 feet, and ground

elevations in the southeast are about 82 to 86

feet. The project is about 18 miles long in the

northwest-southeast direction, giving an average

ground slope of approximately one foot per mile,

Typical of delta topography, the North Unit area

abounds with minor meandering streams, shallow

depressions and land locked beels. Under the

existing agricultural system, the poor drainage

from these depressions and beels has distinct

advantages in that the monsoon rains are retained

for irrigation of the aman crop during its

October flowering period.
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Soils in the area generally range from light

coloured fine sands to medium to dark grey

silts. The soils are generally uniform in

texture and are generally very fertile. No

saline conditions were noted and advice from

TECL was that none exist.

The Consultants consider that the Report

adequately describes the general surface

conditions.
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3.1.2 Geology and Lithology

The primary geological features in the region

are the Himalayas to the north, the Indian mass

of ancient rocks to the west and the Malaysia

- Burma fold arch to the east. Bnngladesh is

located where these three major complexes meet.

The vast region south of the Himalayas has

been described as an east west trending trough

filled with alluvium. Deposited on and inter-

fingering with these deposits are the Teesta

fan deposits comprising fine to coarse sands

with lenticular deposits of silt and clay. The

Indian mass of rocks, which is reported believed

to be pushing beneath the Himalayas and the

Malaysia - Burma arch, lies beneath the Kurigram

Project at too great a depth to be of any

practical influence on the Project. The over-

lying alluvial deposits form a source of

abundant groundwater, as discussed in Chapter

3.2.3.

Since the entire Project will be constructed

in alluvial. materials of considerable depth,

and since the structures themselves are rela-

tively minor, the location and extent of any

faulting in the basement rocks is of no major

concern to the Project. The region is,

however, tectonically active and the larger

structures will have to be designed for

earthquakes.
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The surface geology is described in various

publications as being predominantly "stream-bed,

meandui'-belt, flood plain and low level terrace

deposits including some swamp deposits." In the

western portion of the North Unit, the surface

deposits are somewhat coarser and have beer.

described as "silt, sand and gravel deposits

at a slightly higher level than the adjacent

flood plain and low level terrace deposits".

During the Consultants' field trip it was

observed that the deposits laid down in the

lower reaches of the Dharla and the adjacent

reaches of the Brahmaputra were anisotropic

and consisted of layers of silt and fine, mica-

ceous sand. This is to be expected. During

times of high stage in alluvial streams with

considerable variation in flow, the stream

carries a considerable amount of relatively

coarse grained material as both bed load and

suspended sediment. When the river overtops

its banks, the water spreads out over the river

terraces and carries with it the suspended silts

and sands. The velocity of flow over the terraces

is considerable less than in the mainstream and

the coarser particles settle out forming a system

of natural levees along either side of the river

channel. Later, as the river stage drops, the

water's velocity over the terraces further

-4



decreases and the finer silts settle out from

siupension. In interior beels where the

overbank spill is entrapped, the finest sus-

pended particles settle out as the water eva-

porates or percolates into the ground.

The Report does not present the geology and

lithology of the region in much detail. However,

for a purely surface irrigation system, as

recommended in the Report for the North Unit,

it is considered that extensive study of the

geology and lithology is not justified as sub-

surfaice conditions play a relatively minor role

in determining the scheme's technical and economic

feasibility. While it is believed that foundation

conditions at the pump station site, as proposed

or as relocated, will not have a great impact on

the North Unit's feasibility, it is considered that

drill holes should be put down to determine exact

subsurface conditions at each pump stat.on as soon

as their locations are fixed. This is discussed

further in Chapters 3.5.1 and 3.5.3. Similarly,

that subsurface conditions along the main and

branch canals be ascertained as soon as their

alignments are essentially firm to confirm that

lining is or is niot required. See Chapter 3.5.1.

The adequacy of the subsurface investigations for

determining the feasibility of groundwater deve-

lopment in the North Unit is discussed in

Chapter 3.2.3.
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3.1.3 Communications

Access to the North Unit is poor, as can be

seen from the following tabulation. This has

not always been the case, however. Before

partition in 1947, the East Bengal Railway ran

through Lalmanirhat, crossed the Dharla River,

ran across what is now the North Unit, crossed

the Dudhkumar on the Pateswari bridge, and

connected with the narrow gauge Assam Rail-

way. Unfortunately, this railway line

cannot be easily reactivated as the bridge

across the Dharla River and some 13 miles of

railway embankment between Lalmanirhat and

Pateswari are in Indian territory.

Road access to the North Unit has always been

poor and river crossings have always been made

either across the railway bridges on foot, or

by country boat.

The Consultants were advised that there is

only one telephone line into the North Unit

from Kurigram and that when this goes out of

action, the only means of communication is by

police or military radio.

Communication with the North Unit must be im-

proved prior to starting major implementation

work. Otherwise, transport of men, materials

and equipment to the site, and supervision of

construction will be extremely difficult and

time consuming, and project benefits will be

delayed beyond reasonably acceptable limits.
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The Consultants, consider that improve-

ment of communications must be included as part

of the North Unit project, and undertaken as early

in the implementation program as possible. The

following steps are recommended:

- complete the partially completed road between

Rangpur and Kaunia, and between Teesta and

Kurigram. Most of the embankment and a small

part of the surfacing are reported completed.

- modify the decking on the Kaunia-Teesta rail-

way bridge to make it suitable for vehicular

traffic.

- ensure that radio or telephone communications

between Dacca and Kurigram are good, not just

barely adequate.

- improve telephone communications between

Kurigram and the North Unit, and provide

telephone communications within the North

Unit.

- reactivate the airstrip at Lalmanirhat and

improve the surfacing of the road between

Lalmonirhat and Kurigram.

make arrangements whereby senior project

personnel can travel by helicopter or light

aircraft between Dacca and Lalmanirhat. Early

assignment of a helicopter to the Project is

recommended as it would be invaluable during

both the design and implementation stages.
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- provide short range radios for senior site

staff for the design and implementation phase.

Improvement of communications within the North

Unit should also be made part of the North Unit

project. As far as the roads are concerned,

this will entail integration of the existing

road system with the canal road system,improving

the existing system where necessary by raising

the road embankment, constructing culverts and

ditches, widening, providing cross drainage,

laying a crushed brick surfacing or brick soling,

and, where the road is to act as a main feeder

road,providing an all weather macadam surfacing.

To facilitate water management, telephone commu-

nications should be provided between the Dudhkumar

pumping plant, the drainage plants, the central

administration centre for the North Unit and

strategic points throughout the system.
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PROJECT ACCESS SITUATION

Road Rail Air Water

National Asian Highway, Calcutta to Dacca. Broad gauge rail service Many international car- Deep sea port facilities
Calcutta to Jessore riers fly into Dacca are available at Chittagong

airport and Chalna. Shallow water

facilities available at
Dacca

Regional By single lane paved road Dacca - Ballasted metre gauge rail Regular service from Possibly powered barge
Rangpur with a steamer ferry crossing service Rangpur-Kaunia- Dacca to Thakurgaon, access from Dacca toof the Brahmaputra (Sirajganj, Pabna Teesta-Lalmanirhat. Lal- Dinajpur District.Thakur- Project area (Chilmari?)District-Sibalay, Dacca District) and manirhat is a large rail gaon to Rangpur takes during early and latea powered ferry crossing of the Karatoja depot. 4 hours by road. monsoon periods.
(Raiganj, Pabna District). Time is 12
hours downstream, 14 hours upstream.

South Unit Rangpur-Knunia, kucha dirt road only at Ballasted metre gauge nl

present. Reported unusable during Teeste-Laimanirhat. Die-
hoight of monsoon. New road under sel driven trains used
construction, on this line.

Teesta-Kurigram -ditto- Unballasted metre gauge A disused contrete paved A ferry operates acrossTeesta-Kurigram-dhilmari. military airstrip, re- the Teesta during low
Fanri to village roads are kucha dirt O.ly light steam engines ported to be 7,000 feet flow season onlyand reported unusable during monsoon use this line due to lack long, is located about
season, of ballasting. 3 miles from Lalmanirhat

Village to market towns of Kurigram
and Lalmanirhat -ditto-

There is no road crossing of the
Teesta into the South Unit.

North Unit Single lane concrete road from Nil Nil A country boat ferry
Bhogpanga (opp. Yurigram across the operates across Dharla
DharIa. 

River when water depths

Farm to village roads kucha dirt. are adequate.

Village to market centres - ditto-



3.1.4 River System, Regimes and Development

The Teesta, Dharla and Dudhkumar rivers all rise

in the Himalayas and flow southeast to south-

southeast across relatively flat alluvial land

in the Cooch Behar area in India before entering

Rangpur District in Bangladesh. The catchment

areas of these river are given in the Report as:

Teesta - 41900 square miles

Dharla - 1,980 square miles

Dudhkumar - 2,240 square miles

The Teesta is by far the largest of these rivers

and has been responsible for the formation of the

majority of the alluvial fan covering the

Project area. This fan appears to have been

at least partly responsible for the abrupt change

in the Brahmaputra's direction of flow from a

westerly direction through the trough between

the Shillong Hills and the Himalayan foothills,

to a southerly direction through Bangladesh.

This abrupt change in direction occurs right

at the Project area with the Project area

on the outside of the curve. The upper reaches

of the Brakmaputra are migrating westwards.

This and the fact that the Project is on the

outside of this major curve in the river means

that considerable care must be taken when laying

out a flood embankment on this reach of the

Brahmaputra River.
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East of the Project area, the bed material

of the Brahmaputra River becomes increasingly

coarse, and is reported to consist of boul-

ders some 50 miles from the Project area.

Further upstream, the river is reported to

become progressively narrower and deeper and

to flow between basement rocks.

Information in the .Report on sediment trans-

port by the various rivers in the Project

area is sparse, and the Report recommends

bed-load sampling on the Dharla and Dudhkumar

Rivers. All rivers, however, clearly carry

heavy sediment load as evidenced by their

braided pattern. From the nature of the ter-

rain through which the various rivers flow,

and from the pattern of the rivers, it is

anticipated that the Brahmaputra and Teesta

rivers carry a heavier, coarser sediment

than the Dharla and Dudhkumar rivers, The

Brahmaputra is highly braided at the Project

and the river valley is approximately 9 miles

wide. The Teesta is also highly braided.

From aerial photographs (1952-53, 1:63,000),

the Dharla River is less braided than the Teesta

or the Brahmaputra rivers and the valley is

approximately 11 miles wide. The sides of the

valley are between 1 and 3 miles from the

1952-53 dry weather channel. The Dudhkumar

River appears to be the least braided of all

four rivers. The valley is about 3 miles wide

and the sides of the valley are from 1 to 2
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miles from the 1952-53 dry weather channel.

See Figure 3-1. The 1975 series of aerial

photographs do not, unfortunately, cover the

Dudhkumar River, probably due to its proximity

to the international border. Based on the

1952-53 photographs, however, the Pateswari

railway bridge forms a stable point in the

river, and the river is reasonably straight

immediately downstream from the bridge for

about 21/ miles. In this reach, there are

several sand bars and some braiding. After

that, however, the river develops a highly

sinuous meander pattern with normal bank cut-

ting on the outside of the curves. A compari-

son between the 1952-53 photographs and up-to

-date photographs would give a good indication

of the relative stability of the river reaches

both upstream and downstream of the bridge.

The need to train the stretch of river upstream

and to the east of the bridge must be considered.

If the river erodes the railway embankment at

this location, the bridge could well be out-

flanked and a pumping station at the bridge

totally bypassed.

The hydrograplhs given in the Report indicate

that the Dharla and Dudhkumar Rivers have some-

what flashy characteristics during the monsoon

season. These two rivers are relatively short

and do not rise as deeply in the Himalayas as
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the Teesta and Brahmaputra rivers. Runoff

from snowmelt would, therefore, be less and

would contribute a lesser portion of the total

flow during the monsoon season. Monsoon

storms would thus be expected to have a greater

influence on the shape of the hydrographs and

produce the flashy characteristics.

Bank movements of the Brahmaputra between 1830

and 1963 were studied by IECO and are sum-

marized as follows:

Reach Right Bank Left Bank

Mouth to Dhaleswari River 20,600 ft W 1,000 ft W

Dhaleswari River to Sirajganj 11,500 ft- W 6,900 ft E

Sirajganj to Gabragaon 8,800 ft W 13,200 ft E

Gabragaon to Old Brahmaputra 24,300 ft W 11,300 ft W

Old Brahmaputra to Teesta River 31,900 ft W 22,600 ft W

Above Teesta River 13,600 ft-W 10,100 ft i

In Professor J.M. Coleman's Paper (Brahmaputra

River: Channel Processes and Sedimentation),

movements of the Brahmaputra banks in the Project

area are given as follows:

Reach igh Bank Left Bank

Chilmari at Teesta-Brahmaputra
Confluence

1944i-1952 1,200 ft/yr W 1,150 ft/yr W

1952-1963 0 ft/yr W 200 ft/yr E
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The above figures clearly indicate the general

movement of the Brahmaputra towards the west and

the variabi].ity of that movement. At the Teesta

-Brahmaputra confluence the flow patterns are

complex and the backwater effect of each river

on the other highly variable. The bank lines in

this area, and at the mouths of the Dharla and

Dudhkumar rivers, are expected to be quite unstable.

There are several developments contemplated for

the future which have a bearing on the future

behaviour of the river system in the Project

area. The Teesta Barrage, if constructed, will

be located about 35 miles upstream of the Kaunia

railway bridge. This structure will divert

irrigation water from the Teesta for irrigation

of approximately 1,500,000 acres in Rangpur and

Bogra Districts. The peak winter diversion

requirement will be approximately 3,580 cusecs

and will reduce flows in the Teesta at the

Project site to a very low level. Sediment

transport during low river stages is a small

percentage of that carried at high stages so

that this reduction in river flows will have

relatively no effect on sediment deposition in

the reach downstream of the barrage. At high

stage, the diversion requirement will be only

about i% of the total river discharge, so again

diversion will have a small effect on sediment

deposition downstream of the barrage. This

almost non-interference with sediment deposition

is :impo:-tan t si:ice a significant reduc t:ion in

deposition at the Teesta River's confluence with

the Brahmaputra River could allow an acceleration

of the Brahmaputra's westerly migration.
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It is understood that preliminary plans have been

made for a road bridge across the Teesta River

within the Project area. This will have no

significant effect on the river regime other

than in the reaches immediately upstream and

downstream of the bridge.

The Report proposes a barrage on the Dharla

River just upstream of Kurigram and a canal head

regulator in the right abutment of the barrage

to divert about a maximum of 1,500 cusecs for

irrigation of the South Unit. For reasons similar

to those for the Teesta barrage, this development

is unlike].y to have a major effect on sediment

transport or on the stability of the west bank of

the Brahmaputra River. However, a barrage struc-

ture, with its upstream and downstream guide banks

(not proposed in the Report), represents a very

significant restraint on the river regime and

upsets the sensitive balance between the stream

bed material size, the water surface slope and

the meander pattern, particularly downstream of

the barrage. Any embankments constructed to

prevent flooding of the North Unit by the Dharla

River must therefore be located taking possible

future construction of a barrage into account.

Certain river training works have been carried

out on the Dharla River at Kurigram township in

an attempt to protect the town from bank erosion.

From the aerial photographs and from various

reports, it would appear that the measures taken
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have not been entirely successful. Future

attempts to arrest this erosion could signifi-

cantly affect stability of the river channel

and endanger the North Unit Flood embankment

along the left bank of the Dharla. Future town

protect:ion works must be considered in final

design of the North Unit embankment.

The Report proposes that the supply pump station

for the North Unit be located on the Dudhkumar

River just downstream of the railway bridge at

Pateswari, Other than the North Unit embankment,

no other possible developments are know of on

the Dudhkumar River.

The lengths and drainage areas of the brahmaputra,

Teesta, Dharla and Dudhkumar Rivers on the Indian

side oY the border are considerable, and the

Report states that many miles of embankment have

been built along these rivers in India. Signi-

ficant further development of these rivers Vy

India is a distinct possibility which will re-

quire careful checking.

If the full agricultural potential of Bangladesh

is to be eventually real.ize(l, the rivers in

Bangladesh mu st be contained within embankments.

This was proosed in the Master Plan, and appears

to be generally accepted by vriou autholr ties

as the most pract ical sol.ution to the I'lood:inig

pro , 1 em. Once t.he r ver. s are Coll ta i ned wi thin

eml)ankml, ts , h ow eveI, th l)eha, viour of' tho rivers

will si gni fican tly change. Scour depth , river bed

prof-iles, meal(er ampli tude and frequency, and the
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ferocity of the rivers' attack on embankments

as the river tries to readjust to, the imposed con-

strairl:.- will increase. Other phenomena such

• ,s the bu.ld up of coastal sediments may also have

significant effects on the river regimes. The

entire river containment program should be care-

fully engineered on both a national, basinwide and

project basis. Some steps have been taken towards

understanding the Bangladesh rivers, but as yet

the mechanics of the entire system are not clearly

understood, either as the system exists today or

as the system would be as eoch of the various

project embankments are completed. No one segment

of flood control embankment, such as the North

Unit embankment or the Dacca Southwest embankment,

will have a pronounced effect on the river system

However, the Consultants consider that progressive

construction of embankments without knowing what

the short, medium and long term effects will be

is imprudent. Failure of embankments could be

sudden and catastrophic. It is, therefore,

recommended that this overall problem be exten-

sively studied and a suitable model developed

to provide overall criteria for the containment

program. It is further recommended that tnis

study be undertaken before too many containing

embankments are constructed. It is not expected

that this study would be performed as part of

the Project studies,

The Report does not address the problem of

future behaviour of the rivers in the Project

area in any detail, either from the point of
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view of the Project's effect on river regimes,

or from the point of view of the effect other

projects may have on river regimes and thereby

on the Project. Being at the northernmost

end of the Bangladesh portion of the Brahinaputra,

developments within Bangladesh cannot affect the

Project. This is one advantage the Project has

over alternate projects further downstream.

However developments in India and within the

Project area could have significant effects.

It is considered that these possible effects

need to be studied in more detail in the pre-

final design stage.
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3.1.5 Socio Economic Conditions

The general socio-economic conditions throughout

Bangladesh are well known and the Report presents

particular details of conditions in the Project

area. These can be summarized as follows:

- population 600,000 (1975)

- Project area 261,000 acres total

215,000 acres cultivated

- population density 2.8 person/cultivated acre

- rate of population growth +3%

- literacy rate +20%

- population age distribution (1969)

0 -9 years 110%

10-19 years 16%

20-39 years 27%
40-59 years 13%

60+ years W%

Males and females are about equal in number.

Note that about 56% of the population was

under 20 years of age in 1969.
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- average farm size North Unit 3.3 cultivated acres

South Unit 3.6 cultivated acres

industries in North Unit - 2 brick factories

- minor cottage

industries

in South Unit - I brick factory

- minor cottage

industries

- rail terminal at

Lalmanirhat

- township enterprises

at Lalmanirhat and

Kurigram

The North Unit economy is almost totally based

on agriculture. The conditions in the Unit can

be gauged from the following calculation

based on Table IV-3A of the Report.

- population about 280,000 persons

- cultivated area 77,100 acres
- annual rice yield 1,300,000 maunds

(no catastropnic losses) paddy
- annual jute yield 200,000 maunds

(no catastrophic losses)
- annual rice income Tk65,000,000

- annual jute income TklO,O00,000
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rice yield/person = 4I.6 maunds paddy

= 267 lbs rice

consumption per person should be about

1 lb/day = 365 lbs

Per person annual jute income = Tk 36

This buys about 60 lbs of rice.

Vegetables are grown for local consumption

only.

From this simplified calculation, it can be

seen that the North Unit as a whole is barely

at subsistence level.

The Report does not analyse the average amount

of land owned and rented by the average farmers

or present clear details of rental costs and

tax burdens. This information may be too hard

to assemble in any definitive form, but should

be determined as accurately as possible in order

to present a clear picture of benefits to the

farmer for international lending agencies.

The socio-economic conditions are clearly bad,

and it is considered unnecessary to analyse

present conditions to a very fine degree before

implementing the North Unit project. A bench-

mark socio-economic survey should, however, be

carried out in the North Unit as part of he

project in order to determine and analyse the

effects of the project. This survey should be

initiated later in the pr'e-F'.inal design stage so

that should the international lendi.ng agencies

require more dnta before committing funds, it

could be presented without excessive delay.
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3.2 HYDROLOGY AND CLIMATOLOGY

3.2.1 Meteorology

The major items of climatological input used in

the Report for the various analyses performed

were rainfall, temperature, humidity, evapora-

tion, wind speed and daylight hours.

3.2.1.1 Rainfall

Rainfall data from Kurigram 1902-date;

Ulipur, 1961-date; Lalmanirhat, 1962-date;

Bhurungamari, 1963-date; Chilmari, 1963-date;

and Kaunia, 1962-date was considered for prepa-

ration of the Report. All six stations are

located within or on the periphery of the Project

area. As the Kurigram station is centrally

located and had the longest period of record, all

rainfall studies were based on data from this

station.

During the Consultants' field trip to the Project

area, moisture conditions in the North Unit

appeared noticeably different from those in the

South Unit, indicating possible local variation

in precipitation patterns. This was confirmed

in discussion with local officials. A network

analysis of the North Unit using precipitation

data from Lalmanirhat, Bhurungamari and Kurigram

should yield more reliable data for the North

Unit than if Kurigram station alone is used.

Provided that Lhere is good correlation between the
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stations at Lalmanirhat and Bhurungamari and

the station at Kurigram, the records at the

first two stations could be extended using

those of the latter. It is believed that this

approach would yield more applicable monthly

rainfall data for the North Unit.

The Kurigram rainfall records were used in

conjunction with the Master Plan frequency

analysis data for determination of effective

rainfall. A 90 percent exceedence frequency

rainfall was used as the design rainfall. Thus,

any change in the North Unit rainfall assumptions

will affect the effective rainfall determina-

tions and hence diversion requirements. The

studies of drainage requirements will be simi-

larly affected.

The Report states that daily rainfall records at

the six stations mentioned above cover only 3 to

6 years and are inadequate for an independent

storm frequency analysis, However, not all

records available were considered as can be seen

by reference to Figure 3-2. Daily rainfall records

have generally been kept since 1961, so that some

I years of daily records are currently available

for the Project area. Monthly records have been

kept at Kurigram and Ulipur since 1902.

Although the Report states that daily rainfall

records are not sufficient for storm frequency

analyses, such an analysis was in fact under-

taken in Appendix A of Volume II from records re-

ported available for Kurigram stntion for the years
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1946-4t9 and 1961-67. This analysis was undertaken

as a preliminary step in the drainage study for

the N3 drainage basin. A comparison of results

obtained from this analysis with those developed

from data in the Master Plan is as follows. Both

sets of results are for a 10 year frequency storm.

Rainfall in Inches

Duration 1 day 3 day 10 day

Master Plan 8.5 14.9 23.3

Kurigram Record 5.8 9.8 18.o

These results are significantly different and

point up the differences in methodology.

It is considered that not only should tle rainfall

assumptions for the North Unit be re-studied for

their effect on effective rainfall and diversion

requirements, but that the storm duration-frequency

analyses for the drainage studies should also be

re-studied. Clearly, all available data should be

used when re-studying the hydrology, and every use

made of correlation and extension techniques.

The tabulation of available hydrological

and meteorological data given in Figure 3-2 was

prepared by BWDB Hydrology Section for the Con-

sultants.
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3.2.1.2 Temperature, Humidity, Evaporation
and W.indspeced

The temp,-rature, humidity, evaporation and

wind speed data used for preparation of the

Master Plan was used for consumptive use deter-

minations in the Report. This data was that

recorded at Rangpur up to 1962, BWDB has

indicated that this data is available from

1961, suggesting that two years only were used

in the Master Plan. Use of the full record

would result in more reliable empirical con-

sumptive use determinations.
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3.2.2 River Hydrology

Three rivers affect the North Unit; the Brahma-

putra, the Dharla and the Dudhkumar. Peak water

levels in all three rivers will affect flood

embankment heights while the minimum flow in

the Dudhkunmar could affect the area to be

irrigated by the pump station located on its

banks.

The available stage and discharge records are list-

ed in Figure 3-2 and the locations of the gaging

stations in Figure 3-3. On the Brahmaputra

River, daily water level records are available

at Old Bahadurabad (Station 47L) from 191i9

to date, and discharge records from 1949-1966.

At Bahadarabad Transit (Station 46.9L) daily

water level records are available from 1964

to date, and mean daily discharge records

from 1966 to date. B.hadurabad is about 40-50

miles downstream from the North Unit. At the

south Unit, Chilmari (Station 45.5), daily

water levels are available from 1957 t3 date.

At the North Unit, Noonkhawa (Station 45),

daily water levels are available from 1957

to date. There are other stations close to

Bahadurabad.
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On the Dharla River at Kurigram, daily water

levels are available from 1946 to date, and

discharge records from 196i to date, The

BWDB Hydrology Section questioned the relia-

bility of the discharge data because of the

Brahmaputra backwater effect, and also the

gage readings especially at high flows. Further

upstream, near the international boarder

daily water levels have been recorded at Taluk-

simulbari since 1960,

On the Dudbkumar River there is only one dis-

charge and gaging station. This is located at

the Pateswari railway bridge,, Daily water

level records and discharge records are availa-

ble from 1960.

The above discharge records are reported by

BWDB Hydrology Section as being "about weekly"

up to 1963 and mean daily thereafter.

In the Report, water levels and their frequency

of recurrence at nine different stations were

analysed for preliminary design of the North

Unit embankments, The 100 year frequency water

level was selected for design of the B-ahmaputra

embankment, and then combined with th' 100 year

Teesta water levels for design of the Teesta em-

bankment, the 50 year Dudhkumar water lbvels for

design of the Dudhkumar embankment, and the 100

year Dharla water levels for design of the Dharla

embankment. The period of record at each of the

nine stations was extended by correlation as follows:
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River Station Extended Using

Brahrnaputra Noonkhawa Bahadurabad

Brahmaputra Chilmari Bahadurabad

Brahmaputra Kamarjani Bahadurabad

Brahmaputra Bahadurabad

Dharla Taluksumulbari Kurigram

Dharla Kurigram

Dudhkumar Pateswari Kurigram

Extension of records using Kurigram data is consi-

dered questionable because of the backwater influence

of the Brahmaputra. The Consultants were unable

to obtain detailed information on the correla-

tion coefficients from the analyses in the Report

so were unable to fully judge the ddequacy of these

analyses.

No attempt was made in the Report to run discharge

frequency analyses on the Brahmaputra or Dudhkumar

rivers.

In connection with the Dharla barrage, the 100

year frequency flood was, however, predicted

as follows:

Eleven years of daily flows on the Teesta River

were analysed using a standard frequency analysis

to arrive at a 100 year frequency flow in the
Teesta of 1O0,O00 cusecs. This discharge and the
Teesta drainage area were then substituted into

the following equation to determine the factor

K for the Teesta basin.
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Q = KA n  where: Q = flow in cfs

K = factor based on watershed

characteristics

A = drainage area in square

miles

n = 1/2

The Dharla basin was then assumed to have the

same watershed characteristics, and hence the

same K. Then, by substituting the Dharla drain-

age area and the factor K into the above equation,

a 100 year Dharla flood of 2511,000 cusecs was

de termined. As the maximum recorded discharge

on the Dharla during the period of about nine

years apparently studied for preparation of the

report is given as 228,000 cusecs, a design

flood flow of only 251i,000 is seriously question-

ed. An alternate approach could have been studied.

Simulteneous periods of record on the Teesta and

Dharla rivers could have been correlated anid the

records for the Dharla River at Kurigrani an("

Ta].uksimulbari extended. Frequency analyses could

then have been carried out on these ext ended

records to give a flood flow value at the frequency

selected.

In the absence of there hein g long term recor(s,

empirical formlae, envelope curves for similar

watersheds, Fre(iiency abalyses even though qlues-

t:i.onable, ;,nd other "order of inagni, tude" methods

have to be employed and the results compared.

For a major structure such as the Dharla barrage,
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a hydlrometeorological study to determine the

probable maximum precipitation over the basin

and hence the abso.ute maximum possible river

discharge should be considered d(Oendi.ng on the

adequacy of other data. These various 'esults

should then be tempered wi th sound judgement

bearing in mind the possible damage which could

result from overtopped embankments, deliberate

breaching of the embankments at pre-selected

locations just prior to overtopping, and so on,

and the design Flow selected.

In the determination of the 1)harla barrage

discharge, the l)harla and Teesta rivers were

considered as having the same watershed charac-

teristics. Due to the fact that the Teesta

rises deeper iin the llimalayas than the Dharla,

this is questioned.

The Dudhkumar flow records used in the Report

were for the period 1961-64i and 1967-70. During

this period the peak flow was 216,000 cusecs and

the miniimum was 2,190 eusecs. The maximum dry

season diversion requirement was given as 27, 86

acre leet over 15 (lays in Tabte [I1-17 of Volume I.

thait is, approxima tely 93"t cusecs. The safety

margin appears adequate, except that. the diversion

requirements are questioned )y the Consultants

in Chapto' 3.2.11 and *73.2.5, ;,r(l the C11J 1 set of

records appea's not to have been studied For

prep)arhaition ofF the R~eport. If' di.versi-oln require-

ments are fi1med up andi a river discharge 'requency

analyses carri ed out, the chance of' the dry weather

flow being inadequate to supply requirements
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can be determined. The tolerable interference

with flows by India can also be determined.

If these studies are combined with a rainfall

drought study, the chance of major crop failure

due to inadequate river flows and inadequate

rainfall occurring at the same time can also be

determined.

Since the feasibility of an irrigation project

depends so much on the adequacy of the water

supply, it is common and sound practice to

fully complete all hydrologic studies before

embarking on project implementation. It is

considered that the studies undertaken so far

indicate the "order of magnitude" only, and

that full studies should be carried out during

the pre-final design stage.
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3.2.3 Groundwater Hydrology

It has been recognized for some time that the

groundwater resources of Bangladesh are a
valuable asset to the country, and conside-

rable development and utilization of this

valuable resource has been undertaken in

many parts of the country in recent years,

Under the ongoing IDA Deep Tubewell Project

some 3,000 tubewells will be installed through-

out the country. Twenty of these wells are

programmed for the North Unit and 50 for the

South Unit.

The Report considers utilization of ground-

water for irrigation in both the North and

South Units in two ways, as the sole source.

of irrigation water and as the source of

irrigation water for only a portion of the

area. For the North Unit, the Report con-

cludes that any utilization of ground water

is not economically feasible.

At the time of starting the up-dated version

of the Report, information on groundwater

conditions in the Project area was minimal,

although conditions were believed to be good.

The up-date of the Report was to include a

BWDB groundwater investigation program, but

the program was apparently severely re-
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duced and only three of the eight programmed bore

holes and two of the four programmed test wells

were apparently completed in the North Unit.

Bore holes Nos. 1 and 3 are located in the

northern portion of the North Unit and No. 7
is located in the south-central portion. Well

tests were performed in bore holes Nos. 3 and
7. In addition to the data obtained from

these bore holes and tests, the Report utilizes

records and test data from 16 wells recently

constructed by the Bangladesh Agricultural Develop-

ment Corporation (BADC) in Kaunia, some 20 miles

or more from the centre of the North Unit,
The value of this data with respect to the

North Unit is questionable because of its

distance from the North Unit. Groundwater

contours were developed from observations made

in eight domestic wells within the Project

area during the period 1967-68 and in 1973.

The number of these wells in the North Unit is

not clear. Plate 111-4 in Volume I of the

Report shows only one well in the North Unit,

whereas the large scale Plate III-4 in Volume

III of the Report shows four in the North Unit

for the 1968 observations and two for the 1973

observations.
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Analysis of the step drawdown pumping tests on

the 16 BADC test wells in Kaunia, and wells

Nos. 3 and 7 in the North Unit, were under-
taken for the Report. Transmissivities of

84,ooo to 310,000 gallons/day/foot and capaci-

ties of 112 to 155 gallons/minute/foot of draw-

down were estimated. A modified Jacob method

was used. The results are considered question-

able as the usability of pumped well drawdown

data obtained during a step drawdown test is

limited for determining aquifer constants.

It is to be noted that observation well data

was available for well No. 7, but was not

used. Also, in reviewing TECL's files, the

origin of the data used to derive the constant

discharge drawdown versus log time relation-

ship plotted as Figures 111-15 and 111-17

could not be determined.

Using raw data provided for well No. 7 and

the four observation wells, the Consultants

performed a number of analyses using accepted

techniques to better define the North Unit

aquifer conditions. Non equilibrium analyses

were performed on drawdown data obtained

during Step 1 of the step-drawdown test, and

non-equilibrium analyses were carried out

on recovery data from the same five wells.

Resulting transmissivities ranged from 120,000

to 900,000 gallons/day/foot. The storage
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coefficients were as low as 10- 1 indicating the

possibility of semi-confinement. This is incon-

sistent with literature describing these alluvial

aquifers of Bangladesh.

Although evidence in the report and the Consultants

additional analyses are inconclusive, there appears

to be some indication that the aquifers, when ground-

water levels are at their highest in June and July,

behave as semi-unconfined aquifers. It is probable

that during April or May, the period of the lowest

groundwater levels, the aquifers are totally un-

confined.

The three exploratory borings in the North Unit

show general lithologic correlation. However, the

alluvial constituents are generally coarser in the

south, suggesting that groundwater potential may

increase from north to south.

If, during the early part of the pre-final design

stage, the use of groundwater appears to compete

favourably with using the Dudhkumar as a source of

irrigation water, several investigation procedures

should be initiated as follows.

A network of twenty to thirty observation wells

within the North Unit and a sufficient number around

the outside of the North Unit to define regional

conditions should be established. Existing domes-

tic wells, and certainly those which were monitored

for preparation of ti .e Report, should be used where-

ever possible. These wells should then be read every

two weeks, contour maps prepared and the fluctuations

correlated with rainfall in the observation area.
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To firmly establish aquifer conditions, constant

discharge long term pump tests should be conducted

at well No. 7 with close technical supervision using

the existing observations wells. This would allow

study of dela:ed gravity drainage effects and an

evaluation of recharge characteristics if the steady

state is reached. Two observaition wells should be

drilled near well No. 3 and similar tests conduct-

ed there. Two additional test wells, each with two

observation wells should be constructed, one in the

northwest part of the North Unit and one in the

southwest part of the North Unit, and similar tests

carried out. It is possible that these tests could

be carried out as part of the IDA Deep Tubewell

Project. First pump tests should be scheduled in

April/May and a retest in mid-July.

An important factor in the long term operation of

a tubewell field is the groundwater recharge during

a period of pumping use. Extraction of groundwater

results in lowering of the water table and thereby

an increase in pump lift and pumping cost. Unless

the extracted water is periodically replenished,

the cost of extraction can become prohibitive and

eventually the well field can become useless. The

recharge potential in the Project Area was deter-

mined in the Report from a water balance study and

from direct measurement of groundwater fluctuations.

In the latter, a storage coefficient was estimated

as 0.2. The Consultants believe that storage coef-

ficients are lower than estimated in the Report,

and that they may vary with groundwater levels due

to semi-confinement, Only four (maximum) observa-

tions wells were located in the North Unit for the
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1968 observittions, and only two (maximum) for the

1973 observations. Several judgement factors

relating to run-off versus rainfall, questioned

consumptive use determinations as discussed in

Chapter 3.2. 11, and inadequate basic data for esta-

blishing subsurface inflow gradients were used

in determining the aquifer recharge potential. It

is considered that the data on which these recharge

calculations were based is inadequate and therefore

the results unreliable. If, during the pre-final

design stage, the use of groundwater sources becomes

economically and practicably attractive, then it is

recommended that a more vigorous and systematic

approach using more reliable data should be adopted

to define recharge potential and the ability of the

aquifer to provide long term yields.

Notwithstanding the above comments on the general

adequacy of the Report with respect to groundwater

potential, the Consultants are optimistic that the

aquifer characteristics and recharge potential

would be suitable for full agricultural development

of the North Unit using groundwater. The North Unit

lies in the Teesta fan, comprising thick lenticular

deposits of fine to coarse sand, with some silt,

clay and gravel deposits. Literature indicates that

groundwater in the area is unconfined and that

domestic supplies of good quality water can be obtain-

ed from "shallow tubewells" only 25 feet deep. In

the Thakurgaon Tubewell Project, Dinajpur District,

the a.uifer is unconsolidated quarternary deposits

with appreciable thicknesses of sand several
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hundred feet deep, similar to that beneath

the North Unit. Tubewells, 250 to 300 feet

deep with around 120 feet of screen, yield

discharges of between 1 and 4 cusecs in this

project. Similar long term capacities are

expected for the North Unit.
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3.2.4t Crop Water Requirements

Determination of the consumptive use of water

for the crops to be grown in a project area

throughout the various stages of their growth,

that is, the evaporation of water from soil,

plants and free water, and transpiration of

water from crops, provides a data base for

design of the entire project.

Several well known empirical methods exist for

determining crop evapo-transpiration, but it is

considered important, where possible, to support

and verify these empirical calculations by

direct measurement studies conducted in the

locale of the project in question. The Consult-

ants were unable to obtain a clear picture of

what direct measurement studies have been under-

taken, but it is believed that certain lysimeter

tests have been, or are being, carried out, and

that certain field experimental plots may have

been monitored.

The evapo-transpiration figures used in the

Report are based on the Penman formula. This

formula is based on the concept that the poten-

tial consumptive use of a crop (ET) is directly

proportional to a calculated reference evapo-

ration (ET 1 )

ET = K.ET
1
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In the above formula , K is generally referred to

as the crop factor, or Consumptive use coeffi-

cient. ET 1 varies throughout the year according

to meteorological conditions, and K varies witb

the crop and its stage of growth. K is the ratio

of the evapo-transpiration requirement of the

crop to the potential evapo-transpiration of a

closely cut grass lawn.

For lowland paddy rice cultivation in Southeast

Asia, the Penman formula is generally considered

sufficiently accurate for design purposes, and it

is also commonly used for upland crops. Accord-

ing to the Report, evaporation index figures (ET )

were calulated on a country-wide basis using

meteorological data collected from 15 stations

throughout the country for the period 1959 to

1968. It is not known if TECL did these calcu-

lations or if they were done by Acres International

(Overseas) as former general consultants to EPhAPDA.

In the Report, the evaporation index figures for

Rangpur were used as being applicable to the

Project area.

The crop factors used were those suggested by

Acres, presumahly based on data available up to

about 1968 or 1969. The crop factors given in

Table VII-17 of Volume I of the Report for HYV

rice appear somewhat conservative.

From Figure 3-Ii herein ( 1 ) , the crop consumptive

use t'iglires appear to be in the correct order.

(1)Cornell University Thesis by Jacob Kampen 1970
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Table VII-18 of the Report gives the winter

peak use as 4.21 inches per 15 days (7.1 mm/day)

and the peak monsoon season use as 3.29 inches

per 15 days (5.6 mm/day).

The water requirement for land preparation is

considered to be too low. Seven inches is used

in the Report, applied over 15 days. A total

requirement of 8 inches is commonly adopted in

heavy silty soils of which -bout 4 1/2 inches are

for liquid mud preparation and 3 1/2 inches for

establishing a water layer. As the soils in the

North Unit are not particularly heavy, considerably

more than 7 inches of land preparation water would

seem to be required. A comparison with Figure

3-5 herein also suggests that the 7 inches is too

low (7" = 178 mm). Further, with only animal power

available for land preparation, the 15 days allowed

for this work is considered to be very optimistic.

The degree of refinement which should be undertaken

to determine consumptive water use for design of a

project is open to question. However, it is consi-

dered that in any given situation, all available

data should be utilized to arrive at a design

value of consumptive use. Significantly more

meteorologi.zal data is available than was used in

the Report. This should be utilized and the eva-

poration index figur-es up-dated. Comparison between

predicted evapo-transpiration values with observed

values from various research stations in Bangladesh

would be of value in determining the validity of

the predictions.
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3.2.5 Diversion Requirements

The amount of rainfall which can be considered

effective, and the losses which occur between

diverting irrigation water from its source and

its actually contributing to crop growth, have

to be assessed in order to determine diversion

requirements.

In cultivation of upland crops, the available

soil moisture, its rate of depletion, and the

moisture content at which optimum growth occurs

are of importance when advanced rotational

irrigation practices are to be adopted. Recent

developments in rice cultivation also make use

of available soil moisture. However, at the

present stLge of Project development, the assump-

tion of zero available soil moisture, as made

in the Report, is considered correct.

The Report utilizes the data in the Master Plan

to determine effective rainfall. The rainfall

for the 90 percent dry month, that is, the rain-

fall which is equaled or exceeded 90 percent of

the time, was iisedl to determ.Lr the dependable

effective raitnfall. All of this 90 percent dry

month rainfall was then considered effective

for suipplying deep percolation and evapo-

transpiration requirements. In any irrigation

system, there is a delay in shutting off sup-

plies early enough to be able to utilize all

rainfall for crop production. If a field
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already has a full cover of water and a heavy

rainstorm occurs, the farmer will drain off

any water he cannot use, or the surplus may

overtop the paddy bunds. Also, farm turnouts,

lateral turnouts, and even the headworks can-

not be operated sufficiently in advance of a

heavy rain to ensure that all rainfall is

kept in the project area and does not run off

the fields. The distance of the Project from

its water source, degree of water management

being excercised, time of the year, condition

and type of the soil, amount and intensity of

the rainfall, crop growth stages and various

other factors also influence the amount of

rainfall which is effective. The full value

of rainfall is usually not taken as effective,

but only a fraction thereof. In the case of

rice, the maximum effective precipitation can

be taken as the crop evapo-transpiration plus

deep percolation for the period considered.

IBRD has established provisional criteria for

determining effective rainfall in BanIadesh

based on six years of rainfall data analysed

at Harvard in 1968. These criteria are as

follows:

- In the months of May through October,

the minimum surface run off is 20 percent

of the rainfall, that is, 80 percent of
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the rainfall is effective for evapo-

transpiration and deep percolation losses

from bunded plots with transplanted paddy.

- In the months of November through April,

no surface runoff occurs.

Average monthly rainfall at Kurigram is less

than one inch during November-March, I.5

inches in April, and 6-20 inches during May

-October.

These criteria would therefore be acceptable

to the Consultants for ponded paddy lands

pending review of operational experiences

at other projects in Bangladesh.

Effective rainfall for upland crops will

vary from about 100 percent in the winter

to about 50 percent during the peak of

the monsoon season.

The losses to be considered are as

follows:

farm losses - deep percolation

- surface runoff due

to farmers' in-

efficient use of

water
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- lateral seepage

- other farm

inefficiences

conveyance losses - seepage through

canal banks

- evaporation from

surface of canal

water

- evapo-transpiration

from canal bank

vegetation

- operational

ine'fficiences

For ponded rice fields, deep percolation loss

is continuous and must be taken into considera-

tion. It is maximum during land preparation

and then decreases as the paddy is formed.

Field determination of this loss for the major

soil associations is the North Unit should be

niade, thus eliminating the need to include

this loss in a general Project efficiency as

done in the Report. A review of water applica-

tion requirements at research stations, together

with ieta LIS of the sub-strata, meteorological

conditions, crop stage etc. could provide useful

data for assessing this loss. These field determi-

nation.s woold also serve as one guide towards

estab] i sh i-ng water imanagement techniques, that is,

continuous irri gation versus rotational irrigation.

For tile soils in the North Unit, deep percolation

could readily account for 2-3 mm/day in the dry season
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and 1-2 mm/day in the wet season, say 2-3

inch/month and 1-2 inch/month respectively.

Surface runoff has to assessed from experi-

mental data, other project records etc.

Seepage through canal banks can be fairly

readily assessed from published data depending

on the embankment type, height of full supply

level above groundwater, etc. Evaporation

from canal water surfaces, and evapo-transpiration

from canal bank vegetation are minor losses and

can be fairly accurately assessed. Operational

inefficiences can be estimated.

All losses are grouped together in the Report.

Project efficiency for the surface irrigation

water s'ipply scheme is taken at 50 percent, and

for the groundwater scheme at 60 percent. The

latter higher efficiency is stated as being due

to having used lined canals for the groundwater

scleme. The 50 i)ercent figure is reported based on

a 6/1 ./0 Farm efficienicy and a 77.5% conveyance

efficiency. Note that the farm efficiency in-

cludes deep percolation. These efficieacies are

considered too high for the degree of water

management likely to be attainable during the

early life of the Project, the unlined high

level main canals, and the inclusion of deep

precolation.

Following determination of peak diversion re-

quirements based on the evapo-transpiration

calculations, the 90 percent dry month for
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effective rainfall, and a 50 percent estimate of

Project efficiency, an arbitrary 20 percent

was added to allow for short drought periods

not accounted for in the 90 percent dry month

calculation. In Chapter 3.2.2 of this report

it is recommended that drought studies should

be made.

It is considered that determination of the

diversion requirements in the Report is rather

empirical, does not utilize all reasonably

available data, and probably results in an

underestimation of requirements. It is consi-

dered that diversion requirements should be

further studied before final design is under-

taken.
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3.2.6 Drainage Requirements

The Report proposes improvement of the drainage

ways in the Four natural drainage basins within the

North Unit and installation of one pumping station

to evacuate surplus drainage water from each of

these basins. Evacuation of water from each

area is to be by pump when the river is at high

stage and by gravity when it is at low stage.

All pumIps are of 200 cusec rated capacity,

although pumping heads vry from 15 to 30 feet,

The Report states that the pumps will be re-

quired to operate for three to four months in

the year.

The design approach taken was to perform a

frequency analysis on eleven years of daily

rainfall records (1946-!i9, 1961-67) from the

Kurigram Station, for maximum short period

rainfalls of 1, 3, 5,C 10 and 15 day duration.

The 15 day, 10 year recurrence storm was then

taken as the design storm, that is, the 15 day

storm which can be expected to be exeeded once

in 10 years. Distlri'bution of the rainfall over

the basin area was then determined using the

procedure given in the Master Plan and the

dispersion factor was calculated as 0.8, that

is, average rainfall intensity ove- the area

was 0.8 times the rainfall intensity at the

centre of the storm.
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It was assumed that 70 percent of the basin area

would be in paddy and 30 percent in upland crops,

and var, iouis assumptions were made as to retention,

infiltr;atioji and evapo-transpiration in determining

overland storm flow to the main drzins. A synthetic

unit outflow hydrograph was then determined using

techniques commonly adopted for watersheds in which

none of the streams have been gaged.

Apart from a'careful check on the qualitative

and quantitative aspects of the drainage systems

which would normally be undertaken during final

design, the following should be undertaken at

the pre-final design stage:

- utilize all available rainfall records.

- use Master Plan graphs and procedures with

caution as these are now 13 years old.

- verify the de,;ign storm selection. Short

duration storms have higher intensities

than long duration storms, and peak outflow

from the system could be greater for short

storms.

- Consider time, depth and area of inundation

related to ability of crops, houses, roads,

etc. to withstind this temporary inundation

when determining design and installed pump-

ing capacity.

- match assumptions regarding percentages under

rice and upland crop cultivation to the proposed

cropping pattern.
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consider storm patterns and occurrence of

heavy storms superimposed on heavy rains,

such as would nullify any benefits from

initial retention.

consider any retention effects of the rail

embankment culverts, etc.

standardize on pumps as much as possible

wlhen deciding on -i.nstalled capacity, etc.,

considering the sacrifice in efficiency

on the one lhand and interchangeability of

parts on the other.

Carefully review economics of sluice vs.

pump drainage. The Report states that 20

percent of the land will be flooded once

in 10 years. Lesser flooding will obviously

occur more freqluently. Consider possibility

of' interconnecting drainage courses.

Drainage routings and selection of pumping

capacities were based on the synthetic inflow

hydrograph. These were not thoroughly reviewed

as they depend on the validity of the inflow

hydrograph, but the procedures appeared to be

standard.
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3.3 AGRICULTURE AND IRRIGATION

3.3.1 Present Land Use

Proper assessment of present agricultural and

socio-economic conditions in an area being

considered for development is clearly an im-

portant part of any feasibility study.

From preparation of the 1969 Feasibility Report,

19 villages in the North Unit were selected at

random and approximately 3,000 farmers were

interviewed to ascertain the present land use,

cultural practices, socio-economic conditions

etc. According to the Report, the surveyed

area represented about 8 percent of the gross

Project area, and all major soil associations,

areas and land use units. Unfortunately, this

extensive survey was conducted in the last six

months of 1967, some eight years ago. It is

doubted, however, if conditions have improved.

In early 1973 and mid 19711, (luring the updat ing

of the 1969 Feasibility Report, the original data

was rev:i. sed Iby f.ie].d interview teams. The report

concludes that the 1967 data is essentially valid.

It appears that the senior staff of TECL are

very familiar with the area and critical errors

are considered unlikely.

Present land use is given in Chapter IV of Volume

I of the Report and is summarized as follows:
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PRESENT LAND USE - NORTIH UNIT

Area in Percent of
Use Acres Gross Area

Cultivated Areas 77,170 711.56

Frui ts 1, 813 4.65

Pas ture and Fallow 1, 0011 0. 97
Homesteads aid Ponds 8,652 8.36

Other Use 4,771 4 .61

Farm, Markets, Schools, etc. 7,090 6.86

103,500 100.00

The present cropping intensity for the North

Unit is given as 1.52. Broadcast aus was found

to be the principal cereal crop in the North

Unit and occupied some 65 percent of the total

cultivated area. It was estimated that i5 per-

cent of. the land in the North Unit is single

cropped and 52 percent is double cropped. It

appears that the major double crop rotations

are B. aus followed by T. aman and jute followed

by T. aman.

It is cojisidered that with minor checking, the

data in the Report will provide a satisfactory

base from which to determine Project benefits.
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3.3.2 Present Use of Irrigation

It is stated in the Report that irrigation

facilities are nearly non-existent in the North

Unit and that the area should be considered as

a rainfed area. Some abandoned irrigation sys-

tems do, however, exist in the North Unit and were

noted in the area north of the abandoned railway

line at Pateswari. In discussions with local

officials it was learned that low-lift pumps had

at one time been used in this area. In the USAID

Memo to File dated April 22, 1975 it mentions

that at Burungamari (in the area mentioned above)

32 out of 39 low-lift pumps were working. Whether

or iiot these utilized the small irrigation canals

noted :is not known. Study, with respect to the

failure or success of these small systems could

provide information regarding problems to avoid

in implementation of the North Unit.

At the time of the Consultants' field visit, the

North Unit appeared to be essentially fully cropped

with either jute or T. aman. Some fields were

short of water and the majority of fields were

i nadeqlluat ely fertilized. Manual irrigation methods

were not Seen to he l .1 extensjye use, but _111-

doul)tedly thes e methods are used adjacent to

beels ,Ir~ng the early aus and late T. aman

sea son.

The information in the Rel)ort on present irriga-

tion practices is considered adequate.
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3.3.3 Soil Survey and Lnnd Classification

It: appea's to the Consultalnts that much of the

ilnformat.iol presented :i.n the Report is from the

Recoinnaissa. snuIce Soi.l Survey of East Pakistan.

This survvy is of reconnaisNsa ce level only.

The office and field work uindvrLtaikn Speciaily

or the leport was aerial photograph ilterpreta-

tii.on, K'ie (d t.raverses , fiel d exami.nat:ion of pro-

file p i. ts and auiger' hole s , and f':1 ie.ld anc] iaboratory

alalyses W ma.:t.r saplles. El.eveII soil series

wer'e .ie t..i'Ii :il the Pr'oject area (Bonarparn,

(iaiigaclrira et.C . ) and were then grouiped into four-

teen soil assoc intiiois hased on geomorphological

I eatures (Inlaslhinii-lBaniapara associat:ion etc.).

TPhe fouirt;een soil. assOc:i, Lion boundnries were

plotted oil P1.lnte V-1 of' the Report ns the Soi.l

M ll) . The ialinstot' sai.ipes , elevel in nil, were

taken to 'tepr-esent. each of' the soil series. 'Pile

sailp le pit dug for each ltnster sample varied from

23 i. nch es to 57 inches and1( mechani.ca nand chemical

anlnyses were performed(l on eachi major horizon in

the pit. A totnll of 55 staiples from these pits

were chemically anal.ysed for some of the following:

- pll

- Organlic calllo conte nt

- Total ni t rogei percent

- Aotass im l 1o LaSS [111li

- :\va i ]Iii) l tI pli()slj orlis

-- t I. k I () I I. I e s a .'

- Cat ioti exehlati ye cap'lcitv'
- E..ectr.ical coniducti.vity

3- 5't



Twenty seven of the samples were analysed for

all of the above properties.

Fifteen saml].es .,ore taken from six of the series

and tested for mechanical properties including

hydraulic conductivity, moisture content and

aera t ion.

A land capability map was also prepared, Plate V-2

in the le port. For this map, the soil associations

were grouped in to a total of six classifications

rang.ng from "predom iniantly good agricultural land''

to "mainly modeorate agricultural land with some

good and poor agricultural land". Although the

separation oF the land capability classifications

into various sub-classes depending on limitations

due to drought (d), limitations due to relief (r)

and limitations due to flooding (w) is discussed in

the Report, these sub-classes were not plotted up

in the Report.

Each soil series was classified for crop suitabi-

lity, before and after project, on a 1 to t rating.

The ratLng for each of the crops is given in

Table V-5 of the Report.

Ill s1uflhllary, the lelport presents a soil map (Plate

V-I) giv i ni general. outlines of eleven soil series

assoCi ationcs; a ca)ab.i ty map giving general

oItlino(s 0?" uoo(d, med i and poor agri uiltural[

1_II(t; a taul.air coa.siljcat.on o f each soil series

a.S t o i LIs pl'sen 1, n I'llItul-oe sui tablL 1] tv for par-

ticula r crops, 81(1 a sm8llJ numbe r of cleilcal and

physical Lest results. ['rom the data given, there
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is 11o way to classify particular areas of land

according to their capability to support rice or

other crops.

The number of auger holes taken range from about

I to 8 per square mile (say 2 per sq.km.). One

test pit was taken for each typical so:il series.

One soil sample was tested for about every /I

square miles. The auger work could be considered

adequate for feasibility studies, but the extent

of the laboratory testing places the studies in

the reconnaissance category. Possibly additional

raw data is available which could be utilized to

obtain a clearer delineation of the various

classes of land.

The laboratory data presented in the Report

indicates the following general soil properties:-

somewhat acid soils with expected lesser

acidity at the deeper hor'izons (if the

samples were taken durj.ng the dry season,

this acidity could be expected d to reduice

with long siubmergence); low organi.c carbon

content inidjcating a low nitrogeni supplying

ability for plant use over periodis of time

moderately available plant ntitrienits (pot assium

and phosphorous); salinity pr'oble:ns unlikely

(pil < 7, EC < 2) ; reasonably inherent l'ertility

(CEC generally > 5); and hig hly var'iabl e

hydraulic conductivities rangingi from rapid to

extr a slow. It shol .d be noted that only 27

samples from 5 of the 11 series were tested
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for all chemical properties listed earlier

and only 15 samples from 6 series were test-

ed for mechanlical pro per ties. These general

pVop(r'ties may therefore not be applicable

to the whole 7 1i,000 acres in the North Unit.

The Repor t conc.luides that g-ood to moderate agri-

cult ural .anl cover's most of the project area,

and poor Land very little of' the area. This

general assessment would appear to be correct.

For optimum designi of an irrigation system, it

is necessary to del:ineat e and classify areas as

to their suitability For certain crop production,

delineate areas which require levelling to improve

their classi Fication, delinieate areas which need

dra illago :impl rovelent.s and their effect on the

classification, anI so on. This information is

also requiired for later optimum management of the

project, that is, establishing the amounts and

tinting (of' wave: or applifcat )ions, pla nning . the addi-

tion ol nu trients, planning imprIovements such as

land consolidat ioil, esta)lishiing optimum cropping

pattLorns au~ nd La Lions, andu Leaching sound agri-

culLural pracmt ices. Further , the problem of aera-

t ion and re'-t CLxtuir:iui.u of so.is For upland crop

cultiva tion ilmmedia tely lollowing pa(ldy rice cul-

tivaii , and LClhe pt.ohltii or wa terlogg'ing lands

growing, dry IooL cro)s when padI.y crops are growvn

on _imme, ((!iat1e \V adjac( t. land s, are Ima t ters for

which accuralte >, j] su'vey's , land classificaLion

m a pl l s a n dl~ l at l~ d (! i l it.a I l ,' a r e' r e q utl i r- e d . I t , i s ,

therefore, recommcnnendedn tha a (etailed l.and classi-
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ficat:Loll andi (r1aiIIZCt.ve studyI liw LIIit.tau( as

oaI*.iy ill lhe pre - I ill (k(15 5221 staig V as Illay he

pi- I I(I el I It . t 1 J.; ect)IIIlie II (I e(I t I i L c Iass li- izLca ti oil

be oil it dhii~t- 5V5 to ('i(l( c Las - J.iCict.[o1 f'or

17i1ce , oil(' Cr up I alld cro ps The results shoulid

b e 1) , o-- Se I t (' (I ill rep Jort. tot'!!! aid( Sliihlri.ye aC-(s

at pract. cal soilis uuifalaemenL(t gi:ide for operation

and ilmprovellient or 11it' prj4o~ct.

Si~l( LC(' timen i.- tHec (..>sellce of, dev( iopl.lig the

Nor'thlLi.t till' st't1Iv ciil d he phased to iriitial-

I y JIrOVi tie stil I'Ci c i nId (it i I For' bLtsi.c (esigi

and1( cotistrtIC .ijon, ittd 1ull to litLe' pr1ov(ide the

itII(I I iIjk r;l, x tory1 %" !l1'I -k C it 1 i 1) i I1 i.t.i.(5 woul[d have to

be stild-1Oel to) (IV Levlil e hoIN ra pid(Iy these phases

Could be aIccoII-ijLsh(Id flo( Ioilo.;intg talie

gqi.%eS aitl I (l 0t1'd 5OSI'IbLe I productiLon rates anld

S iamp1 I.e u (20 c 1.S: t J. e S
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LANI) CLASSI.' iCATIN STANI)IDS

(As Adopt !ed 1 , PTl Thi:i.1-fnd)

OctobIIer 1975

F i (21(l d ork Lnboratory
(GI'zid, of* PI'odulct :i-oll I r'd ' S a 11)]1. c' s

Stt'(1V vt B e ] jiLg.s Test Pits Te"sI1. d Remar-ks

S kin/mo /'c UC No/s1 kill No/sq km

ecmc(ll lhti - --"0() 0.25 1 or '2 pcr 0.5
I II C' major C] ass

Semi - 33 2 to I1 1 or 2 per 5 Fesibility
d(t j le d Ia jor c.lass gritde

Delai_ (,(1 1.1 .o 10 . per- sq km 10 Fj. a Inante -

F y I o Co n-

plutc"o be" o e
fiial, l desi ,

1 crew 1 Land classi'ier , 2 helpers, 1 driver,

Ina3r ) c 2 1lboirers

* * I auger hole or pit woul d contain say 1 to 8 samples



3.3.4 Need for Irrigation

The climate in the area can be broken into

three seasons:

- March through May, warm season

- June through mid-October, monsoon season

- October through February, cool season

Mean daily temperatures vary from about 64i°F in

January to about 85 F in August. Maximum and

minimum temperatures recorded in the Project area

are about 1070 F and 39 F. Temperatures are high

enough to allow year round crop cultivation, but

unfortunately 75 percent of the annual rainfall

of about 86 inches falls in the monsoon season.

Even during the monsoon season, temporary droughts

of two to three weeks cause moisture stress to

the aus, T. aman, and jute crops.

With a dependable supply of irrigation water, the

aus and aman crops will be assured adequate sup-

plemental water, and cultivation of a boro crop

will be possible.

Even though changes in the project plan and the

project economics are expected, every indication

is that .ir-rigation alone (without a Flood embank-

ment if that is technical.ly Feasibility) will

yield consi(erable increases in foodgrain produc-

tion and benefits to the farmer.

3 - 60



3.3.5 Cropping Patterns and Crop Yields

Selection of a proposed cropping pattern For the

Project and est imatLon of the crop yie].ds under

imp'oved condiLions is of major importance in

detern:i.ning the economic viability of the Project,

and the benefit of the Project to the farmer. In

addition, the selected cropping patterns have a

strong influence on water requirements for the

Project.

In planning the Future cropping patterns and crop

calendars for the North Unit, the main objective

appears to have been to intensify and diversify

the present cropping pattern and optimize benefits.

This has resulted in the adoption of a highly com-

plex cropping pattern an(I crop calendar. If this

can be achieved in practice, the cropping intensity

will be 2.7 as opposed to the present 1.5.

Experience has shown that planning a complex crop-

ping pattern and ( rop calendar with detailed con-

s i. dcration of iinor upland crops, has liLmi, ted

value in determining feasibility. Wi de crop diver-

sification and the patterns of" minor crop distri-

but ions are dependent u)on the individual preference

of the Farmers involved and will in all probability

vary from year to year base( on availabili ty of

labour, animal piower, seasonal p)eculiarities, etc.

Twenty 'ive diff erelt rotLations on si.nglo, l double

and triple crop)ed land are proposed in the Report.

The Consultants feels that this patte'rn should be
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simplified and made more in line with vhat can

be reasonabl.y expected as the r1es.l]t of normiial

well 1)1i010led allid nnthkn:i.n tic extension ef for't.

Up)land cro)s "'ary little sil evapo-taOls-

pira ti ao re juir- emeints and coitiid herLh 'ore

be grou)ed together. This approach would

simpli ry al..l anatlyses based on the future crops,

such as water re!uireimets, input requirements,

costs of production, benef i ts to the farmer and

feasibility of. the Project.

The fllrmers in the a'ea are apparently able to

utilize their land more, effectively than the

average farmer in l13arl].ade sh even th ough irr iga-

tion wiat.or is not availlab.e except from small

water-courses within the area. Current cropping

intensity is given as 1.52 against the national

average of 1.36. As far as can be determined

from the Report, the present 1.52 crop-

Ping intensi, ty figure does not include any

correction for major annual flooding and loss

of cropped area.

Crop yields are low. The area is remote from

the sourI-ces of input suliPiLes, and access to the

area is poor. The use of' IY'Vs of rice appears

to be, Iin.Jlill, illd Was repiorted to he due to

Poor eXp,:,r:i0ence..S V.-iit low ,grade seed. ', lack of

fL( e1 t. i i ziers, r lS it I \'Igi I i e.- o 1 ti watr(- sup-

)1y . I t i.s undetood that. Farmer resistance to

d.c!e.t all( i I llro ve'il(I I L i.. I and;'t III d "r veil good
see ds, etdi izers Al da,epend le wate- sup-

ply, lHYVs of rice will be cult ivanted in a con-
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siderable portion of the area, if the extension

work is enthusiastically undertaken.

The l e snt cropping pattern i.s chairacterized by

the fact that 115 percent of the cuiltivalted area

is siiigle cropped, only 52 percent double cropped,

and nil triple cropped. These areas break down

as follows:

PRESENT CROPPING PATTERN

Single Crop

Area (in acres)

Rice: B als 20,908

T aman 11,230

Bor o ni l

Other Crops: Jute , 459
Kharif pulses 281

chi .].i 1,10
kaon 11/I

sugarcane 102

Rabi s. potato 45

Double Crop

Rice: 13 aus 29,560
T aman 32,813

Boro nil

Other Crops: Jute 10,319
Kharif wh(!at 58

ha i'~ (~r2 ()
IIII s 1 " 'd 5 , 1 5 6

onion and garlic 163
tob,1CcO 163
1)o t;1 to 57.)
pII] se - /5 (

Rabi S. oLato 112

ch1illi 218
vegetables 172
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Sumimary

Area Yield
(acres) (maunds)

Rice:

B atis 50,It68 12
T aman 4,096 15
Boro Nil Nil

Other Crops:

Jute 1/1,778 15
Kharif mustard 5, 156 5

other 2,41.12 various
Rabi i65 various

117,375

117,375717,000 1.52 cropping intensity77,000

The above figures are those given in the Report.

The B atis yielIs are usual, but the T aman yields

are low. Farmers in one village quoted 211 maunds/

acre. These figures should be double checked.

The projected cro pping,,, pattern utilizes all

HYVs of' rice in t he aLtS, amaln and boro crops.

The principal projected crops and their areas

are .IS Collows. Note tha, ; Iliiv 7 1i,000 acres are

take i as the cuiltivated area and not the 77,100

at pre.ei1t culitivated. Some cultivation outside

the eibanlmken t s will obviously continue.
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PROJECTED CROPP!LNG PAl 7"'I N

Area (acres) Yield (maunds)

Rice:

T aus (Ci ianditna) !17,000 50

T aman (Irr'i .) I7,250 't0

T aman (DA- 31) 6,500 27

Boro (Irri.) 13,750 50

Other Crops:

Jute 15,000 23

Kharif imnsti,rd 5,000 12

fodder 16,750 120

o the- 2,000 var:i.ous

Rabi fodder 5 , 000 100

other 2,750 various

201 ,000

201 , 000
-110 - 2.7 cropping intensity

The projected cropping initensity is clearly high,

but it sholld he not ed Chat the. -esount cropping

pattern ,givol in the Pepo!"t incl.udes no fodder

CPOp), hores the projected cr'o)ping pattern in-

c.lides 11,750 acres of" fodder. As shown in Table

VII -2 ..\ ol" Vol1lmn, 1. olI the l ,port , this exte(,1sive

ICo(ldeO -zro) COll:1 lii)I Leo- i tit !t to t :he ocoiloiflic

Feasib.ij ity of, t.!e P-oject.. Wi-t hollt t:!n(' Foddelr

crop, th.e- cr'o )p-illgt :i tn. L it.y is 15 ) , 50 - 71 ,00

= 2.15, whi.ch is considered t:i.iinitely achievable.

Allv si.s ol . le0 Ji'. C 0111t. al l fi j. orl'e )atiurllns in-

dicates the follow:i.ng sal.i.Jnt points.
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.INCPEASIK'S IN YIILDS

0>0.1,, 1 iJ I~u HF "0
_______N etC V C)Y i'll (1 "{tl. Yije d~ l ot-E:A Tct i Yield

. a. I I I I (I . L (IAS ) ( t V c s) (m,: .) (,na 7/d.Y . )

A~s T(} 5)O 2 (O(; (}}{- tj , O}€}50 - -1 VO O l 7 It! , 000)

Awaitn li' {OOo 15 (,6o,()()() 110 ,{{{} , 16o,OOO 1 ,59 t] ! }{Oo

oo 0N 1. - ll ,{)OO 50 2,5,00 1, 700( ) O()

AlnalL ~ 'I'I ,00 15 66o ,00 15 000 2O23~ o,0( 1, i.0

Boro 1.1, ~ l,000 0 0 , 00 700 , 000Other{' Ci'ons. :

Ju~ste{, 15,000 15 '-225,000O 15.000 23}} -'_ 3T1 i5,0(O)O 120,000

Khmr-i C 10(), (0() 27,000

1a hi. 500 3.(00



The follow iig general commejts on the future

cropping PatteIrn ar'c hased on discussions with

various ol'ri.cia is in Kurigr am.

- The: prese,,t oNortli UIi.C population could

cons ume the tota il yie.d f'rom a:i. ut 7,500

acres or wcheat (2 seers of wheat flour/

month/person).

- IFarmrs :i.n1 the Project area are currently

selling jute to m11idd(1 'emen at abo t Tk70/maund,

Al; a maxI imum yield of' say 25 aiunaids/acre jute

is unlikllv to tiy l.t.ce !YV rice u .less the

Goverinmenit i .trotluces heavy sll)s.[:is or

WOI'.ld larkel( et i price 5Chig:' e considerably.

Jute would repLace the ais crop.

- SuIrcane .s Iot 1 nl'l' qiui (iplotity iln the area

largeLy due to the pr'obl.le.m ofr acces.: to a

sugar mi_!I . The closestl miIi is at llman:i.x-hat.

Ct''reiit. , r'~ pt-M P4 ar ..a :.)t.t "k I()/niilind aLt the

coll.' c i. oil oi.,I. Yieldts alr'e. lOll . t 00 mallltds/

acre. If acc(.. wore to le impll ovl'(ivedI , su 'ca, e

c ro uCt i co ld (1 1i ( i ,l e Wi P ice, I)Lr-

Licularl v orc' thc ilrea i s l'(] .in 't'i[ci. en t in

rice. ald siuce w ih imroved agi'ricultur'al

praict ices lh, V eld cou d prob,abhl lye increased

fro.mi 2 to 2 .5 t i o ver b Iy 0 years.
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A.lternative Cro)p)ilg )atternie s shoulld he deve-

].oped based on )rv',jiding snppL 5 .1-)')eII'ntai irrikgation

dur ingll th e( ;Il .'- a ndl( ai anli l cr op,; a n u s ing. m i.n imuliJ~ llll

irr~igationl wai.er durJ'ing, ! th." dry seaxs )n. i I 'i!

Nortli Liil. t. .eaIsib.l i.ty MUSI. be t'sted For" such

a pat tern as i L May I: )l'Cd oil the Project

if India diiverts signi i ca"tt (Lti. t-ies oif water

lrom the Dudhkumhk "ar Ri.v'r durt'inlg the winter months.

In preparing any o1f the cropping patterns and

cro1) calendars , peaks i liaotir and wvater require-

illents should he avoided.

With an assured wLr stpply, flood control,

_IIprO\'O(d W tel a d Fa'rm 1 ;l:lallm a &l ( llL , all r e-

qu:ired Ilpl)lLS , Use O f " iztlar (-ntl fYV SU(I

and a signi.icant l bet tur ext elision service,

the ahoI)ve proj'ct-e l yi el.ds are atLi Lna le.

It wil, take, however , pIoha'Lv 5 to 10 vears

after pro'vi sion or O irigation water to achieve

them.
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3.3.6 "ricIll ltr, Ih !j11, ts

3 .-6 . 1 l.' ! i'ti -I. i /'(-- -:

I Ing, lie (')o.l I t1 's , 11o ie.d \i ;iLt (to the

North .I t , hll(' or fi 1 Oitiki.Lc ,te i.[izer was

s?li t1 h ] Ito' . i l . ]i i ic , ion ,. tlh

o1 'i c i a Ls i.i "hag :ik~i1,'u8O11 l ii' iin nil PanU gpil

th(1, ii, , ua y ( i rt I" j iioie]. I ' r'. i i ' er .lU i .].:i_ *

1.8)1. t1. () poip ds ~ i hu t, oit orP any smO 1. esL 1.l
avai l, bl. LO tlhu: lDi.t:'icl w .e 'e re:.,o-atdl-y puu

forward as a e " (Us1.la t to ) IIIpOV Ling CrO)

y.i.elds.

At ILe tLime of the Coniv-eiL.its' fie.ld visit, the

system used po ,Ioi'.ilis tnr ii, ing for-ti.]izors v,+as

understood to be as follows:

- P e t r, i ,t. i oll or' 8 l rL i -1. LzuL" i.iicl it by the

"AIDC S I) - Di \.i. i.O)l o'fic e .

- Suhmii. tta of1 iitdeit. to HAI)C Dacca for approval

and( a L. local ionl of 8 a pr .j ed 4 8luo01.i .

- Ti'ran.-Sfi" or" ijiovetl N1m1)ii1 to IL ADC sub-

l)vi. i.oln :P,' .l (- ,',ttP. :- tCV lhot. a rIOblem11).

- Tlir n.t"n' , i 1 , i. C !8 gId wn us. . - ' int g ]locl

t' anso rt(1 i Oil S it.- e nl 0 8. I. i s 0" (Ke hP HATg

F I I'fII( 'M 01 0 f 01 't l~1 v 111,t } Il1 .0 l CO~ulli. 1 1. 't 4

- I.,o a CO . t i P I '( iCl i t i ll up'l i Lo ' Fr nl

tlIe T I'I, t .'md_ o o ., I . s. f) -; () I " e i' ;i I OI11

the list. (.s tolr o , iot . pi'ol! (em)
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TPhi~s raLtionlingt systemlf w.'1s wl~parunt..y estalished

Chli.' to tite CrI" t Lcal. .S Ir't aio or" Flu t i.l.i z'/t) In the

C M iIn tI'V 0 . [ L .t -, it co mlel) .'. .. -t 'l ;tll-l onc.t w hl:Lch

pwa:i. s 1) e p cted taoPt' i'tbe lll.L hev Fi'.o1,81i . 'tilt) p't. pa-

rat i11ol " . .or a t of desurvi I armer'.s bV the

Union Coituoti t. teu was criticLizel lb the varions

of'i ci .als.

Du rin g pte:ptialt.ion of' this rC1or't, the Fert'..ilizer

dist rilb ti:j.on syselt, was parL.i.Ji d-coiitrol. d

to ma, t i t1 ( 5it) ' " .or the small..A farmu. p to lOit

lie rtLili. u. at te Gov i'tiim' ft subs5 i u ) pri1ces.

I'll(, slyW 5 st cm eL i l i tt Iw p I.0 I' aC V 1(' 1,.1. b ck

i,,a- t't ur i1, n i lL i Us advu', i -o t'tut (- l Ilt)

sita IL l' ariiio ; ' i 1, t ,i t'- t 1 on 1a 'C "odg:r i n prO-

(ut|iont A1 gunpalt~'t . Th,,- pro'It, 'ti "op) en 1 s.ale.

d ist, 'i i 1. il i s\' S t. .:ili> lil(!( l P 1 ,ad O ()_sS I-( 1-

thet Thanla .\gricul ti,r': I9' t.l !:a', C mI:i. itA1.ee{

t 'ihlt 1d to aPPIOVu it La' I '8CC()'d i . 1. ai l .

al loc lit (oi I st j,v' j . d by het a li Agri' 
>.. t .O tUrII'P

DeceVlOl)llpet. Colwimlt t I.re . Tlu Lr'ir's then bunnv Friont

w,'h.ichit've.' ta .-t 'i t. ithey choosc.

cleirly b~e imprtovvdl .irl the yid s 'o"rcalst i. I heat

Relport .ai o to , h. Fliive. iTe ',r t i 1 i/.,"r i. ,du s-

try it.;, I IN.1o0lt i s ,'we ,i ,ing:_ a t L.clit i )t ItlId t. he

avani.I ilabi I .ity; or' adeqatlvl( (lt,'a i I: W s of'- Cur'. t. i J W ar, s

to tilte F'il't'm's at. Co L L0 ( l ' p.-i c ,s I 1 di1 i tiipi'ov(

Th(.re t art 20) toil (O(lol%5s al. ltu'ii'aitm, PhIh lbti-i
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and Nageswari., and plans are laid to construct

a 2,000 ton godown at Kurigram and a 4i00 ton

godown at Burungamari. While improvements in

the present inadequate fetilizer situation can

be expected, the feasibility of the North Unit

project should be tested for less than fully

adequate fertilizer supplies.

3.3.6.2 Seeds

Te farmers in the North Unit have been dis-

couraged from using HYVs of rice by occasional

total crop failures and poor yields. This

was reported to be due to the .bupply of poor

seed, in turn due to inadequate procedures for

develo ping breeder, registered and certified

seeds by IADC.

Recent changes in these latter procedures

wherelby the Mini. stry of' Agricultu re is to be

responsibl.e for the certification of seeds, and

the I3AIJC (now Bangladesh Agricul[tural Input

Suppl.i.es and Services Corporationi) respon.sible

only for multiplicat ion, should improve the

quality of' seed available to the farmer. The

current I IfRI) Cereal Seeds Program is designed

to ensulr' an adequate supply o1 qual i. ty seeds

to the , armers. The present unsat i.sfac tory

s1ituation S11C.d have improved by the t inle the

North Unit is aei.ng developed anl should not

be a restra.Lnt on development.
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5.3 6 ,3 Po s Li c i.(Io'

The aa' .b:i.iity o1 pesticides arid their

appiLca LI.Ol does not appeal- to be critical.,

at the present time, to inc'easing crop

rj eI ds .

i t is undr. stoot! that the Uii on Agricul tur'al
tDepartnc, unt (Ylinli~lrzy or" A\'-'ri. cttJltllre¢) arr'anlges

Lo iteijl iioent i'ct hcr'i oll thofu',1 h,1( b a llt lOl'-

III tho p)a.'I l pe I( ici t' o '  1,'(' pri'ov(id'd

C.l , )i lt !li \'e t.) I,(. ,tr cC., hz'8S(d Ly the

.lI' .ll;l(oc[ , lx t; :. i l 11 'o < '!(lt il. pI lr [) I pr)lo ;tecto i Oil

is repol' t to b(! operaC i rl,, sa tis.'ac tor:ily

in the area.

11 C r3 6 o (I- di t

The Repo't ad\vi.:e. that crdi.t in tle area

is severely resirictetde lut this- view appears

to 1)C lJoi C ,l (bii acl c eli-ai i nt a d i d 1 61 a

d i. s buir s Jn w P nt: s nC c r't (Ii. , t , htt -o,,.i -,, 11 t , .e r'i

cil I-l Il _ Ba"k oI r I adesh i , i Ii 1970-71

UI'I ic i s in 1Ki'u i'gii ad\ IneI thati cr'edit.

was,- nol prol' pm.,i lhat mios t, or. We € farmerltl's

had AJ tle deeds to the ji. iaa.;n ald could
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obtaini credit at ) percenIt t-hr'outgh the

Agricultural. Bank or other banks. One

group of about 10 farmers .l:i.ving in an

area adjacent to the 131'ahmpil a- wi ih no

dependable water s ply iy s"I fr.ig i'rouii,

loss of laud to [he river, and obviously

with a low st.aida'd oC .v:Lvi.nU adviLed that

they could buy ort'Lizer-, if it was made

available, fromi their o"0 I OsOUrCes

.An accurate tssessnL 0r the cred:i t situa-

tion could n1ot be Mae Wi thin the time

available, and cotli'.l it i t: op.iniu s as to

the adequacy o the i nr r ent. a'rangt enhen.ts

were voiced by various ,o up.s.

Rega'd].ess of whetl er or 1ot th.he current

availabil:ity of credit is ade uate for the

present age icultural condiL Liujns, uinder

an acce.lerateI ic ull ure plrog'r.a,.m the

lieed f'otr credit w.i l. a.most certainlv ox-

cee(d tl.e pre'(.s t L - p u .ly. St ep. Sh uld

ther( o1.' u.e ,,e [i'tl'd ', duir.i .th e p -l i.nal

de.-;iui . Uta; , .. T' 0 V Io (he t1 (.I C i'r reli t alld

future crvdi.t. .u. l]y i"cr'anlgpm nt.s :in d!etail,

anld t.o '"S'tihl]i.h a cred{,[i -t l v~ .systemII

1111(ler" \',hiC!I CP' 'dil Can: be{ OM M,. 1e 10 \ b .LlIV

.' i u'i" .n In, I I ' ti and iii t h e ii i a il unt

whichi ', i b 1 r lFa t'e l~ii. ed i ir'e, to i'ovide

this.s credit Wi.l s (,vC' .l \- i',: 1 I'vc t dIVulo lflelt.
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3.3.6.5 Marketing

Under the present low level of agricultural deve-

lopment, marketing facilities are not critical.

The rice grown in the area is consumed in the

area. Jute is a minor crop in the North Unit,

and is shipped in country boats across to Kurigram

where it is collected and transported by rail

to Dacca.

If the North Unit development is implemented,

the present marketing facilities will be totally

inadequate. The major markets immediately out-

side the North Unit will probably remain at

Kurigram and Lalmanirhat. Access from the North

Unit to Kurigram is by country boat. From Kurigram,

Lalmanirhat can be reached by kucha road, or by

train via Teesta. The train journey is rather

tedious and time consuming so that if the Kurigram

-Lalmanirhat road is not improved. Kurigran will

probably be the main market town for the sale of

surplus rice, wheat and vegetables grown in the

North Unit.

Local marketing of crops will be severely res-

tricted by the internal road system. These roads

are almost impassable in the monsoon season.

Transportation to local markets is by boat or by

bullock cart. In an accelerated agricultural

development plan, these roads must be improved

and the canal road system must be laid out with

improvement of the internal access facilities

in mind.
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"'he absi tlce of (rood Icce.ss vit.hin L aiWd w:i. thout

the No rth IWi_ w1.iz1hi he1 ) a S:o ver I e r, es tj. rt to

achli,:':v~i the forecast agri.cultural develop-

mlent

3 .5.6.0 M zipower

The Pro ject area has an abtndnce of u'der -

eml1., oyedittait jlowe 't S~oIe f3( percent of the

)opu.Lat.:ioii :iii mIt(tUI 2() ye s of' 1gi and the
poptla Cit iou s gl'oj_ u4 ato o\'er 3 iiig'let per

a1num. The ava:labii ty )'' labour w.i.ll1 not

be a constra.iiit to compl,:i.on of th. engineer-

jn g works or Lo j lut(ls iv('e a ir ctitir'e The lack

of skJilled lanbour - f'or cons: ruc tion may be a p roble. I:]

5..6.7 A\gric IlLtL Il lxtensi on and IstititoIIt:i ors

E x 1. o :i. o I

Agr:i.cultltral. extetsi on work- i s at pr',sent carri-ed

out by 1A1C1 I l1 , the inis try of' Agri.culture and

o Lthers l c(l l: cliattiu.'s :i~ll the o'gani zat. ion of the

I:Ni i.st.r'v oi' A:ric cll titl' lacve sel ratled the agrri.-

ciII ttt'.l I tij I t si( ( 1 d I\)C ) L'oni t.l. t'esear-c]h and

I o vo1. o pilltn I i lie . Tho Il\I)C patt i c i pa ti on -i.11 ex-

,Ltgcls i o shl I d -d ,c 1:o , I (. I' ll.,I- (, i -i.1nw r s o l
shou iI be II i I vem _if J -Ii~ 1iii VaIy ac t as lead

agencyt~', Ott tIll( Projec Ct the xt ('lI Is i. (;11 xv l o 5ks110 111(d

cl-i ea - ly h, coa-r i td oil I. by .IIe( ! xLils. on Depart-

mIeiit of' tin itt l ist v .
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Au efficiont agrr:i.clLor1A al ex ( tWi:.OH pr1ogr"am .is

clearly rt(ired Cop the North Unit. proj:cL

[t iS reCO!wmieitn (l t Jl td (it a I'du il thLii r -po - il

(esigl s : tag.o t, c ie (xi . .- ill g it, p)opo_,ed eX-

fullv reviewed :.nl I:11,1 a Oi gNi"C itUir'l .Wxteii-

sio (evlopmie'nt prog'tm 1"Jr 1L i( North Unit

be illdel d ill cot p 5 WC:)L ,u (" r'roject. The

plQrogr,mShOl(i bs l ineig Irat we, ith other train-

:ing trogr! s I.'eady :in.i L t i .t ed n -liould

co\'er i],nn:i.ng ini oJI,'Cgan.i -at i i Oi ' O i" he Ve.,teli-

.i.O11 .u'rvico, LI' i jug VL er)(i'snIin(l' in

oXtens n w ork, slocul .. 0!o (ofe(xiSiOnl topics,

d('veOmln tl Oi culriicul.:, (X fn.>i OU strategies

ald liWL hodis [)Ij iI i _ll OF ext ons ion ald

train i n ils .aiids t'ad al nio oF the ,xtenisioi

s('\'Vic p,'e oi'rml ice ai d tti, el-''iciency of the

methods empl,.oyed.

Coop,:r, i U i\ v(*. s

At the )V.'r ,nt time. the Cormation of' agricu].-

tural. Coop(.rat.ives comes.- unller the Intergrated

1-4tr- l e('eoj0 !ueuH t. !,'ot&'nitu l of tlt' i.is-:'y of

Coopierivesi\0 and~ Hurl8l. I)((1OLiiliL: Thse coopora~-IiOO S :(' 11(i \ .' C Oll . Il loi U] 11I\( r ( |. l i-' ' . T I- LU) ClOl>Lc litl i -~

Lives azv'. nl() con.rib,,l ing.. gr'.ra:v Lo€ atgricull.tulral.

,deve.lopl".,,t i: " Pon,. hadp.>, , M' i~s couldt he' ho:ca~u-,

ifreed lom !'rm vLoo,. HE , )l(i\' -iSIoilI orl a1de("lu C'

supi es (S 1) i.IiW'.'.Ii C '1,1t i I' F r vi ' z rs, and supply o1

c,,' t i 1" ~i 5 (115 i 1 il'C :'I).lA (1., LII E 1{ o'; mi ii [,i J)lliLI'--

Liolt -. es nio raliL n_\'u.l CCO ag in COO;Ol'l" iVe

a c ti. on.
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Thep (1 (vP.1ol.01iI(' I tof' COOl)1i I ' j .VUS .ill tli 0 Nor1-1Ii ['1 L

[H~ 11(1 . colsiee 01 }( 'Pi pr'i.()'i. ty 11111 P1 t ak. 11IL bu,1)!t pjil 811

shol d low .1 [(1i dill-'i IhZ Hwi pre- i iial 'he s i gl1 s Lzl_!P

for ll (1.1 I i clig I'l;s prob ('11 emai.~a: a].lot I ed tim1e

Ai11 the jI'ltuii'c . Tllc Nui'tihi I1 ni. i.'- i s i ljitri

.v 1'ul I t i Oil ill', iL t. 811( e v P III 11;1 1. 1 v C)l li m 111-A J- ur'po se

c0C)peri '. i VP Coll Il(I heC' Iied to covct' tHie area

IV i. I'll 85~ nialCIIy braItcih C)~ico .l IP s jI ! may 1)e b euie decl . -If

the lreaI -is to PPm I ilIIt,(1s L iA \J cillii \'atPod, it miuti-

jpil'Jp)s( coopel~ I..t \',-- of' it S-i 11I 1i' r~r~iia~.i

S11pl)-V i1111r 01.1 thiL' Ca c IP( (15! Of' 1 HP 110ii'

such as ( xteI1s~iI1 aldviLce, seeds, fertilizcr,

c rediH-Lt81( i i ji .e ll o i j -.s %vll 1)e otf c oniis~i. dr ii e

Irri ga tl.i.oi A.\soc i~it- i.o115

Similar Ly , I lie (jtPstiol ol SV tIP el 0 op(eVl I:on 11(1ll

ma lI) I Iteli [ice P 81(1 tlh po-s 5h~ I 11iv of' work in g t owards

all [1-- i gC18 If n jSocl 811 01 oil i cli C8Ii IhxI1-lP a p-1 1 1

all' 1111 e2 C(lIi I( pr I (- , 1ill H'I.W vi e Ii I hle to :i 1 sh o1(

mid il' uI 1(2 1 t it if t, 11~i'd fCC('[ I'm I.!i 811s it tIC (8If- pr Sl -(

j eC I I ol1 1 .P e o i 1,111 t. 1 (-rs of' 't le l 11(1 ( siC' lI (A

I, i onl !w r i' o(I 1 11( C tOO H I U I it I- :1 I ch t . o itch21 i P vt' t I I i.s

-n i.8 e miP p]( a)Ijll.- 1;1 i. ( a( t 11a 1 t thu Ile . 1A t w oil Id socllt
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log ic .Ii to 1.:-;,o . iie Union und Thana oli(nd8-

rI o s as sI1)- till i t: s fC) coo 1rc rat ve and :Lfr i,u-

.i oil :ssoc i. ti oll dl velopllf-lrltL I !o u , , r cthese

1) o i I l' i ' v il_ not. co:i1c Ide 1 i l 11i .I.cogi ca 1 l

.i I"1" i.g:It i. I s SS 0-ocli. i on 0 1 1i 0 duZ i. eS Z1.1anI C1 SOme11

C on.)1'() ll i, (' w LI 1. h h' lI'CesS tiy •

-1 11togI i.ta ,ionI oi" ;(,:I - i.c IIC'a . I Ill' . Serlvices

i.t i.'cowiim,nc~Cd Lhnt. ctirreit. nati.onial plicies

covevi'jng ifll. Ltil '!)o.e coo)(I' ('t:ives , :i.rri gttiOjj

as -oc i at t i-o .s , ot ( tild;i r t . l (1 lII ttelitc proc) edures

cos tI- (,COV(.' , it I i ') j (, 'Ct. o.. ; I rshi. p )e s titd:i !d

anld roy i ,-'%eod t i I1 t ho to\ rilm elln : (iuri ip, tile pr;-

Cia ei i stI i t o It ('ii n I ~ht; r Cf'c. s ('r

t I , (1 i olli 81 S4 ti Ii es s 1101 I d 1 W' u F t L ken i d i 1ring

f)I-o jec t, inlIt. i 1, , itat i oil. .\J rop lJ a 'U'd lpoILCic s

1i .1.1 1-,Conw, , i!lCI .TIS i.-in y ly :i I zll tail f ;. the nati onal

;1(,C (, i'C I 'i , gi' citl].|l!'l' ] i'(ogl'aill II'Ogi'SCS'S . , and it

milo lw' .0l\ i sal t.o C) ;e tho Norti I Vliii. t, s u pilot

i)pI- j c I )'ol- ally lIo'. o1 1o(li f ied ;, ( )r'oac hes

Ag I i C. I . I I V:I I: I o -c I I

t i Oll. r t)\ i o i 011> i.i t Ia ill ( I'd tvl F r-;lli tI i ug

t ] ( 1" r , -I I I I ) ' ;t ) () ) 1 "1 i.; i I ( ' I -(,. (' k r c, 1 [)"- () tr , ;Il n s t )

t, I tI. o ( l, oll Wo!4l, 's i . I i o No it l ni.t

'; -. (. 7 o S ra gI ].((, i Lji. t i ns

Storone Luc ciA. it Ii Z,1E )1'(,selta ztl'P repor tc(d "o heu

a.d( I 1,ti t e "l'Ieo qI ;,_1 i. t of' 1hc st.or'ag c !'ac.i l:iti. es



cou(21ld Ullin'l" ,It l i 11 .2( t ov'lli bht t2XL impro11 ve- V l' ,

3.. L ivetock oaeI Poultry

These items are or' m:i nor :i.mportance to the f'easi-

bili ty of tlhe North LI:ni

The pl''-(201 l. ij\'estock situat:i.on at a'S to _e

that manv or I the c'aif't anw i si. hsIvo b:en 1ost

dtI t~o f'ionIl-. ,h.il, plI'c.tse antd re'.,ding of'

dt' FtM an :in:".Is ( n ', t.ho I: ;' (,Ii oF pouIr'ty) will

p'oba)b.ly . 1k, care OC LsI. -,!" s- ' hor-t ly at' _ W ., t "

Cr'Op \ i(,L ( . . t Un10 WprovuX Lho q .AIN of the

a\Ll.i. I A.: Oil m ii MUll -Is il-S It. un ii p ;ii~ei ,Lu t i ni.I.

wi,:l II) ;i. ' t.(211>< I\o V \- ('i(" I Ut111111 ii!'l F cIIi. F: 11( l U . 0 o j):nl(' t

the ilpil, re(-(pl1F'( rom 1' n1 ,iI i.na h;lw : in No ilt, to

Iinlcreas. Thie (!18It anial [ mu15(0st ho) hrvd2 andt

tiOulF i.. she to be a LI. e tO .h able2, L0 ri-; 111O(', 1o1' days
on ('lb. t8'._1 1 i the .lan i tato ta ,' i llnd

pr'atl i on time HWl ; land i. ime ) is to be

mninimn:ized. At thie l)resltL, tin.:o, the availaL.,l

draft aials181 are in very poor co nd i. ion.
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'Hho t (.mfii 0i.' r'i-reiic0 r prep!orO ionl o* L(Io

or piort Kroa 1 sn Lh prpuo Ws! Who-0.Ls11 I e~' 0 ~ii

0i o NP OS tw iv t'. c S g0 ho t 4 ii if -h

Soil~ ~ ~ ~ ti 11 lillilte.(!O Lid :

* ig L SO Ut hi-w~ L IN.- I. I A'; CCj~ 11 LFO Or 1-11 :x tl
1,i t.. iL j it X i~ O pK who c .F s I t- t if11 0 ' I ho ts& re

Thie V'&~ I Co so t c- I : 1 i I t iv p tr 0 I' i Cu II i

Zij I o f azi I o.- C I, v t C~. I It- 1 II i ti-ca P l' i A

In these lVOW ji or pHL~o areas,. it :is usseni l-

t0 1.rs IF.' U (t 1. 0 i nu I 1 11 typeh or' leo ns t a:t .ins

%WIA.i ch lroe LO he' c Irr',~ 0111 -d 01' r o xampi , thues

areas.'- Canl hP UiLiii d to'L de ltLYUrine UP honils

(I o dh i i - I I t ('it gr a or 2 . a lL S o roi'~ aad

tra)a( c [s) I1 A id \ornumz 1101 i nod1 cao Ls., as wve1I

acIS thie .101 ii Ii i ;Wt 0' mcl as now. crop \U~lj t i 105

and nI e w' Cmp'p~n I 2 10 .. lr s 1ho ca hoV Ol use(.d as-

pio 1. eas ForC'i S11 spft~n u.11p conprtivus , irirJga-

"h hicI con ho. ('\jpincIot 1.1) KI.v r ihti. t-i ottO].

area Oa "0roundW t' pi. ot. ap on Ns5 tho
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a, ( . t . io~l ~I . l a r , 1-( - 1 I 2oI I g" It. (II Id '" -1 -1' - ,1 1.,.

g ic Ci. IIet. i1.i. , 1 Le. , tl h , c. 1,2t I ( 2 ) eL-,e(I a.- p i..1o

area' flr L.nd co, ;() !.i , I i t 1 o1 i 'ilc - .c'-,i - ;i.,!. K V i

of ,aill i.Lt es " 1.1 plot "c pth.-;. Jl'V2Ctds il f prCov'i-

sii.o (or" a 1 t~ l.L Q"( 11C s lto i ,.i~e 10a'n' •l

.. .. t, ..O l~l :o" 1r.t" '1. [ > g ,wtps,  
0 ;! I lOr ].-r

f!_'ui_ 0 u her (2i'1 1. o ll. fhe o1 eaci h n d i va " f r lo t.

.Ma'ag ,- ltr I W i-.lo ". ,:as . hi. i 1 is 1. shmc l
wiJ.ll r"emailn 1 

o_1(wneCd hv', Cho/'. Varl'io-)us. ParMlliOI'-Y, CHI Hl t

he.l. care l . l'1 i.2 : C)l ail th12::>" ' i stag

(,iThe to ag(:cirs osih For thoe

i-a . V ' S.ti P111 S i . .1 10. t'l iL U ( 0 1 .! 15 I 'e planne(

as aoe tn;i nd tue ilot vo , on seil.i nonti

Vhn l.i ) op i " N v It11 (1. ih'r sel si. t - ! l'1(I I. i, o ! I

Li. i (1010 ml ioi' (2. (I, tl ue :' ol.101'.' ;:1 1 .' [ii . 1.W ;: i

of sulbsidl ie o0" L I' : ,i I.or i I :,.r. and ]o .stlic Kdes
a I Illd cjl l ll' .:-; L i oiII IIF:I ii . 11l eI i IIOS i. 1 be C i uc s d.i i i od o

ton crgo l ] t i onC op t n -i pi ng go up-., - c',i . a.i oCro l.. o) i 1,( .I pa ' i t he f 'l i. Li4 Il.( ".i-)H"- ti e 1:jI'I(I lo .t[

s lh o ui l d b e( c o( i-id u r o' d atl t~ h o, p r u - clo s'4 i. g nl s; L a g or;- .

Training faci.lit'ies and materials iust>, hob planned

:for .

s ho uild h e k~L. -t i nl W n ld. lBr.y season irrFiga tion

will depen l ar ]i: gely oil thle lot. flow Litn the,

lDudhlkum "r lii,.r . If" this n'ow :is oo'crvatsoc' by

h ei :ih lO].( nL ul d . T h e H I M tr v a s h(: ., l o ull d b e uis e.d
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Carmers nA i CAr the- e dwr k i k s w i po b) o l)y be

able to con t inue with their' estalished improved

c ,) croppi g P1). tcI-1s, but tho 1 s e at re1oe n (I ,- o F
the system will suffer from the shortage andl have

to change their cropping patterns. One pilot

area should, therfore, be located in the potential

water shortage area.

The pilot area management proposals in the Report

stress what is to be done rather than how the

various tasks are to be done and by whom. The

organization of the pilot area should be a minia-

.tur e-of.the desired- Governmean t'ai'drjan.znt'I"6iFf'r --.

accelerated agricultural development throughout

fiangladosh and be an integrated part thereof.

The pilot area organization should be established

with this in mind.
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3.3.9 Fisheries

Most of the rivers surrounding the North Unit,

and most of the interior beels, provide fish

for the local population.

May to June is reported to be the best season

for river fishing when plenty of fish are

available. During the remainder of the year,

the supply of fish is reported to be well below

the demand.

It is understood that a Northern Bangladesh

Fisheries Project is underway at the present

time, and that a fish hatchery has been

constructed at Nageswari as part of this

project.

The development of inland fisheries should

be a part of the North Unit development,

but it would appear that co-ordination with

existing programs is all that has to be included

in the scope of the North Unit Project.
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3.4 FLOODING

3.4.1 Flood Damage

Due to the absence of good records, it is

difficult to determine the extent, depth and

duration of flooding, and to thereby assess

the value of the flood damage and the proba-

bility of a certain level of damage occuring

during any given period of time. Notwithstand-

ing this absence of data, all evidence indicates

that the area's development is severely restrict-

ed by the annual flooding and the demoralizing

effect of this flooding on the population.

An accurate record of the floode]I area was

obtained during 1967 for preparation of the

Report. Copies of the final flood reports for

1972, 1973 and 1974 for the whole Karigram

Subdivision are given in Appendix A.

Figure 3-6 presents information on the 1967,

1972, 1973 and 1974 floods extracted from the

available data in the Report and Appendix A.

This information does not appear to be consis-

tent with regard to the duration of flooding

as the detailed reports for 1974 studied at

Kurigram gave the duration of flooding as up

to 59 days. Nevertheless, the damage from

flooding is obviously severe.
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Although 1967 was not a severe flood year, 20

percent of the cultivated land was inundated.

In 1973, 26 people lost their lives, 700 cattle

were lost, and almost 900 square miles of cropped

area were damaged. In 19711, a bad flood year for

most of the country, the damage in Kurigram was

less than in 1973. The area flooded in 1974 is

shown in Appendix A. This map indicates areas in

which the canal system could be constructed before

the flood embankments are finished in order to

bring some of the area under irrigation as soon

as possible.

The three rivers, Brqhmaputra, Dharla and Dudhkumar,

do not necessarily peak at the same time and there

is no way to predict which area will be flooded at

any one time or to what extent. The Brahmaputra

stays in high stage for some considerable period

of time each year and causes backwater effects in

the Dharla and Dudhkumar Rivers. Based on the

stage and discharge hydrographs and the topographic

maps, it is possible to predict the extent of flood-

ing say once in 10 years, but obviously no way to

predict when flooding may occur. The Dharla and

Dudhkumar rivers are flashy rivers, as discussed

earlier, and their flood peaks are usually of short

duration. If it were not for the Brahmaputra

backing up the outflow from these rivers, the rice

crops could well survive this short period of in-

undation without critical damage. As it is, the

period and depth of inund tion, the speed at which
the water deepens, and the variations in the time

when the floods hit, prohibit the possibility of

a change in cultivation practices to lessen the

damaging effect of flooding on the rice crop.
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The overbank flooding of' these rivers has an

additional bad effect on the areas flooled. If

the flood is particllarly severe, sand car, be

carried far inland and the depth of blanketing

can be considerable. Kurigram residents advised

that the 197 1i Floods had rendered some agricultural

land useless by depositing 6 to 12 inches of clean

sand on them. At the river banks, 18 inch thick

layers of clean micaceous sand were seen to be

common.

A good effect of the flooding, apart from filling

inland beels which can then be used for irriga-

tion of the later stages of growth in the aman

crop, is that if the floods are not too severe,

fine silt r,,ther than sand is deposited on the

river terraces. This silt carries nutrients and

tends to fertilize the top soil, but the exact

value oi these silts is not known. Studies carried

out at Hawaii University in 1971 indicated that

"sediment deposition does not measurably increase

the soil fertility of soil in the Mekong Delta."

The report cautions the transfer of these findings

to even the northern sector of the Delta, let

alone to other deltas. The relationship between

sedimert and fish production was not considered

in these studies.
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3.4.2 Flood Control Possibilities

It is generally accepted that, in Bangladesh,
flood control must be achieved by constructing

embankments along both banks of the rivers to

sufficient height to contain a 100 year flood.
Diversions of the major rivers have been consi-

dered as flood control measures, but as the
Project is at the extreme upstream end of the

Bangladesh portion of the Brahmaputra River,

the Project would be uneffected by such schemes

even if they were implemented.

River training by construction of spurs, half
panels, deflection dikes or similar measures has

not been undertaken as a matter of routine on the
Bangladesh Rivers. The Belkuchi Project embank-

ment (right bank of the Brahmaputra) has almost

come under direct attack from the Brahmaputra

River, and it is understood that river training
methods have been proposed. The effectiveness

of any measures which may be adopted could provide
valuable information for planning protection of the
Project embankments. If training measures cannot

be economically or successfully developed, then
provisions will have to be made for protecting the
embankment itself using brick mattresses, facines,

or other applicable methods, or building a new
embankment further inland before any existing

embankment fails. These protective measures may
be able to be carried out under a routine mainte-
ance program, but also since the short-term
lateral migration of the Brahmaputra channel can
be as high as 2,600 feet per year, they may have
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to be undertaken on an emergency basis. Deve-

loping a well organized and properly equipped

maintenance staff should be an essential part of

the Project. This organization should include

provisions for emergency mobilization of local

labour and should include provisions for the

maximum practicable local involvement in the

entire operation and maintenance program for the

Project. This involvement is seen best accom-

plished as a planned step by step program.

An alternate means of flood control which could

by considered is the submersible entbankment. This

embankment would be located on the same alignment

as the full height embankment, but would be of

less height and give full protection for say only

a 25 year flood. Peak flows in the river in the

Project area could occur anytime from about mid-June

through September, that is, during the latter part

of the aus crop and the early part of the aman crop.

During the latter part of the aus crop, significant

flooding could be tolerated by the maturing plants

without excessive dama.ge. Therefore, the sluices

could be opened to balance water levels on both

sides of the embankment and the crop allowed to

be subjected to the normal flood hazard. Balancing

water on both sides of the embankment would ensure

that on a slow rising river stage the embankment

would not be overtopped. If a flash flood were

to occur, however, which exceeded the capacity of

the slu:i.ces Lo balance water levels on either

side of tie eimbankment the embankment could be

over to p ped and Se verely damaged. Rap:i.d flooding

of the irrigation system could also cause considera-

b].e erosion of canal banks and silting of the canals.
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During the early part of the aman crop the

hazard of overtopping would necessitate the

sluices being left open to balance water

levels on either side of the embankiient. The

aman crop would, therefore, be subjected to the
normal flood hazard at a critical stage in its
growth. Losses would therefore be unreduced.
Thus, the only benefits achieved from a submer-

cible embankment design would appear to be the
prevention of flood damage during the early part

of the aus crop when the plants are small and
susceptible to flooding, and during the latter
part of the aman crop when the plants are nearly

fully grown and could anyway stand some inunda-

tion.

In the opinion of the Consultants, the submersible
embankment concept is not practicable for the

North Unit. The difficulties of operating the

sluices to prevent overtopping (flood warnings

from India would probably be minimal), and the
hazard of severely damaging the embankment and
irrigation system, are considered too great for the
small degree of real protection and benefit afforded.

Flood waters penetrate the inland areas by backing
up the drainage courses, and then, when the river

banks are overtopped, by overland spill. Small
regulating structures on the drainage courses

could prevent initial inundation, but the benefits
would be small. The structures would quickly be
circumvented and the rivers and depressions on the
landward side of the structures soon filled by
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overland spill. Erosion of river banks on the

landward side of any such structures would be

severe.

The Consultants consider that the only practica-

ble flood control measure which should be under-

taken, if flood control is to be undertaken at

all, is the full height flood embankment with

suitable means of evacuating surplus rainfall

from the poldered area.
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3.5 PRELIMINARY DESIGN AND ENGINEERING FEATURE

3.5.1 Irrigation System

3.5.1.1 Irrigation from Surface Water Source

General

The scheme proposed in the Report comprises a

6 x 1130 cusec pumping plant located on the

Dudlkumar River just downstream from the

Pateswari railway bridge; a main canal with

laterals which runs close to the main north-

south road and serves the east and central

portion of the North Unit; and a branch canal

with laterals which serves the west portion

of the North Unit.

Pumping Plant

The pumping plant is set back from the river bank

a distance of about 1,200 feet and is supplied

via a brick lined intake channel. The location of

the pumping plant and the maintenance of a clear

intake channel which will always be connected

to the main river channel is a major concern of

the Consiltants.

The location of' the main river channel vari., es

from year to year. USAID officials report that

in 19711 the main channel was close to the left

bank at the Pateswa ri bri. dge. At the I.iem of the

Ccln.ultants' site visit a 10 to 12 foot deep

channel (bed El 181) ran close to the right bank.
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The river takes a sharp left hand turn just as it

approaches the bridge so there is a natural ten-

dency for the stream channel to swing over to the

right bank. lHowever, the stream bed is a fine

alluvium and a considerable variation in the dry

weather channel location must be anticipated when

designing the pump station and associated works.

The bridge is probably some 4i5 years old and both

the abutments and piers are probably founded on

caissons taken well below maximum bed scour depth.

The Lridge abutments are protected by a pitched

guide bank extending upstream and downstream and

appear to be stable. Subject to checking the

original bridge design, it would appear that the

bridge abutments, guide banks, and possibly the

piers, could be utilized in the final design.

At any permanent control in an alluvial stream,

the area :immediately upstream of the control

is more stable than that downstream. Locating

the pumpstation downstream of the bridge is there-

fore questioned. The use of such a long approach

chinnu.I is also quiestioned1. Minimum flows in the

intake ch;nnnel will be zero when the river flows

and sediment transport are a maximum. Eddies

downstream of the bridge will carry sediment in to

the channel, wh:ich has a bed Aevel considerably

lower th;nan the river bed, and considerable depths

of si. lt wi.I[. he depos ited in the channel. Maximum

veloc i. ties ii Che approach channel will be about

x 013() cusec 2 ft/sec. This velocity will
(El.85-Q.i.78)125
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not effectively flush out the channel,and

dredging as a routine maintenance undertaking

will be necessary.

The other problem which must be considered is

how to ensure that the dry weather river channel

remains adjacent to any intake channel.

In locating the pump station, the following

problems must be overcome:

- the land on which the pump station is located

must be stable against river bed and bank

scour.

- the river must be trained so that the dry

weather channel passes adjacent to the

pump station intake channel.

- the intake channel must be relatively self

cleaning, or of such a design that it re-

mains free from excessive silt and sand

depositions.

To satisfoctorily design such an installation,

the Consultants consider that a mobile bed model

of the Dudhkumar River in the vicinity of the

Pateswari bridge should be used.

Any pumping station founded on a "soft" founda-

tion must be designed with due attention to the

effects of differential settlement between

differently loaded and founded portions of the

structure, and with attention to the effects of

any settlements on the installed equipment.
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No foundation density tests were carried out at

the pumping plant. The Standard Penetration Tests

carried out at the Dharla barrage site, a consi-

derable distance from the Pateswari pumping plant

site, indicate blow counts in the order of 20 at

30 feet below ground level. Above that point the

blow counts are considerably lower. From 1952-53

aerial photographs, the probable location of the

pumping plant will be within the rivers meander

belt (prior to construction of the bridge), and

therefore loose, poorly graded sands can be ex-

pected in the foundation. Early drilling at the

proposed pump station site will be required to

determine the best form of foundation treatment

and pumping plant design. Foundation dc sification

by the vibroflotation process may be advisable.

Canals, Laterals and Structures

For preparation of the Report, a continuous

mode of irrigation water application was assumed

for a 100 percent irrigable area. This system, as

opposed to rotational irrigation, results in

smaller canal sizes but is wasteful of water.

A water saving in the order of 20 percent can

be achieved with a properly managed rotational

system of irrigation. Also, if the paddy fields

are not kept continuously inundated, the soil-

moisture bond, which increases with loss of

soil moisture, can be made use of to reduce deep

percolation losses. Further, retention and

utilization of rainfall is greater if the paddy

fields are not deeply inundated. If India
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diverts part of the Dudhkumar flows, water

conservation will be essential. Proper account
of these matters should be made at the early

design stage and the system designed accordingly.

It is considered essential that all concerned

parties should agree on the mode of future

operation and on the project's basic design

criteria, before final design is started.

Variations in the shape of canal cross-sections,

canal roughness coefficients, borrow pit locations

etc. would not materially affect the North Unit's
feasibility. These items have not therefore been

considered in detail.

The decision on whether or not to line the canals

is, however, likely to have a significant effect

on the project, although again it is unlikely that

this decision would make the project not feasible.
The report compares only the two following cases:

- main canal lined, distribaition system

unlined

- main canal unlined, distribution system

unlined.

The capital costs only are compared and the Report
concludes that the unlined scheme is cheapest by
a very narrow margin (Tk66,001,924 vs Tk65,3532,4j10).
The benefit of reduced maintenance costs on the
lined c anal and on the smaller pumping plant, and
the benefit of the reduced total water demand

should India reduce low flows in the Dudhkumar,
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are not considered. Also, no study is indicated

as having been made on the benefits and disadvan-

tages of lining the distribution system down to

the field ditches. The silt carried by the water

from the Dudhkumar River (not present in water

from tubewells) will tend to seal any unlined

canal banks. However, the effectiveness of this

seal will depend on the material from which the

canal banks are constructed and the suspended

sediment particle size. Similar conditions to

those which can be expected in the North Unit can

undoubtedly be found in other irrigation projects

in Bangladesh and simple canal loss tests can be

performed in matured canals to determine actual

likely losses for use in deciding on the feasibi-

lity of lining for both the surface water and

groundwater schemes. These tests would be pre-

ferable to using empirical formulae to determine

canal losses. Lining would reduce the mainte-.

nance costs, or, if maintenance is not what it

should be, ensure that the canal remains a rea-

sonably efficient water carrier. It would also

reduce the necessary full supply level, as less

head is required to reach the furthest points in

the irrigated area. Canal costs would thereby

be reduced. Lining the laterals and sub-laterals

would discourage the farmers from breaching the

canal banks for their own benefit.

If the final decision is to not line the

canils, the velocities in the canals and

the crOss-sections of' the canals must be care-

fully matched with the materials from which the

canal banks will be constructed to ensure that

the canal will neither scour nor sillt up. Also,
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the banks of unlined canal.s are highly susceptible

to erosion from surface water runoff. Very care-

ful attention to canal bank drainage details will

be necessary in the design stage if major mainte-

nance problems are to be avoided.

The pireliminary layout of the laterals and sub-

laterals appears adequate for feasibility stu-

dies. In the pre-final design stage, however,

consideration should be given to re-routing the

main and branch canals for the following reasons:

Firstly, all canal cross-sections will have an
access road running along one side of the canal

on top of the canal bank. This will be required

for canal maintenance and will create a network

of elevated roads for transport of produce to

markets. The main canal access road ac.s as a

feeder road for each of the lateral and sub-

lateral roads. Frequently, this feeder road is

fully paved. If, therefore, the main ccnal

runs adjacent to the existing paved road, the
construction of the main canal will not improve

access throughout the North Unit as much as it

would if it was routed away from the main road.

Secondly, the 19711 flood perietrated well inland

and flooded across the proposed main canal align-
at about mi.d po:i.nt, see Appendix A. If .r'igated

agirictiltitre i.s to be brought to the Noi-th Unit in

the short;est. )ossi-ble ti.me, earliest 1)ossib.le coi-

strutiction of, the main canal, I terl'as anld sub-

laterals must he the target. Fll f!lood pirotection,

however, will. not be achieved until towards the
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end of the project construction period when the

drainage plants have been essentially completed.

Therefore, more of the irrigation system will be

able to be safely constructed if the main canal,

or branch canal, or both canals, are located in

ground not suibject to flooding.

When laying out the canals and drains, due recog-

nition should be given to the probable eventual

need to undertake a land consolidation program.

This is more important if farm ditches (serving

considerably more than one farm) are included in

the project. Also, the density of supply canals

should be established with due regard to the plan-

ned operation of the system. Genera]. experience

is that water use efficiency increases with a de-

crease in the area served by a controlled turnout.

It is noted that the Report locates the canal bor-

row pits adjacent to the canal cross-section. If

excavation is to be carried out by manual labour,

there is little that can be done about this. If,

however, excavation is to be by machine, then fill

materials should be taken from high land as much as

possible to preserve the agricultural land adjacent

to the canal. Deep borrow pits immediately adja-

cent to the toe of the caval bank can intersect the

seepage line frm the canal and should be avoided

(assuming unlined canals). The 6:1 seepage line

shown in the canal cross-sections is acceptable

only for homogeneous sandy silt (note t hat the bor-

row pits intersect this line). In silty sand or

sand the design seepage line would be Flatter,

about 8: 1. If, layers of' Fi mu Sauld are immedia tely

below the canal- ;inks, these layers could be exposed

in the sides of the borrow pits and seepage exit

velocities could well be sufficient to cause

pi.ping and canal bank failure.
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Permanent right-of-way requirements should be

minimized and borrow taken so as to minimize

taking land out of agricultural use. Fish ponds

and buffalo walloes abound in the area, so water-

logged borrow pits will be of no real value.

The canal structures are not covered in de-

tail in the Report, as is usLIUal in feasibility

work. Some typical details are, however, given

in Volume III.

Although these are possibly Bangladesh standards,

improvements are desirable and possible. For

example, the typical lateral turnout is designed

to take water from the upper portion of the main

canal. If the main canal is running at less than

FSL for any reason, the supply to the lateral

cannot be maintained. Also, sections of the main

canal cannot be drained for repair except through

wasteways placed at unnecessarily frequent intervals.

In general, For efficient management of any irri-

gation system, means of accurately measuring where

the water is going must be incoporatcd into theC

sys te. The control methods should be simple and

the devices used to operate the structures should

be part of that st-uctuire to avoid loss and theft.

Small wooden stoplogs for instance are I'requen tly

lost or stolen. This results in say a check striuctuire

not hei.ig Ol)eiated I)roper.y, a deficiency iii lhead

in the canal, a11d a water shortage gin ou lying

areas, possil ly at, a cl-i tica!. grolvtll stago. The

stric Lur,,s must perform sit tisfactorily under all

co1di .tions of operaLion and their performance

should be reasonably man-safe.
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Concrete materials and formw6rk are not in-

digenous to the area and will be difficult to

obtain . Brick miasniry should therefore be

utilized to the maximum extent possible. Careful

quality control of brick manufacture will be

requ ired.

In any irrigation system there is a considerable

amount of repetition in the structures. Struc-

tures should, therefore, be sto ndardized as much

as possible. Precasting of standard concrete

units, or sub-units, could reduce the need for

transporting large (uantities of concrete mate-

rials to each of the many structure sLites.

The variation in cost of th minor structures

which may result from modifications in their

design will not materially affect the feasibility

of the North Unit.

Some of the above considerations are correctly

outside the scope of a feasi.bility study.

However, these points, and others, should be

settled in the pre-final design stage.

3.5.1.2 Irrigation from Ground Vrater Source

Tube Wells

II the Report, th1 (l esig of tubewel ls to serve

the -irriga ,jtion requiremeicts of the, Noi th Unit

is based o()I limited data oil iCltua;x allil,er colldi-

tions, zs di scIs sed in ChaPnter - .2.3 of tis report.

The l'urther testing recommenlded in Chapter 3.2.3
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would be required to finalize design. The well

design selected in the Report for a yield of

3 cUsecs appears to be based on economics alone.

Design discharge and well spacing are the two

most important considerations in well field

design. With proper information on the aquifer,

several different alternatives could be fully

evaluated by the development of a finite differ-

ence aquifer model. Major inputs to such a model

would include: (1) saturated thickness,

(2) direct surface recharge, (3) variable boun-

dary conditions governed by river stage fluctua-

tions, (j) aquifer transmissivity, (5) storage

coefficients, (6) simulated well locations and

extraction rates.

The model would be capable of physical ].y opti-

mizing spacing, pulping schedules and general

grouncwater basin management techniques to assure

the adeqiiacy oF the designed field. Sustained

yields could be evaluated from the model. The

pract ical sustained yield may be less than the

rate of recharge, Ihut cannot exceecl the long

term mean annual. recharge ,"i thou t depleting

storage within t.he aquifer. The pi-act-ical. sus-

tained yield can he limited e:i.ther by the physical

size of the groundwater reservoi:" or by the rate

at which water moves through the reservoir from

the recharge area to the withdrawal area.
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It is seldom that any single value of sustained

yield can be correct for an extended period of

time due to changing conditions. The grounidwater

model of the area would allow testing of various

project conditions and evaluation of increasing

recharge due to lowering of the water table.

The model would even allow different pumping

patterns and cropping patterns to be used and the

subsequent effect on direct and boundary recharge

determined.

Once the well field design is finalized, the

consideration of individual tubewell design can

be initiated and the data developed from the

mode]. can be used as design criteria.

Although not specifically connected with tubewell

design, it should be recognized that efficient

operation and maintenance of the pumping equip-

ment is essential for optimum use of the design

well field. DesLgn of the wells and selection

of pumping equipment must include proper considera-

tion of future maintainability.

The above discussed model is clearly not required

for f( asibility grade studies, and should only be

considered if the pre-final design studies indi-

cate that groundwater should be developed.

In the Report , one tubewell per 1 110 acres has been

assumed. This is considered adequate for feasibi-

lity studies.
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Distribution System

The sample area developed in the Report covers

one tubewell distribution system, an area of

about 1110 acres. This represent a very minor

percentage of the total service area. If tube-

well development looks economically feasible or

attractive for other reasons in the pre-final

design stage, the sample area should be fully

representative and should cover about 10 percent

of the total area.

It must be noted that there are two significant

differences between the sample distribution system

for the surface water irrigation scheme and that

for the groundwater irrigation scheme. These are:

- The density of canals provided for

the groundwater scheme is much greater than

that provided for the gravity scheme.

- All canals in the groundwater scheme

are lined whereas no canals, laterals, sub-

laterals or field ditches are lined in the

gravitv scheme.

A criteria for the density of supply canals

to be provided as a part of the project should

be developed and applied equally to the two

systems. Also, the question of lining the minor

distribution system should be reviewed. See

Chapter 3.5.1.1.
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3.5.1.3 Irrigation from Combined Surface

and Grounwater Sources

General

The scheme studied in the Report envisages a

barrage across the Dudhkumar River; a gravity

irrigation system for the southern portion of

the North Unit, and a tubewell irrigation system

for the northern portion of the North Unit.

The barrage is used to head up the flows in the

Dudhkumar for diversion into the gravity irriga-

tion system. A pump station was not used because

of the problem of lateral shift of the flood

season and dry weather channels in a totally un-

controlled stretch of the river.

The single most costly item of construction in

a gravity system is the headworks. Once this

cost is incurred, greatest overall economy is

usually obtained by serving the largest possible

area of land. The economic result given in the

Report is therei'ore to be expected.

This general reasoning also applies to locating

a pump station or other form of headworks at

the Pateswari bridge. Once this cost has been

incurred, the gravity system should generally be

run out a, fac A,- possible, and should only be

stopped when the frequency of water shortage

makes it uneconomical to irrigate more land from

thi ; single source. From the hydrology in the

Report, severe water shortages are unlikely. Therefore
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if a total development using tubewells is less

economical than a total development using surface

water, it is difficilt to visualize a circumstance

under which a partial system would be economli cal.

Diversion of a significant portion of. the Dudhkumar

flows by India would of course change this picture.

Barrage

This structure was not laid out in the

Report and the costs were only roughly

estimated. The design discharge was taken

as 275,000 cusecs as opposed to a peak dis-

charge of 216,000 cusecs in only six years of

records. Had the scheme looked competitive,

this structure would have no doubt been consider-

ed in greater detail.

At the quoted Tk460 per cusec, the total cost

of the Dudhlktmar barrage would be Tk!160 x 275,000

= Tk126,500,000. The ratio of foreign exchange

in this total cost and the applicable exchange

rates are unknown. At Tk16 = .51, the total cost

is considered to be considerably under-estimated.

In West Pakistan, the Qad:irabad Barr-age structure

without headcworks cost S38/cusec (1964i-67). If

33% of.' this cost is coiisidered unchanged labour

cost anld 67% is considered escalable over 10 years,

this rate today would be about 55- 6 5/cuisec•

Using this rate, the total cost of- the Didhlkumar

barrage would be about i(, million. This addi-

tional cost would make the scheme using a barrage

over the Dudhkumar River even less attractive.
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Canals, Laterals and Structures

These are not discussed in detpil in the Report.

Details of the system and costs per acre would be

similar to those developed for the scheme utiliz-

ing a pumping plant at the Pateswari bridge.

Tubewe].].s and Distribution System

These are not discussed in detail. Details

and layouts would be similar to those developed

for the scheme using only groundwater sources

for the North Unit.



3.5.2 Flood Protection

3.5.2.1 General

As mentioned earlier, there appears to be only

one practicable way to protect the area against

flooding, and that is by constructing embank-

ments around the perimeter of the North Unit.

3.5.2.2 Layout of Embankments

The Report shows the perimeter embankment tying

into the disused railway embanklment to the north,

and into high ground at the Indian border to the

northwest. The tie to the railway embankment

should be satisfactory, although the condition

of tile embankment, the condition of any culverts

running through it, and the degree of flooding

to the north of the embankment must be studied

and necessary improvements to the embankment etc.

incorporated into the project plan. The other

tiJe, irito high ground near the indian border,

should be studied us ing topogra phic maps of the

adjaceiit Indian territory and on the gromd,

to ensure that the 1)harla River cannot flood

in b hilld tle embankment. When cons i.dering this

latter tie, the effect of possible future con-

struction of an embankment along the right bank

of the Dharla River must be consid, red.

The embankment i.s shown set back from the present

river bank about I/lIt to 1 mi..e. It crosses old

embayments and in places will clearly obstruct

flow and therefore come under severe attack. The
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embankment at the Dharla barrage is one such

location. The embankment layout is adequate

for costing in the feasibility report. However,

during the pre-final design stage, the alignment

should be refined and reasonably firmly esta-

blished.

The embankment should not attempt to severely

control the river flows, but only guide them.

Abrupt changes in alignment should be avoided.

Aerial photographs should be studied to locate

the historical river valley or meander belt and

the embank.ment should be retired beyond that

limit unless there are strong reasons for doing

otherwise. Particulzar care should be taken with

the layout at the river mouths where river re-

gimes tend to be highly unstable. The selected

layout should be analysed for its effect on river

meander, stages and discharges, and in particular

for its likely effect on Kurigram township.

Construction of the North Unit embankment will

have a relatively minor effect on the Brahmaputra

River as the amount of overbaiik spill and overland

flow prevented by the embankment will be small

compared to the flow in the river. On the smialler

Dhar]la and Dudlikumar rivers, however, pat-Li ciilarly

on the Dharla River where aii eml)ankmeint will be

constructed as part of the Souli Unit development ,

the river regimes could be significantly changed.
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Once embankments are constructed, river bed and

bank scour will increase, water surface gradients

will flatten, and silt deposition downstream of the

embanked reach will increase. Sinuosity of the

main stream is likely to increase as the stream

attemps to re-establish a regime. Studies on

Dacca Southwest project indicate that the rise in

water levels due to embankment construction is

less than the year to year variation in stage for

any given discharge. Those results will probably

hold true for the North Unit. However, these and

other effects of embankment construction should

be studied before final design is started.

3.5.2.3 Design

The cross-section of a typical embankment is

given in Volume III of the Report. Crest widths

are proposed as 14 feet except along the Brahma-

putra where the crest width is 211 feet. Side

slopes are given as I vertical to 3 horizontal on
the riverside and between 1 to 3 and 1 to 4 on the

land side. Borrow pits up to 10 feet deep are shown

30 feet from the riverside toe of the embankment.

The seepage line gradient is shown as I vertical to

6 horizontal. It is assumied that the dimensions

given are for the net compacted section.

The crest widtlh to be used for an embankment is

usually a function of the method of construction,

the ilt imate use of' the crest and the typ)es of

rodent prevalent in the ;area. With a III foot

crest width ,it must be assrmed that manual. labour

and sma ll compact ion equipment was envisaged for
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construction, and that if heavy equipment is

required for routine or emergency maintenance,

an access way will be requisitioned under

energency powers along the landward toe of the

emibankment. Once the embankment has beon con-

structed, maintenance of the edges of the crest

and their load carrying capacity are likely to

be inadequate to allow passage of anything but

the lightest mechanical equipment. With the

narrow crest width it is also assumed that the

hole making rodent population is small. It is

considered that the crest width of 25 feet along

the Brahmaputra is adecuate. The 14 foot crest

width along the Dudhkumar and Dharla rivers is,

however, considered inadequate.

In the sandy silty soils available in the North

Unit, 1:3 side slopes with the 24 foot crest width

should be adequate. The soils in the borrow pits

should be routinely checked for dispersive proper-

ties before construction starts.

The seepage line of 1:6 is adequate for a silty

soil. It the soil is a sandy soil, as the bore

logs given in Figure B-i of Volume II indicate

it will. be, the assumed hydraulic gradient should

be 1:8. At least 2 feet of cover over this line

should be provided at the landward toe. This can

be achieved by introducing a break in the landward

slope.

Seepage through the embankment, or under the

embankment through coarser sand layers, may

become a problem. Toe drains may be required.
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The location of the borrow pits on the river

side is correct as these will eventually silt up

and can be cultivated. Iowever, it is considered

that they should be at least 50 feet from the toe

of the embankment, and should not be taken deeper

than 6 feet. River flows will be parallel to the

embankment and these borrow pits could develop

into secondary river channels, creating parallel

scour velocities at the embankment toe. The borrow

pits should, therefore, not to be continuous over

lengths exceeding 500 feet. Between these length,

strips of original ground not less than 50 wide

should be left in place. A 6 foot deep borrow pit

should fill reasonably quickly with river deposits,

should not become excessively water-logged, and

should be cultivable one or two years after embank-

ment construction.

The question of full, partial or minimal compac-

tion of the cross-section should also be establish-

ed at the pre-final design stage as this also

affects the dimensions of the cross-section.

The use of grass slope protection is quite adequate

as proposed. Attention must be paid to the adequacy

of the soil to support grass growth, and topsoiling

should be undertaken where necessary. Careful

sprigging, nurturing and mainitenance of the grass

cover will be necessary if adequate protection

against gullying and wave wash i s to be achieved.

Road ramps of 1:5 are consideredI too flat. These

will extend far out into ihle country or too far

along the embanikment. Ramps of 1:15 are probably

adella te for buffalo carts. Ramtps wil]. be required

on both sides of the embankments where there :is

considerable farming activity on the river side of

the embankment.
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3.5.3 Drainage Works

3.5.3.1 General

Reference is made to Chapter 3.2.6, Drainage

Requirements, where the hydrological data used

to design the drainage works and the processing

of this data is discussed.

3.5.3.2 Drai.nage Improvements Without

Irrigation

Improvement of the poor drainage in the North

Unit without supplying irrigation water is

touched on in the Report and is generally dis-

carded as not being worthwhile. This is censi-

dered correct as the gi.in in agricultural land

would probably be offset by the loss in crop

production due to not having as much water avai-

lable in the beels for irrigation during the

latter stages of aman growth.

3.5.3.3 Drainage Improvenments wi th Irrigation

and Flood Control

With the application of adequate quantities

of irrigation water, there are no benefits to

be gaiined l'rom poor drainage. On the other

hand, by impi'oving draiinage , additional land

can be made available for yeal rouId c1l.tivtion.

The improvemc, uts pro posed in the leort comprise

re-shaping ex.stin," drainage channels, and inter-

connecting low lyinig ].ands to enable them to

drain to one of the four major drainage channels.
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It appears that no drainage water is designed

to be taken into the irrigation system. This

is considered correct during the monsoon season

when irrigation water is plentiful, as to do

otherwise makes operation and maintenance of the

irrigation system extremely difficult. During

the dry season, however, and particularly if

India reduces flows in the Dudhklumar River, it

may be desirable to actually check flows in the

drainage ways and pump the water into the irriga-

tion system. Also, following a more detailed

study of the river hydrology, if it is found that

critical shortages could .occur, permanent provi-

sions could be made for emergency pumping from

the larger drainage courses, particula'ly those

which have a large catchment area and carry

considerable return and bank regeneration flow.

For evacuation of surplus rainfall from within

the poldered area, there would appear to be only

three possibilities, by gravity drainage through

gated sluices, by pumping, or by a combination

of the two. The Report proposes the latter so

that surplus rainfa1.l can be drained by gravity

during low river stages and by pumping during

high stage. The concept is common and practicable.

The Report proposes 1i drainage pumping stations

For the North Inijt:. The approach would undoubtedly

effectively control flooding in the pol dered area.

However, each station would requ1ire re.S ild-,t , well

trained maintenance staff. Also, a syst.e m for

indenting for spare parts, procuring them from
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overseas or manfacturing them within Bangladesh,

and maintaining an adequate and readi-ly availa-

ble stock of spares would have to be developOed

and op)erated. Local stores and workshops would

be required, with adequate facilit:i.es and trained

mechanics, for all but the most major overhauls

and repairs. Foreign exchange would have to be

made available for parts procured from overseas.

All these, and other aspects of pump maintenance,

require great attention in Bangladesh at the

present time. Of 4i2,000 low lift pumps operated

by BADC, 15,000 are operable. Of 370 deep tube-

wells operated by B1tDB at Thakurgoant, only 270

are operable. There is thus a clear need to reduce

the reliance on compl ex machinery in the North

Unit as much as possible, and, where this cannot

be practicably achieved, for grouping the machinery

together as much as is practicable to simplify

maintenance prob].ems.

The l)ossi1iLity of coninecting two or more drainage

courses so that they both utilize one pumping

station should be cons:idered .in the pre-final

design stage. The land is relatively flat and

consid( able I)orrow pit excavation will be neces-

sary. Some oC these borrow pits could possibly

be desi gned as drainage courses.

For prelparation of the Re port , a co.iiiar son

)etween gravi ty (tra:illage and V11 !pe(d ra i draingi e was

i110e( .for one of' the four d-a i via ce as i us. See

Volume I , At)p'ldix A. 'h(, mllod ised was as

fo].lows. For the gravi ty dri; illige scheme it was



assumed that at the start of the inflow storm,

the river level would be at elevation 84, the level

w.ithin the poldered area woul.d also be at efevat:i.on 84
and all sluices would be open. The storm outflow

flood was then routed through sluices oI" various

sizes. The interior flood level was determined

and crop losses calculated for the average area

one foot below the flood level. The best size

of sluice was then assumed to be that at which

the incremental benefit of increased size of

sluice equalled the incremental cost of increased

size.

A similar approach was taken for the pumped

drainage scheme. The outflow flood was routed

through various capacity pump stations, crop

losses were de termi.ned as before, and the pump

station size was selected on an incremental

benefit-cost basis.

The two "best" sizes were then compared and the

pump station selected on the following basis:

20 Vent Sluice 800 cfs Pump Station

Capital cost Tk 1,280,000 Tk 10,320,000

Annual cost 83,000 1,670,000
Annual crop damage 9,480,000 2,030,000

Annual average loss 7,929 acres 1,680 acres

Now, t.he flood routing for the sluice scheme was

started from an assumed exi.stin.g Flood elevation

of 80 inis.ide and outside the embankment, and

it was assumed that damage would start as soon as
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flood waters rose above elevation 80. The routing

indicates that the total size of the sluice struc-

ture has little effect on the level of' interior

flooding; a It vent sluice, that is, I openings

5' x 61 in size, results in an interior flood eleva-

tion of 86.65, whereas a 211 vent sluice results in

a flood elevation of 86.511. Thus, regardless of the

size of sluice, over 70 percent of the crop damage

was assumed caused by inadequate internal drainage

before the design storm occured. hen considering

the pumped drainage scheme, the flood waters inside

the embanknent were assumed to be at elevation 80

when the storm occured. The Report indicates that

the installed pumping capacity has a significant

effect on the level to which the flood waters rise.

With a 200 cusec capacity pump, the flood level rose

to elevation 84.65; with 1,600 cusec pumping capa-

city, the flood level rose to elevation 82.00; and

with the 800 cusec capacity installation selected,

the flood waters rose to elevation 83.28. Therefore,

the selected pump station kept the rise in flood

water down to 3.28 feet, whereas the selected sluice

kept the rise down to about 2.6 feet.

It is clear that a considerable portion of any justi-

fication for pumped drainage lies outside the com-

parative study given in the Report. The justification

for pumped drainage lies in the fact that the water

level can be kept below the assumed elevation 80

throughout most of the monsoon season, whereas

with gravity sluices the interior runoff cannot be

evacuated unless the interior water level rises

a)ore v. ,e river level. Although the use of pumped

drainage is probably justified, an amplified ap-

proach to establishing this justification is con-

sidered necessary.
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The comparison studies should be started from a com-

mon base, such as the elevation 80 below which it

is stated that no damage occurs. This coulcd

necessitate starting the study at tihe beginiiig

of the monsoon season and determining how interior

flood levels increaso with crop gro..th. Such an

analysis has many variables and caL be effectively

carried out by computer.

A more detailed review of the need for pumped

drainage, and whether or not the number of pump

stations can be reduced, is considered necessary

because of the problems B3angladesh is having, and

will have for some time to come , in every aspect

of operating and maintaining complex machinery.

The spin-off benefits from installing pump stations

could, however, be coisi derable, and must be taken

into account when deciding the definite project

plan. For example, the electrical power distribu-

tion system re(quired for the pump stations could

also be used for rural electr:i.ficatjon and for

running tubewells in the area outside the flood

embankments. Rural electrification would not only

raise the general stanclard of liv:i ng, but would

also contribute to population control.

To summarize on the question of' drai nage:

- the basic hydrology needs to )e updated

- the need for pumped dmai.nage needs to be

studied in greater detail

- the use of' return and bank reenoerlt; ;i.on

flows to correct for ])ossible irrigation

water shortages needs to be reviewed
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- if pumped drainage is justified, possible

interoonnections of drainage courses should

be studied

- operation and maintenance organizations and

procedures for pump station*s must be esta-

blished as part of the project

spin-oFf henefit s from installing piuml)

stations must be taken into consideration

Conditions in each drainage basin d iffer. Due

recognition has to be made of the possible in-

f].uence of the Dharla barrage head pond in

deciding on the drainiage works for basin N4.

Where future constructien could alter the

drainage works design, the possibility of staged

construction should be considered.
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3.6 MISCELLANEOUS PROJECT ELEMENTS

3.6.1 Topography

Throughout the world, inadequate topographic

mapping is frequency the cause of' considera-

ble wasted time and money on an implementation

project. The necessity for early preparation

of accurate topographic maps to the scales

required, or the checking of existing maps,

cannot be too strongly emphasized.

It is believed that the quality of existing

maps in Bangladesh is fairly high. Nevertheless,

project control points and the accuracy of the

service area maps must be checked at critical

points as soon as possible in the pre-final de-

sign stage. Sufficient numbers of qualified

survey tems must be assigned to the project at

an early date to ensure that basic control is

installed and carefully checked, that canal

strip topography, drainage course centrelines

and cross-sections, and structure site topo-

gralphy are obtained in a systematic an(id timely

manner for use in preliminary and final design,

and that river surveys at the proposed Dudhkumar

pump station are obtained for preparation of the

mobile bed model.

3 - 119



3.6.2 Low Lif t Pumps

The Report discusses the possibi.b.iity of" usinig

large capacity (2-1! cusec) low lift plms)5 to

lift irrigation water from tihe variols drainage

channels in the area. See Page C-3 Volume II.

This study was apparently carr':ied oN t at the

request of 113RD with the idea that land acquisi-

t.i. on costs would be almost nil. 'Th'e back up

and layout details for the studies are not in-

cluded in the Report (Figure C-1 is not bound

into the Report).

Precise criter.i.a for the studies are not clearly
defined, although it is deduced that, For the

North Ulit, the assumed project plan was gravity

drainage through sluices, a flood embankment,

and irri gation by low lift pumps. The Relport

concludes that this approach to Lunpplving irriga-

tion water is only practicable if water can he

pumped from the river back into the drainge

channels.

Without the stuady backup data, deta:i.led comment

is not Possible. In general, however, the conc-l.u-

sion reached in the Report would seem reasonab].e.

The drai.nage channels are much steeper than those

further south in Bangladesh, und the mouths of' the

drainage channels will not 1he connected to deep

water channels i.: the ri.vers (luring tle Low Flow

season. The amount of irrigai tion water would

clearly he more than that flowing naturally in
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the drainage channels , so some means of. l:i.Fti.ng

water From the deep water river channel.'s into

the dra.i.nage channels would have to be

devised. This water would then have to be pump

l:ifted upstream in tile drainage cliannels through

a serli es of regtu.l.at ing s truc tures, and thell

pumped From the drainage channels into canal dis-

tribution systems.

In the Fl.'t!iands of, 13aigladesh, t e use of' drain-

age channels as :irrigatt:ion channels dulling the

dry season is econom:ical and (lu. te practicable.

The Dacca Southwest and Blelkuchi Projects are

examples oF th:i.s approach. For the North Unit,

however, where there is a good Fall, to the land,

it woul.d appear impracticable. Also, because of

the current prolems oF effectively maintai:iing

low 1:i. t: pumps, it wouJ.d appear imprudent to

adopt such a scheme when mori'e eliabl e and practi-

cable methods oF supplying irrigation water are

avai 1 al)le.

It is considered that further study of this

alternative is not required.
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3.6.3 Hand Pumps

UNICEF has developed a soundly desigied and

rel atively trouible free low lit t hanid plimp

capable of discharging about 0.2 cusec if

operated con tinuously.

It has been suggested by va ious agencies that

irrigat:i.on of the North Unit: coit1.l b e carried

out by this methIod. The aqu if ri :i.s perfectly

adequate and these pumps could undoubtedly firm

up the monsoon season rainfalL for particularly

energetic farmers and their families, and pro-

vide dry season irrigation.

One hand pump could be expected to yield, at

a 33% operator efficiency, approximately 2,400

cubic feet in a 10 hour day. Land preparation

will be the critical period for water applica-

tion, when up to 10 inches of water may have to

be applied in 15 to 30 days. Therefore, if a 20

day period is allowed for land preparation, one

pump could hand.e 1.3 acres, three pumps could

handle an average farm.

Pumping labour costs would be in the order of

Tk5-6 per day, or per rice crop about an average

of Tk500-600/acre.

Recent stldies carried out by the Departmont

of Agricultura. Economics at Mymemsinlgh I'niversity

on rainfed rice cultivated on 60 'arms are reported

to have yielded the following data:
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Yield Gross Input Return Net Return
Rice Variety maund/acre Tk/acre Tk/acre Tk/acre

Local Nizershail 25 856 -1,518 662

IR-20 38 1,008 1,961 953

Manual labour costs were a large percentage of

the above gross input cost. It was reported

that the area " has normally plenty of rainfall".

Rainfall in the North Unit is reported to be

too variable to grow HYV rice. With adequate

irrigation (and all inputs), the yields could

therefore be increased as follows:

Aus 12 to 50 maunds/acre (416 percent increase)

T aman 15 to 110 maunds/acre (266 percent increase)

Taking the fully developed farm condition per

acre, the net return per crop would be:

Gross input Tkl,008+Tk550 (pumping = Tkj,558

Gross return (40+50)maunds x Tk5O/maund = Tk2,250

Net return 2 = Tk 692

This is a better margin on investment usually

enjoyed by the farmer.

From the above very rough study, tile usc of' hand

pumps woulld seem to be a distinct ])ossibility

for individual farmers. However, the work is

undoubtedly arduous and requires an excessive

amount of labour input. If such a scheme were
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to be pushed for the whole project, a 75,000
strong, new type of labour force would have to

be created. This force would repi'esOuIt: 12

percent of the total popu].at:i on or abho ut half

of the males between 10 and 110 years of age.

The need for this extra resident le . p on the

farms could well encourage the farmers to have

larger families and the scheme could thereby work

against the present population control programs.

It is doubted if a hand pump scheme could be

successfully or quickly implemented for the

entire North Unit, in which case the potential

of the area would not be realized and the

standard of the entire population in the North

Unit, and the fringe areas, would not increase

as desired. There would probably not be a

rice siurplus in the North Unit f.'or export to

adjacent areas. When intensive agricul].tiural

development is initiated at a later date, there

would be no irr:igation system to act as a

uni. fying influence on the farmers. The deve-

lopment of co-operatives would therefore be more

difficuilt. There would be no improvement in the

road network. On the other hand, 1_r ve scale

surface irrigation development wo uld enable

the Cull agricultural potenitlial of the area to

be systematically developed, wouldci opou qp

the area by providing a network of roads, would

provide effective irrigation to the entire pop-
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lat:i.oii qui ckly, and by opening up communui-

cations wol. d encouriage community activities

a 1roup ap1roach tc problems, a:d a be t er

way of life, Extension work would be made

easier as the farmers could be formed into water

users groups by lateral or sub-lateral service

areas.

In conclusion, it is the Consultant's opinion

that the large scale use of hand pI)s would

represent a short-term, partial sol.ition to

the problem of accelerated agricultural deve-

lopment. In the long run, a reliable, controlled

supply of irrigation water will. be necessary if

the agricultural potential of the area is to be

achieved, as it must. It is considered that the

thoughts of the farmers should not be diverted by

interim irrigation measures, but should be firmly

directed towards community wide agricultural and

social development of the North Unit.
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3.6.4 India's Reduict:ion of Flows in the
Dudhkumar River

Since the Dudhkumar River's catchment area is

almost all in India, any diversion from the riv-r

in India could have a signi.':i.cant effect on

the proposed surface water irri gation system

for the North Unit. The ].and on the Ind:ian side

of the border appears to be fairly flat and

diversion of some of the Dudhkumar flows for

irrigation appears to be a distinct possibility.

During the monsoon period, the river carries

snowmelt and rainfall. Diversion requirements for

the North Unit and any developments on the Indian

side would be minimum during this season. Any

diversion of f].ows in India would, theref'ore, be

unlikely to affect thesupply of supplemental

irrigation water to the North Unit dur:i.ng the

aus and aman seasons. During the (ry season, the

river flows must come from bank re generation , as

rainfall in India is almost nil and all snowmelt

ceases. The river must act as a gron dwa ter drain.

Diversion requirements for tie Nor t.hI Unit and for

any Indian developments would be maximum in the

dry season, and any Indian developments could

therefore have a significant effect on the boro

and rabi crops. If the developmen t.s were suI'f'i-

ciently f'ar upstrean, however, Ibank regeneration

and return flows could be adequate for the North

Unit. Diversion close to the border could,

however, be critical.
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Guarantees from the Indian Government on mininm

flows should be sought as early as possih.i.., after

the minimum flows have been firmly e.s1;abl.i, slied.

If these guarantees cannot be obtained, deta:i..s

and timing of potential developments should be

sought and their effects on f].ows in the Dudhkumar

established. If these detajls are Hot obtainal)le,

estimates of possible diversion requirements

should be made from whatever maps are available

for the Indian portion of the Dudhkumar catch-

ment area. Once this information has been obtain-

ed, the possible effects on the North Unit irri-

gation system can be deternined. If gua rantees

from India cannot be obtained,contingency plans

should be laid for modifying the irrigation system
as and w-ien India reduces flows in the Dudhkiimar

sufficiently to cause irrigation water shortages

in outlying areas. These could :inclllde the us e of

low lift pumps to pump return flows and ary bank

regeneration from the various drainage channels
into the distribution system, or the installation

of tubewells to pump into the remote parts of the

existing distribution system.

The Joint River Commission should be approached

as soon as possible on this problem.
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3.6.5 Areas Outside Embankment

The flood control embankments must be located a

considerable distance from the river bank if they

are to be safe against river ;,ttack. A large

number of farms will be divided by the embanlkment

and a large number will be left on the river side

of the embankment. The land on tho rv.iver side of

the embankment wiil not always be f.l.o ode d arid

could be utilized to grow a good auts and boro

crop ift irrigation water can be supplied.

If electrically driven drainige pumps are re-

quir .(1 at each of tile drainage area outlets, a

source of power for tubewells would he at hand.

D)iesel driven shallow lift tubewells could also

be considered for these areas. Maintenance of

a di. strb tjion system of any sort would be a

problem. Portable pipe d:istribution systems

could be conusidered Hand pumps may also be

practical~ie for these areas.

It is coiisidered that in devel-oping tle definite

I)roJect plan, the so,-io-econonhic i.lelualit:ies

becween the areas just is.ide and those outside

the embankment must be coiisidered. The area out-

side the emblankments is too large to do otherwise.
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3.6.6 Government Organizational Structure

The Report proposes that the Project implementa-

tion, operation and maintenance be carried out
using the existing Governmental organizations

rather than by establishing a semi-autonomous

Project Authority. The Consultants consider

that, in principle, this is the best approach

to follow.

The creation of a Project Authority is certainly

a short term way to get one project completed.
However, as the Authority would have to be largely
self contained, duplication of departments and

disciplines already established in other agencies
would be enevitable. Also, such authorities have
a tendency to remain unnecessarily large once

the implementation period is finished, and trained

staff whiich should be released to assist on other
projects is frequently held longer than necessary.

Further, the experience gained on the Project would
tend to remain with the Project rather than be

disseminated back through the concerned Government

agencies.

The Report recommends that BWDB be the implementing

agency and that there should be two committees, an
advisory committee chaired by a Minister and in-
cluding the Secretary of each of the concerned

Ministries, and a project development committee
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chaired by the local Member of Parliament and

including senior officers of each of the con-

cerned Government agencies. The stated reason

for having the project committee chaired by a

politician is to ensure that funds are made

available as required. The Consultants consider

that once the North Unit has been approved by the

Government, the allocation of funds would be

according to the budget application of the lead

Ministry, that is, through normal civil service

channels rather than through political channels.

It is further considered that although co-

ordination of the various social, economic and

technical groups is clearly necessary at project

level, the senior civil administrator should

chair the committee rather than the leader of the

political party who happens to be in office at

the time. This would avoid implementation of the

project being manipulated for political advantage.

The Report outlines the Project implementation,

operation and maintenance inputs, but does not

develop a management structure to show how these

inputs are to be co-ordinated to ensure success

of the Project. A construction organization

chart is given in Table VIII-11 for BWDB's part

of the site work.

The magnitude of the implementation problems and

the degree of success in achieving the project

aims, will depend to a very large extent on the

smoothness of co-ordination between the various

agencies at central Government level. When deve.-

loping a management organization chart for the
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Project, it will, therefore, be necessary to re-

view the present Government systems as they relate

to irrigated agricultural developments, and, if

necessary, to consider changing them. An in-depth

analysis of what is required to make the North

Unit project succeed will undoubtedly reveal the

strengths and weaknesses of these systems.

Once the best project management organization is

established, with or without changes in the

Government system, the actual implementation of

the North Unit project will be an excellent

testing and training ground for later develop-

ment of the South Unit and other development

areas.

The need to prepare a detailed management organi-

zation, with clearly defined lines of communication,

liaison reporting, service support, and so on,

cannot be over stressed. The fact that there will

be many Ministries involved in implementation of

the project must be carefully considered and the

responsibilities of each Ministry clearly defined.

Consideration should be given to establishing an

Accelerated Agricultural Development Committee,

possibly as part of the Planning Commission, to

be responsible for national level policy decisions

and co-ordination of all Ministries in the field

of agricultural development. Each major project

could then have a Project Co-ordinating Committee

comprising selected representatives from each

concerned Ministry and agency. This would be the

decision making committee for the project and
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would handle all matters which could not be

handled routinely at agency level or by the

Project Implementation Committee. It is envi-

saged that the Project Co-ordinating Committee

would have its chairman and secretary drawn

from the Planning Commission. This committee

should be fully endowed with authority to act

for the Government on all matters concerning

the project within the policies extablishes by

the Accelerated Agricultural Development

Committee. The Project Implementation Committee

would function at the project site to coordinate

the work of the civic authorities with that of

the project staff.

The scope of the North Unit project, from the

Government's point of view, should be defined

at an early stage so that the management orga-

nization can be developed accordingly. Quest-

ions such as, are rural fisheries, livestock,

rural electrification etc. to be included in

the North Unit pi-oject, must be resolved early

so that these activities can be properly

represented on the committees from the very

beginning of the project.
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3.6.7 Electricity Distribution and Rural
Electrification:

It is understood from the Report that a 33 KV

transmission line extension is planned as

follows:

- to Kurigram via Lalmanirhat

- to Chilmari via Ulipur

Information obtained during the site visit

was that the towers for the above extension

are essentially completed but that stringing

of the conductors is held up due to lack of

funds.

It is recommended that the completion of the

Lalmanirhat-Kurigram leg be included in the

North Unit project, if funds cannot otherwise

be made available. Extension of the line into

the North Unit is covered in the Report.

It is further recommended that consideration

be given to including rural electrification in

the total scope of work for the North Unit

project.
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3.6.8 Indian Enclave

The Project maps show an enclave of Indian

territory in the North Unit with the canal

system skirting the area.

Undoubtedly the people in this area will want

to benefit from the proposed development, but

prior agreement with the Indian Government will

presumably be required.

It is understood that moves have been made to

exchange various enclaves located on either

side of the international boundaries. If such

an exchange cannot be arranged, however, it

would seem prudent to not run any canal through

the enclave which is designed to serve an area

on the other side of the enclave.

The status of this enclave should be clarified

as early as possible during the pre-final.

design stage.
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3.6.9 Cost Recovery

The Report indicated that cost recovery provi-

sions have already been made by law as follows:

Flood Control and Drainage:

The farmer pays a proportion of the project

cost according to the benefits he derives,

or a proportion of the project cost accord-

ing to the area benefitted. The amount paid

is such that the works pass to the benefi-

ciaries in 20 years.

Irrigation:

The farmer pays not more than 10 percent

of the increase in crop value.

The laws relating to cost recovery have not

been studied. This must be done during the pre-

final design stage and the method and extent of

cost recovery established with the Bangladesh

Government. The amount to be recovered for flood

control and drainage would appear to rest on the

value the Bangladesh Government places on the

North Unit Project.

For the irrigation charge, although HYVs of rice

cannot reportedly be grown in the area due to the

variation in rainfall, some of the increase in

yield will come not from irrigation but from im-

provedI agricultural inputs. An equitable assess-

ment of' the increase in crop value due to irriga-

tion would appear to be necessary under the

present cost recovery system.
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Cost recovery and eventual ownership of any works

raises the question of maintenance of those

works, both during the paying off period and

after the farmers own the works.

The need to carry out a cost recovery study is

discussed in Chapter 3.3.6.7. It would entail

a review of the effectiveness of the present

laws and their enforcement, an assessment of

the adequacy of present systems once national

policies regarding farmer's institutions, opera-

tion and maintenance, and ownership of works

have been put into effect, and the drafting of

any necessary acts or laws. As mentioned in

Chapter 3.3.6.7, any necessary reforms could

be included in the scope of the North Unit

project.
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3.7 PROJECT IMPLEMENTATION, QUANT'TIES AND COSTS

3.7.1 Implemecitation Schedule

The implementation schedule proposed for the

North Unit is given in Figure VIII-8/1 of

Volume II of the Report.

The principal construction features are scheduled

to take the following periods of time:

Flood embankment 3 years 9 months

Irrigation headworks I years 1 month

Irrigation system 5 years

Drainage System 1i years

Transmission Line etc. Ij years

River training works 2 years

Total period 6 years

It is noted that there is no phasing within the

North Unit to bring selected areas under irrigated

agriculture before the whole project is completed.

In fact, the Report states that there will be no

benefits to the farmers beftore 7 Nears has elapsed.

This is an unnecessary delay as water could l)e

made available as soon as the pump station, the

river training works and a significant portion of

the canal system have been completed.

A clear picture could not be obtained from the

Report as to how the various parts of the works

are to be carried out, whether Lv force accoint

local contractor, or by Jllterllatolla ] colltr'ac tor.

Reference :i s Ilade, however, to a "p]r,.ject ('X(:CtltJ. ull

authority " on page VIII-15 of \"olime I. 1 OIL paQe
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VIII-33, it states that the embankments, canals

and drainage channels would be constructed by

head basket, and compaction of fill would be by

sheepsfoot roller. On page VIII-15, it states

that field ditches would be constructed and

maintained by the farmers.

Time is the essence of developing the North Unit.

However, at the same time as accelerating develop-

ment, full use of labour capabilities should be

made. The two requirements are somewhat contra-

active. From discussions with BlWDB staff at

Kurigram, it is suspected that BVDB may not be

able to provide sufficient numbers of qualified

staff to construct, supervise and manage the entire

project on their own without running a risk of

greatly overrunning the time estimates and thereby

losing valuable benefits. It is therefore suggest-

that the following general construction implemen-

tation approach be considered:

BWDB - lead agency, responsible for

total project development,

- land acquisition

- liaison with Project Implementation

and Co-ordinating Committees

- co-ordination of agricultural inputs

from Ministry of Agriculture

- co-ordination of input from other

agencies,

- supply of majority of support staff

to consultant

- supervising Food for Work construc-

tion

- supervising local contractors
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Ministry of - responsible for supervising

Agriculture agricultural extension programs,

- supplying all agricultural inputs

- liaison with Project Implementa-

tion and Co-ordinating Committees

- development of farmers institutions

Consultant - responsible for project schedul-

ing, design and management of con-

str-iction with staff seconded from

BWDB and other agencies as necessary

- preparation of contract documents,

contract measurements and payment

certification.

Construction - embankments by Food for Work

Program (BWDB supervise).

- pump stations and river training

by international competitive bids

- main canals and laterals by inter-

national competitive bids

- sub-laterals and field ditches by

local contractors.

With international bidding on the major works,

timely completion, good equipment maintenance,

and maximum practical use of labour consistent

w:ith the time schedule laid down would be more

likely. Bangladesh companies may be successful

in this bidding of course, or may joint-venture

with overseas companies. Equipment supply con-

tractors would be "nominated" as sub-contractors

to the main contractor, who would then be ultimate-

ly responsible for their performance. Equipment

supply contracts would be let early to ensure

timely delivery.
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Poor supply of cement, resteel and stone could

delay the works. The nominated sub-contractor

approach could again be used to keep ultimate

responsibility in the hands of the main contrac-

tor, and to ensure that local industry is

properly favoured.

The question of field ditch design and con-

struction must be carefully studied. One ditch

will pass through many farms and will not reach

all plots on one farm or all farms. It is

recommended that the design and construction be

made a part of the project to ensure timely

completion. The farmers could then be left to

arrange water transfer from plot to plot.

If the abov approach is taken, it is believed

that there will be a better chance of meeting

target dates, the quality of the work will be

adequate and maintenance will therefore be

cheaper, and the existing resources of BVDB

will not be overstrained. And, most important,

irrigated agriculture will be possible over

large areas within say 3 years of starting

construction.
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3.7.2 Quantities

These appear to have been considered in some

detail in the Report. The introduction of

canal lining would significantly affect these.
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3.7.3 Costs

The Report states that unit costs are based on

1972-73 costs mostly obtained through the

Planning Commission. The Report recommends

updating these costs to correspond to the date

when construction starts. Figure 3-7 refel S.

No contingencies have been allowed. It is

recommended that 15 percent of the construction

cost be included to cover contingencies.

Engineering and investigation costs have been

taken at 15 percent of the construction cost.

For the present level of study, this allowance

is adequate, although it is considered con-

servative.

I3WDB management costs have been taken at 2.5 per-

cent which seems low. A value of 5 percent would

be acceptable.

Interest during construction has been taken as

6.25 percent for local currency and 1i percent for

foreign currency, applied to the total construc-

tion cost. As capital is not consumled at the

start of the job, these rates are e(julivalent to

about 12.5 Percent and 8 percent res)ectively oil

the progressive borrowings. lowever, i t is ]o. ()Ld

that 0. 25 percent and It p(rc iit Li , ii'e. we'e a .so

used when calculating aninua.I costs. \i'l(,1 fCilli'1.i zi-ng

coils tr'iiC tioll zolu( Z11ulv la. costs for t.l, I(o 1 . t( p r o)1 -

ject pA.an, tw rates S(,lsho Iw il I ill(. witli)

the rates and repayment cond:i Li.oris Lk u y to

apply to local and foreign loans. lie c1ir'rerit

3 - 1/1



Bangladesh central Bank interest rate is 8 percent.

Ninety day treasury bills were iss sued in August

1975 at 7 percent. The interest rates on foreign

Capital will range from about 0.75 percent to

8.5 percent. Sensitivity analysis must be

carried out to determine the effect of varying

repayment requirements.

Note that the cost of providing access to the

North Unit, and completing the transmission

line to Kurigram is not included in the capital

costs presented in the Report, and that lump

sums only have been included for river training

and improvement of internal roads.

Taxes, duties and similar inter-governmental

costs have not been included in the estimates

of project costs.

When calculating annual costs in the Report,

iunterest on borrowed capital at 6.25 percent

local and /t percent foreign, replacement re-

serve at 3 percent increase in present worth

per year, and O& costs varying wi.th each it em

were included. These allowances are considered

to be low, except in the case of foreign capi-

tal which, if a soft loan is obta:ined, will

cost anywhere from 0.75 percent to 3 p'rcent.

When considering O&M costs in the re-working of

the project costs and benef its, ex:isti ngr O&

costs on othe- projects should be used w.ith

caut:i on . For example , O&M oil the 'Illakurglo i

Project is clearly inadequate. Also, if these
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costs are not calculated from first priiicipals

and a percent;ige of the constrtiction cost: is

taken as the O&M cost , care must be takell to

ensure that the construction2 cost and O&M cost

are considered on the same basis, that is, that

shadow pricing is not used for one and not the

other.
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3.8 PROJECT BENEFITS

Tile benefits from irrigation alone are considerable, for

without a dependable water supply the high yielding

varieties of rice apparently cannot be grow<n in tile aus

and ainan season, and a large scale boro crop is out of

the question. The Report deduces that the belnefits from

flood nrotection do not exceed the cost. This is con-

sidered conceptually incorrect, as it would )e most

imprudent to complete the irrigation system for the

entire area without protecting it against flood damage.

Certainly, a portion of the irrigation system could be

constructed .hich would be free from flood hazard, but

tlen tlie cost of the headworks would increase in propor-

tion to the area served, and the benefit - cost ratio

would decrease.

It appears logical to the Consultants to develop the

North Unit as one complete unit, considering irrigation,

flood control and drainage as inseparable parts of the

completed project, and to determine the feasibility of

the project on that basis.

The Report is difficult to follow as to when the costs

and benefits have been shadow priced and wlhen not.
*The following table of present worth benefits is,

therefore, only believed to be what the Report concludes.

See page X-2, Table X-1 and Table VTT-21A of the Report.
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*PROJECT BENEFITS

Tk

Pre-project gross production value 83,258,000

Pre project cost of cultivation 37,727,000
Pre project benefit 15,531,000

After proj(ct gross production value 369,640,000

After project gross production value 140,711,000

After project benefit 228,929,000

Net benefit 183,398,000

Cultiv.ted area 71I,000 acres

.'. Average income increase/farm = 183,398,00 x 3.3
714 ,000

= Tk 8, 18o

An alternate approach to check the above conclusion was

taken by the Consljtants and is presented below:

Present crop):ing factor 1.52

FuLure cropll)in,< factor 2.2

Assume average present y:ield 15 maiinds/acre

Assume Iuture yi.e.d 50 mauln(ls/acre

Assume present and fulure crop

present worth vallies Tk70 and rTk5O/maund
Assume one farm area 3.3 acres (culti.vated)

Assume current cost of production Tk600/ cre

Assume futLure cost of produic tion Tkl,000/acre.

Pre-lprojcCt. pi'odl,,ct ion cost/farm = 6 00x3.3x1.52
Tk 3 , 010

Pre-tproj ec t iodl cl i vo xrai]uil/(' a iln

a) 1/3 share crol)p(

).3 x 2/3 x 15 x 70 x 1.52

+ 3.3 x 1/3 x 1/2 x 15 x 70 x 1.52

Tk 4,388
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b) no share cropping

3.3 x 15 x 70 x 1.52 = Tk 5,267

.. Pre-project net income/farm

(excl. taxes etc.) = Tk 1,378 to
Tk 2,257

After-project production cost/farm

= 1,000 x 3.3. x 2.2 = Tk 7,260

After-project production value/farm

a) 1/3 share cropped

3.3 x 2/3 x 50 x 50 x 2.2

+ -3.3 x 1/3 x 1/2 x 50 x 50 x 2.2 = Tk15,125

b) no share cropping

3.3 x 50 x 50 x 2.2 = Tk18,150

After-project income/farm

(excl. taxes etc.) Tk 7,865 to
Tk 10,890

". Net income incre;,se/farm Tk6,'i78-Tk8,633

Note that this is not significantly different

from the Tk 8,180 believed given by the Report.

If taxes, cost recovery payments etc. are deducted from

these figures, ealch average farmer could expect to

increase his income by I to 5 times.
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Note that the present worth of future paddy

production was taken as Tk 50/maund in the

Report. In the above rough farm budget ana-

lysis a price drop is assumed; the present

value of paddy is taken as Tk 70/maurid, which

is the actual present value, and the present

value of future paddy is taken as Tk 50/maund.

International rice prices are forecast by IBRD

to drop in the next 10 years from about ,233/

metric ton to $165/metric ton (25-35%u broken,

f.o.b. Bangkok). Tk 50/maund for paddy corres-

ponds to about S1211/metric ton for rice at an

exchange rate of S1 = Tk 16. If anything,

therefore, the benefits forecast in the above

farm budget analysis would appear to be slightly

underestimated. IBRD have recent.y used the

following rates for future paddy prices in

appraisals, which again suggests that the above

analysis is conservative.

aus Tk 79/maund

aman Tk 92/maund

boro Tk 82/maund
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3.9 PROJECT ECONOMICS

The following economic indices were determined in the

Report, as defined, to test the economic viability

of the Project:

Benefit-Cost Ratio

Present worth value of the total benefits

over the life of the project (50 years

assumed) divided by the present worth

value of the total costs over the life of

the project. The annual benefits to

annual cost ratio was not used.

Net Contribution

The present worth of the total benefits over

the life of the job minus the total present

worth of the total cost.

Internal [late of Return

The discount rate at which the present worth of

the total benefits over the life of the job

equlals the( present wurth of' tle costs.

Tihe Report states tiat the recommendatioris of the

Planning Commission Manual "Manual for Project Evalua-

tion, Government of the People's Republic of Bangladesh,

1973", were followed for shadow pricing farm output.

3 - 1119



The results of the economic analyses, as given in the

Report, are as Collows:

(i) Construction cost (Table IX-2A) Tk223,517,164

(2) Annual project cost at Tk 181,198,395
6.25 9 local (Table IX-7A)
and 11% foreigni interest
r ates

(3) Gross annual production value Tk369,64O,000
with project (Table VII-21A)

(It) Gross annual cost of production Tk120,679,000
with project (Tables X-1 and
G-3)

(5) Net annual production value Tk248,961,000
with project. (3) - (1t)

(6) Gross annual production value Tk 83,258,000
without project (Vol. I,
pg X-2)

(7) Gross annual cost of production Tk 26,864,000
without project (Table G-1)

(8) Net annual production value Tk 56,3914,000
without project (6) - (7)

(9) Annual net benefit (5) - (8) Tk192,567,000

(10) Annual benefit-cost ratio 10.41
(H ) 4 (2)

(I) Total costs at 10% discount Tk 92,108,000,000

rate (Table G-27)
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(12) Total benefit at 1.0% dis Tk1,253,29,O00O,000
count rate (Table G-27)

(13) Total benefit - total cost i3.6
ratio at 10% discount rate

(14) Net contribution at 10%. Tkl,161,320,000,000
discount rate [(13) - (12)]

(15) Internal rate of return 128%

A full check on this data is beyond the scope of this

review. The following order of magnitude check was,

therefore, carried out by the Consultants.

Recent development costs in Bangladesh have been

estimated as follows by various authorities on a

present worth basis.

Belkuchi 4l4l0/acre for 80,000 acres

$1, 100/ha

includes assumed value of existing

Brahmaputra right embankment, embank-

ment around remainder of project, a

lot of double pumping, internal road

and 33 kv distribution systems.

Barisal $200/acre for 1i0,000 acres

S5 10/la

includes no embankments, local contractor

for civil works, double pumping, lots

of gates.
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Muhuri $520/acre for 50,000 acres

1 , 300/ha

includes major barrage and regulator,

flood control and irrigation.

Karnafuli S550/acre for 38,000 acres

$1,370/ha

includes tidal charging of streams,

pumped irrigation, small embankments.

These costs will be escalable over the construction

period. IBRD has recently assumed the following

escalation rates

RATES OF ESCALATION

Year Foreign Exchange Foreign Exchange Locaa
Civil Equipment

1975 16 12 25

1976 14 10 20

1977 12 8 17

1978 12 8 15

1979 12 9 13

For the North Unit Project assume

U.S. = -Tk16

Project life 50 years

Opportunity cost of capital 8.5%
throughout project life
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Capital cost of project $ 35,520,000
$1,200/ha including access
road to Kurigram, 33 kv
transmission line to Kurigram
and Teesta railway bridge
modification

Loan repayment period = 30 years
Animual 0& @ -/ 1,065.) o /0 ,o 5 6o o

Replacement fund @ 8.5% 51,976
over 50 years

Net project benefit p.a., =$ t72
see Chapter 3.8 (Tk7,560)

Net project benefits p.a. =$ 10,595,154
(Tlk765()O x 7/1,000 acres
3.3 acres

=Tk 169,527,272. cf.
item (9) above:
Note that no benefit from
a Dodder crop is included
in this)

Increased 0&M and replacement costs will be

offset by increased production value.

Full annual project benefits will be achieved
after 7 years, half full project benefits

will be achieved during the first 7 years.

All costs and benefits are based on present

value.

No benefits gained from completion of the

Kurigram access road, 33 kv transmission line

to Kur-igram or modification of the Teesta

railway bridge. This is conservative.
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Then:

Annual Benefit Cost Patio

Annual cost - loan redemption = $ 3,305,156

k& I= S 1,065,600
replacement = 51,976

$ 1,1221732Annual project benefits = $ 10,595,1154
Annual benefit-cost ratio 

2.4during loan repayment for
30 years
Annual benefit-cost ratio = 9.5after loan repayment for
20 years

Total Benlefit Cost Ratio

Total cost - .oai redemption, = D 99,1511,68o

30 years
0&, 50 years = S 53,280,000
replacement 

= $ 2,598800

$155,033, 180Total benefits 10,595,151 x 1134- 10,595,154 x 0.5 x 7 = $492,688,611

* Total beneCit - total cost =ratio at end of Project 
3.2

life

Internal Rzate of Return

Ignoring aumlia1l, vatria tions in bele.'ijt.S amidcosts, and reof ii llIZI) ts ill cal C l ai. i on, theavet'age intei (-lnl] rate of' reirn over- the
project 1 :ie wi 1]. be soIm;wh em-e between
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1 0, 5 95,15 11-1ti,i22,732 and 10,595,1t5ti- 1,117,576
35,520,000 35,520,000

or 17% 27%

Sensitivity analyses were performed for the Report on

the following basis:

- 10% increase in benefits, 10% decrease in costs

- 10% decrease in benefits, 10% increase in costs

The results were:

Optimistic Pessimistic

Benefit-cost ratio 16.5 11.2
@ 10%

Internal rate of return iIt O 100%

Sensitivity analyses are usually carried out to deter-

mine the effect of variations in certain inputs which

for various reasons cannot be accurately estimated.

The analyses serve to highlight those inputs which

are most critical to success of the project, and there-

by enable project management to foresee an*d guard

against shortfalls in these critical inputs.

In the pre-final design stage, it is recommended that

the following sensitivity analyses be carried out, and

tlhat the results be plotted as curves covering the full

range of possible shortfalls.

3 - 155



reductions in fertilizer supplies

variations in paddy price

variations in paddy yield

variations in the shadow exchange rate

increases in farm labour rate as the
surplus labour is progressively
employed.

increases in the price of inputs

increases in construction cost

increases in construction time

increases in time taken to reach full
forecast benefits

increases in power costs (fuel costs
if diesel tubewells used).
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CHAPTER

SUMMARY OF ADEQUACY OF FEASIBILITY STUDY AND REPORT

4.1 GENERAL

A considerable amount of work has been carried out for

preparation of the Report, and all indications arc that

the North Unit Project will be economically and tech-

nically feasible. The Consultants, however, colsider

that the best use of available data has not been made,

that sever.:l major problems must be addressed before

project impl-ementation starts, and that, in its present

form, the Report is inadequate for application to the

international lending agencies for financing.

Notwithstanding the above, the Consultants consider

that, provided the problem of' Indian diversion of

Dtidhkumar flows can be resolved, the project recon-

mended in the Report is technically feasible. Also,

that the benefit-cost ratio and the internal rate of

return will be high, al. though not as high as given

in the Report. The benefits obtained from the project

will depend to some degree on what is finally included

in the project, for example the access road and trars-

mission ine to Kurigrain, and on how rapidly full

development can be achieved. The latter wil]. depend

on how well the Government prosecutes the en tir-e under-

taking, and on the management structure established

for the project.
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4.2 CRITICAL DEFICIENCIES

In Chapter 5, it is recommended that a pro-final

design, or Definite Plan report be prepared. During

preparation of this report, the various minor and
major inadequacies in preparation of the project for
implementation, as discussed previously, should be

rectified. Soii;e of these inadequacies are commonly

taken up by the international lending agencies and

by the Government, for example, the management and

organization of the project, and cannot properly be
considered critical deficiencies in the Report.

The following list then covers only the major aspects

of the North Unit project which the Consultants con-
sider are zritical to the feasibility of the project

and should be studied and settled before a full go-
ahead to project implementation is given. -

- provisions for improving communications

should be Firm;

project hydrology should be re-studied;

the need for pumped drainage should be confirmed

the use of surface water rather than grounwater

for irrigation should be comfirmed;

- means of getting water to the Pateswari pump

station should be reasonably firmly established;

- water diversion requirements should be firmly

established;

- Guarantees should be obtained from India that

India will not jeopardize these requirements;
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if guarantees are not obtainable, contingency

plans should be l;,id for using alternate water

sources as may be necessary;

semi-detailed (minimum) soil surveys arid land

classification should be undertaken, if not

already available;

ithe necessary improvements in agricultural sup-

port services for the North Unit should be

determined with the Government, and provisions

made for making these improvements in the pro-

ject area. See Chapter 3.3.6.7.

the basic operation and maiiitericnce system for

the comp]eted project should be established with

the Government, and any necessary studies re-

quired to ensure that the North Unit is effective-

ly operated and maintained included in the project.

See Chapters 3.6.9 and 3.3.6.7.

the full scope of the project should be esta-

blished and the basic Government/lending aigency/

consultant org inizational system possitively

laid down;

lpractical guarantees should be obtained from the

Government that the agreed management structure

and organizational systems will be established,

and that they can and will be properly staffed.

project economics should be updated.
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CHAPTER 5

RECOMMENDATIONS

5. 1 GENERAL APPROACH TO IMPLEMENTATION

The North Unit is an isolated self-contained area,

physically separated from adjacent areas in Bangla-

desh. The lack of amenities in the area is almost

total, and to realize the forecast benefits it will

be necessary to provide a considerable amount of that

basic infriastructure which is often already present

in an area when irrigated agriculture is introduced.

It is, therefore, recommended that the North Unit

project be considered as a integrated regional deve-

lopment covering the following broad development

categories:

- irrigated agriculture with all associated

inputs

- drainage

- flood control

- road access to and within the North Unit

- electrical power supply

- tele-commun ications

- and possib].y ruiral electrification

5 - 1



Bangladesh is clearly in need of urgent assistance with
its agricultural development program. Extensive tube-
well devel opment has already been underta ken, but it is
not yielding the forecast benefits because of a lack of
ade quate operation and maintenance procedures. "'Tbe
current IDA deep tubowell project will add considerably
to this problem unless adequate steps are taken to pro-
vide a sound operation and maintenance system. ADB
are coi tempiL.tingan extens:ive u.se of shallow lift tube-
wells wh ich will compound the problem. Low lift
irrigation pumps operating from rivers and beels have
been emphasized in the past, againi w :i tlout prior esta-
blishment of an efficient operation and maintenance

system. At the present time it is reported that 15,000
ount of I2,000 1 ow lift pumps are operational and the boro

sea son is two months away.

The Consultants believe that because of these opera-
tion and ma:intenance prob].ems, which are unlikel.y to

be resoved(( ini the near future, a development of the
North Ini.t us. ng as little mchanical eqjlipment as
pos.sihl)1e is to be favoured. lf , on re-analysis of the
tiubewelL ad surface water irrigation schemes, the
turbewel s appear to 1)e economicall y jsti. fi.d, careful
atten tion must be given to the present and future
nati.onal. ini enaiuce pro)lemis before makingui a decision.

It is colisilderel that the -long termu .rriigated agri-
cltur(. al d.(velol)! nt. ini HBijl, lde sh1 req(lui res a mix of
sho 'lt- te;ii intel.( im developme10,n1ts coi iin with long-
terimi andil 11 i. iiat ely ilor0 e product i e(1 veo.epO ii(' i:t,. The

North Unit is :ri the latter category.
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5.2 ADDITIONAL EVALUATION REQUIRED

As discussed in Chapter 41, it is considered that the

Report is not complete enough for international financ-

ing applications. It is recommended that the data in

the Report, amplified and modified as necessary, should

be used as the basis for preparing a Definite Plan report

which presents all relevant project data to a standard

acceptable to the international lending agencies. This

report would

- establlish project aims

- eliminate major development options

- establish scope of project

- present basic Layouts for the major physical

components oF the project

- estal)ljsh basic project design criteria

- present project cost estimates, and construc-

tion schedules

- esta li, sh construction and development schedules

- establish project output targets

- es tabl ish project level and farmer level

eCofloif:i c b1ne'its

- id(lltil'y necessary manpowcr, physical and

financ ial :i nlit s

- establish im[l) ementation and completed project

oera t ion aid i;nagement systems and agency

resp)olis bi. l i . i cs.

id(elt ity Coll .1aints to achi evlifl l,. 'oljects aills,

output targets and benefits

- identify risks
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When preparing this report, proper attent:ion must be

given to the items which international lending agencies

consider important, and to published guidelines, so that

the time between a ppraisal and loan agreement is mini-

mized. Typical examples of the points commonly addressed

are given in Appendix D. It is recommended that each

of the potential lending agencies be approached at the

commencement of this report work to obtain their general

agreement on the scope of work.
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5.3 SUGGESTED IMPLEMENTATION PLAN

It is recommended that a consultanL experienced in

accelerated irrigated agr.cultural deve.pomenIt in

colntries simjilar to Bangladesh be retain ed to )re-

pare, in close cooperat:ion with tie Gov(ernment and

USAID, a Def:inite Plan Report in the shortest time

possible. Primary target dates after mobilization

should be approximately as follows.

3 months: to have eliminated major develop-

ment options and initiated all

field surveys and investigations

6 months to have essent:i.ally fixed the

project layout

10 months to have finalized cost estimates,

established project organization,

and issued droft Definite Plan

r e1)o r t

12 months to have reached agreement with the

Government on a-l m/ jor issues and

finalized Definite Plan Report

The success in meeting these dates will depend

on the degree of teamwork developed between all

concerne ( groups.

Discussions wi. th the Indian Government and the Joint

River Commission should start as soon as the diversion

re(luirements are fixed.

5 - 5



Discuss:ions wi.th the consultants for the IDA deep tube-

well project should be started as soon as-possible to

defer installation of' the 20 deep tubewelis ass:ig gned

to the North Unit. Use of these wells for demonstra-

tion purposes is not recommended unless a tubewell

development is eventually selected for the North Unit.

Foundation investigation at the pump stations, if'

these are required, should commence as soon as the

major development options have been eliminated.

I:f AID intend financing implementation of the North

Unit, the first steps towards loan agreefment could

probably )e taken towards the end of the 6th month

when the project layout will be essentially fixed

and adequate economic analyses will be available.

lydrau- Li-c model studi es for the Pateswari pumping

station shoulld be initiated as soon as all. development

options have been eliminated, and their elimination

agreed with BWDI3. Topographic survey work for the

model, should st"AFt as soon as it is decided to proceed

wi th this suggested implementation plan.

I: is recommended that, the consultant he i etaiied with

a view to having him continue wi th f:inal desig tn if' the

project is implemeonted. In this way, the consultant

would be able to) plan accord inugly and cons id(et-ale work

towar'ds final design coll 1( he done (lu'i , e p at. iO

of' tile Dolfi init e Plant i-oel-t. For- exampJ)] de'Vsi un of'

thie Fflood emibantkmenrts cold be V i ualized and at start,

made on constirct i-on of the embankmennits under the Food

5 - 6



for Work Program. As these embankments would be only

partially completed for several flood seasons, ple-

cautions would have to be taken to make sure that what-

ever lengths were constructed could not be damaged by

floods.

Earliest completion of the access road, installation

of adequate tele-comnuni cations, and provision of

su:itabl.e air and road transportation fac:iIities for

project staff is recommended. Design and implementa-

tion of the project will be seriously hampered for as

long as these facilities are not provided.

5- 7
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AVAIILAIITY ()F tlYI LOGICAL )ATA FIGURE 3-2

Septm(b1nher 1975

RIVER STATION STATION PEOI 01) DETAILS OF PUBLICATION REIARKS
NO. Daily Water Level Discharge

Dudhkumar Pateswari G.D. Since 196o-62 WSP 148 196o-62 wSP 148 Prior to 1964
1960 1963-61 WSP 2'78 -963-64 WSP 278 discharge taken

1964--73 1I.Y.B. 1964-73 !I.Y.B. mostly weekly.

1973 to date un- 1973 to date tin- After 1965
der processing. der processing. mean daily dis-

charges taken.

Dharla Kurigram G.D. Since 1946-58 wsP 65 1964-58 wSP 65
1946 1959-61 WSP 154 1965-61 wsp 151

1962 WSP 175 1962 WSP 175
1963-61 WSP 236 1963-64 wSP 236
1964-73 II.Y.B. 1964-72 H.Y.B.
1973 to date un- 1972 to date un-

der processing. der processing

Taluksimulbari Since 1960-61 WSP 154
1960 1962 WSP 175

1963-64 IdSP 236
1964-73 B.Y.B.
1973 to date un-
der processing.

Brahmaputra 115 Noonkhawa G. Since 1957-58 11SP 53
1957 1959-61 wSP 102

1962 WSP 192
1963-64 Not published.
1961j-73 JI.Y.B.

1973 to dite un- R.D.A.
der processing.



I ~ilVI1 STA-'ION STAITJ ON PERIOD DETAILS OF PUI31ACATION REMARKS
N 0.

D ail I, ter- Le,.v el )ischarge
Brmiali l t pIa '15 .5 Chilmari G. Since(coll.) 1957 1957-58 WSI1 55

1959-61 WSI, 102
196211 ,S, 1.92
1963-65 Not published
1965-73 lI.Y.B.
1973 to date R.D.A.
under processing.

46 Kamarjani G. Since 1957-58 WSP 58
1957 1959-61 vSP 102

1962 INSP 192
1963-64 Not published
1964-73 H.Y.B.
1973 to date R.D.A.
under processing.

46.7L Kholabari G. Since 1964-73 H-.Y.B.
1964 1973 to date R.D.A.

under processing.

46.7R Kristomoni G. Since 1964-73 lt.Y.B.
1964 1973 to (late R.D.A.

uider processing.

46.9L Bahadurabad Since 1964-73 It.Y.Bo 1966-72 H.YoB. *Transit 1961, 1973 to date 1972 to date R.D.A.G.D. under processiig. under processing.

46. 9N Fulchor-i Since 1964t-73 1.1Y.13.
Transit G. 19119 1973 to date

under processing.



IVER STATI0N STATI ON PEPiIOI) )ETA ILS O1F PUJ3I cA TON REMARKS
NO.

Daily hvat e- Level Discharge

lj 7L O]d Bahadura- Since 19119-58 VSB 18 1949-58 WSB 18
bad G.D. 1919 1959-61 hSB 102 1959-61 WSB 102

1962 WSt3 192 1962 WSB 192
1963-65 WSB RDA 1963-65 R.D.A.
1965-73 If.Y.B. 1965-66 1.IY.B.
1973 to date
under processing

47.3R Patilbari G. Since 1964-66 H.Y.B.
1964

47.3L Jognaichor G. Since 1965-73 B.Y.B.

1965 1973 to date
under processing.

Teesta Kaunia G.D. Since 1945-58 WSP 27 1945-58 WSP 27
1945 1959-61 wsp 94 1959-61 WSP 94

1962 WSP 209 1962 WSP 209
1963-64 RDA 1963-64 R.D.A.
1964-73 II.Y.B. 1964-73 II.Y.B.
1973 to date 1973 to date
under processing, under processing.

Kligonj G. Since 1948-58 wSP 93
1948 1959-61 wsp 9q

1962 WSP 209
1963-64 R.D.A.
1971-73 II.Y.B.
1973 to date

under processing.



NANE OF STATION PERIOD DETAILS OF PUBLICATION

Evaporation

1. Mahipur Since 1962 1962-64 WDP 2118
1964i-73 H.Y.B.
1973 to date under processing.

2. Rangpur Since 1961 1961-611 WSP 2/18
1)64t-73 1H.Y. B.

1973 to date under rpocessing.

3. Kaliganj Since 1961 1961-64 WSP 248

1964-73 H.Y.B.
1973 to date under processing.

Rainfall

1. Bhurangamari Since 1963 1963 WSP 266

1964 WSP 285
1964-73 H.Y.B.

1973 to date under processing.

2. Lalmanirhat Since 1962 1962 WSP 227

1963 WSP 266
1964 WSP 285
1964-73 H.Y.B.
1973 to date under processing.

3. Kurigram Since 1902 1902-50 WSP 9 Monthly
1961 WSP 170 Daily
1962 WSI' 227 Daily
1963 WSP 266 Daily
1964 WSP 285 Daily
1964 -73 11.Y. B.
1973 to date under processing.

41. Ulipur Since 1902 1902-50 WSP 9 Monthly
1961 WSIP 170 Daily
1962 WSP 227 1)aily
1963 WSP 26 DaiLy
1964 WSP 285 Daily
1964-73 I.Y.B.
1973 to date under processing.

iv



NOTES:

1. H.Y.B. means Hydrological Year Book.

2. W.S.P. means Water Supply Paper.

3. No evaporation station at Kaunia.

4. 1961 onwards all available data

published by Hydrological

Year Book for water year.

5. * Same section location

6. 1963 onwards are daily rainfalls.

7. G means stage readings.

D means discharge readings.

v
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Figure 3-4

EVAPO-TRANSPIRATION OF LOWLAND RICE (i)

Quantity and Units Listed Country Unit Reference

in the Original Source or Area mm/day No.

Wet season, 4.8 mm/day Cambodja I.8 172

Dry seiison, 6.6 mm/day Cambodja 6.6 172

From 600 t:o 650 mm/crop China 5.0-6.5 a  126
seasol

From .2 to 8.3 mm/day India .2-8.3 162

From 11oe to 766 mm/season India 4.O-5.1 47

Per season, 635 mm India 4.0-5.1 191

From 11.0 to 6.0 mm/day Indonesia 4.O-6.O 84

Over 8.0 mm/day Iran 8.o 85

Wet season, 218 to Laos 5.0 134
3. 9 Im/day

Wet season, 5.0 mm/day Malaysia 5.0 87

Dry season, 5.5 mm/day Malaysia 5.5 87

From 8.0 to 11.8 mm/day Pakistan 8.0-ii.8 104

Below 7.0 mm/day over Surinam 7.0 75

1olig l)eriods

From 600 to 650 mm per Taiwan 5.4-5.9 127

110 day seasonl

From 380 to 830 mm per Thailand 5.0-6.0 a  1314

se silSO

Wel seasOn1, 5. 1 mam/day Thailand 5. 1 208

Suhtropi cs, 7. 0 mm/day Japan 7.0 214,219

From 5.0 to 7.0 mam/day East Asia 5,0-7.0 214,219

per season, 25.57 :inches S.E. Asia 6.2 57

a. Es t ima te of' the da iLy evapo- transpirat ion

made From source other than tie one indicated.

I) .x trac t from Come] -1. University thesis by Jacob

Kamp'ei 1')70-



l.:ATI.P I~t I'I UIK.I:. NTLS 1:U1U I ANI) PU'P:AIA TI ON IN LOV LAND F.gure 3-5

RICE CEIAIV:ATION (1)

Land lii tial
Local ori Total Time Seededs soakirlg f looding Refererice

Mill c lay s Mill ninl m

Ceylon 330 . 12
India 230 - 2 5 0 a 200 - 46,66
India 230-390 - 1 9 9 -4 0 0 a 210-350 - 188
Japan 130 . 14
Nalaysia 225 - - 125 100 38
Malaysia 176 . 133
Suil-inam 420 - - 300 120 75
Taiwan 120-150 20 - _ _ 55
Taiwan 200-210 20 2 0 0 a 150 30 223
Thailand 300-4100 .... 134

S.E. Asia 220-2110 - 250-400 a  150-200 134

a. The total quantity in mm required for seedbeds is
divided by a factor of 15 to 25, according to the
seedbed ratio, to obtain an average water require-
ment per ha.

(1) Extract from Cornell University thesis by Jacob
Kampen 1970.



FLOOD I)AM,'GI' STIMATE Figure 7-6

Cropped Area Crolppcd Area Depth &
Inundated Damaged Lives Cattle People Duration

Area Year Sq. lilq. Sq. Miles Lost Lost Affected of Flooding

North Unit 1967 31 (26o.) 15 Up to about 6'
Up to 50 days,
see hydrographs
in Report.

Kurigram 1972 264 72 Nil 3,937 200,000 Normal 2'-3'

Sub-Division Abnormal 2'-7'

3-10 days

Kurigrani 1973 1,150 874 26 700 3,048,670 5'-3'
Sub-Dixvision 7-10 days

Kurigram 1974 173 110 2 134 107,710 Normal 2'-3'
Sub-Division Abnormal 3'-6'-3"

3-10 days



KUPt.I(RIAM t'lOJECT Figire 3-7

CoI;pzari. ol , t 'n1 i.t Casts

Kurigram Feasi hil-ity AD13 (Khulna Road) USAII)/Dacca for
I t em Uni t Repor t Kurigriam

Tk Tk Tk

Ear tlwork

canals 1,000 cu. ft. 60
embanikmeint s 1,000 cu. ft. 80 390 150
structures 1,000 cu. ft. 60 150

Co. crO to

1: 4: 8 100 cu. ft . 900 1,700
1:2:41 100 Cu. ft. 1,200 4,000

Land Acre 5,000 10,000 (farmland)

Resteel ton 5,500 8,000 8,000

Fabriccited Struc-
tural Steel ton 9,000 10,000-12,000 15,000

Cement ton 1,000 1,000

Bricks 1,000 700-800 65o

Brickwork lOOcu. ft. 1,600

Sand 100 cu. ft. 100 200 (Sylhet) 100

Stone 100 cu. ft. 250 (ri 1) rap) 800 (crushed) 500(1)ou].lel-s)

500 (pitching)

Tubewel 1 1 No. 1(0,000 (2 c,.sec, 113R1D, 1970, 2 cusec, 30,700 (2 cusec,
250 ft,. deep, '1 k150,000 @ Tk16 = 200 ft. deep,
Pg. %V]I11-29 ) 51 inc] . pump h olse)

177,000 (3 cisec,
250 ft. dceep,
Pe.. V I! 1! .1 --, 1) )



APPENDIX A

FLOOD RECORDS
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FE L 'l !" ' I 0 ( i (F THIS S .AS1U N 1273.

( C,,ncr 1.'drted reiort (f f -,d cccured in 1U';)

~* cc rallr- t ~ q1 nren of of f~ ol ;em ic
No., 0 - To, -- , --

ofch; h tf t'aet d I rrnio,bridye " t, y j sicn cf fl d fFflucdin .. n ,r:, nrea c r crc n :1- ' 1 ns. I culvrtsJin ilway t:ne fl cd cclntrC. -Pkt.fl .d-od-d area -i::'.' -- -. .rcen - lit,"n ! n'.r":ct,,res oU live l rak ," rivers
ins. S il- V'C~ dO i-ri " of 'ck 1-A. .. a7q l !ra:.l ina etc..

1- Ist. flo -- Jun-/73 1220 
-q.miles. 

I1", Sq. I)Ayjrox.(240 1:U1I Ir UB-DIVN.
7 1 n vn. Iiles. Sq.miles) 1 ,urigrac.

2. 2nd. flc'c :-Aur at/73 1,53,600 Acre. 2)Chilmnri. 1100 Nos . house 30,48,670 Nos. mile a-v. 5'te 3Jute 3t'- damage.3)Ulipur. were fully damaCed.7 to 10 d's. " .4 Sq 4)Howmari. 26 Noes. humanord. fSqd .i5)Iulbr. Culvert- 5 Nos. live were lestI.rd ' :-Sept/73 mjle)2,1,60 Acre 6)alnonirhat. Road = 6 "
= 2 dnv. Aus yaddy 5L5 7)Nageswari. About 700 Nos.damaged. 8) Bhurancamari. Railway= 50 different type4th ficod Cct/73 =4 days 3)Aipr630 sq.niles I NILFHMARI SUB-DIVN. nd=5.05 ef cattle were

D~ i lLa lSq. miles. lost.
=4,03,200 acres 2 Dim Sia.

2)Jaildhaka.
Amen seedling 60% 3)IiEhorCanj.
damaged.
4)Appr. (27 Sqmie I ANG]UR SADARl SUB-DIVrN:

r. 273 q.me l)atibandha.
=1,74,720 acro.Amon 2)Gangachara,
paddy 75, damuged. 3 Keunia.

; Kaiiganj.
5) kntc-ram.

GAIPlADIIA 1I!B-DIVN :
l)Gaibandha.

2)Sundnreanj.
3) lirgacha
4 Shaainta,
5)1 hulchari.

Executive Engineer,
Kuricram W.v. Division,KuriCram.



:11'11 RPOTIT 17 f)--' **"*-1'~W)' 1972. 11: THE DITIT tF RA'TGCU .

71iai o ;1read .. il- T '12~CIb control ilkk. m of of filo.-
ii~2.- [rt.~-:;. i flood a r~voct e. din.

:tucuHy los:' of livc

of eaen crop.o~yie
_~~i-~d I.na lives___ ______

C2h ,f 61f, 'a. 264 sq. 1)7:o U ~,r'ub-rivision. Hlo-otead 2ka in There wo ev,,rc cr%!o -'o77o-
-o--,:t.-.cek Mies. . 1 .L Ps. =41 92 N Apcox in t' ie azea of tL(

n;:g 7:. 1)ler~ peoSle & adjac:?nt 2c'cality of 31nf~t,
5 -':: :w:'nri P.S. N ~io~s. affected. CfS !"'L' ri

.) i'!uir TX. (Tartly) Live-stocks iraIrL
,C2 A3r 4):.~r =3,937 Noo. area of Ganr-ic~ara'PZ

95',, : iLA: . Mtrna,-.chIa an' al-'oa 2 to
r I. iiar-i Sub-Dim,. of Kawmia P.-.-' er 71 it,

3) 2ute 49,o&O Phulchari F.L..

daixijg;d. 2) .TalMhaka There ,as ' rcoin

j Yn,,rnia, Ihl - ocd
3) Kichorgaiij "(Partly) ermb-t . necr.-aidha &

damag3 in rifg -t ban!: Guide
_____buddh & DialL- t S.

2) C= -C!hara

3) M- 217 u Ij
4) r;!i-

G,.- .~ 2 (Partly)
4) fiundarganj



APPENDIX B

MASTER PLAN DETAILS OF
KURIGRAM PROJECT



NW 6 KURIGRAM PROJECT

LOCATION AGRICULTURE

The Kurigrom Project is located on the right The present cropping pattern is governed by
bank of the Brahmapulro-Jamuna River, north flooding during the monsoon season and by the
of the Teesto River, as shown on Plate NW 6-1. lack of soil moisture during the winter months.

Aus and transplanted aman are the dominant
DESCRIPTION OF THE PROJECT crops, although some jute and winter crops are

T p wv.c also grown. Present cropping intensity is 121.. ..........The -prelect ,-w ouldl-p-Irovide -food p oe o ......... ... ............. . ..... .......... ......... ... ......... .. .....

and gravity crninage for a gross area of 345,- percent.

000 acr( -s of which 277,000 acres would be irri- Irrigation and flood protection are not ex-
gaited. The area is naturally divided into two pected to introduce new crops, but the cul-
units by the Dharla River, Flood protection and tivation and yields of crops presently grown
drainage facilities include embankments along will be significantly increased. With the project,
flhe banks of the Dudlhkunar, Dharla, Brahma- the cropping intensity would rise to about 240
putra-.Jarnuna and Teesta Rivers and nine gray- percent. (See page 206)
ity drainage outlet structures to remove internal
runoff from the project area. No drainage PRESENT CROP PRODUCTION AND REVENUE
pumps are required. Two irrigation pumping Yield/Ac Total Price/Md Total
plants, one for each un; , would be constructed. Acreage in Production In Value in
One would be located on the Dudhkumar River Crops (Total) Mds in Mds Rs Rs
and the other on the Dhorla River. T. Aman 99,720 16.0 1,595,520 12 19,146,200

Aus 127,420 14.0 1,783,880 12 21,406,600
PHYSICAL DATA Boro 1,108 12.0 13,296 12 159,600

Sugarcane 1,662 600.0 997,200 2 1,994,400
Jute 42,660 15.0 639,900 25 15,997,500Embankme Rabi Vegetables 3,320 56,0 185,920 10 1,859,200Fruits 1,390 100.0 139,000 9 1,251,000

Trotal length 135 miles Oilseeds 24,930 5.0 124.650 30 3,739,500
Pulses 19,390 5.0 96,950 10 969,500

Crest width 14 feet Tobacco 1,910 6.0 11,640 100 1,164,000
Chillies 550 3.6 1,980 76 150,500

Irrigation Pumping Plants Wheat 11,080 9.0 99,720 17 1,695,200
Iumber of plants 2 Total 335,170 (Cropping intensity 69,533,200

Total capacity 3,750 cusecs - 121%)

/,verage static head 25 feet
Total horsepower 16,800 hp

This project is the subject of a preliminary
Grcvity Drainage Outlets sh, 6y based on limited information. Further

Unit i 5 study, when additional field data becomes
Unit ii 4 6vailable, will be required to confirm the eco-

nomic results of this preliminary investigation.
Construction Period 5 years
Development Period 10 years

205



FUTURE CROP PRODUCTION ANT REVNUE Engineering 15.328

Yie!d,Ak ThIu,- Prit/Md Totl Land and Rights of Way 14.236

,in P ti~n in Valu in General Administration 6.587
o;(Th:) '! s In ds Rs [is Interest during Construction 19.090

T, ,. m 175,iL5C 30 51) 269 fl0 12 63,234,000
... , 102 0, 1S2,00 12 2,160,000 Total Capital Cost Rs 157,426

& 151,410 2.0 3,528,,.00 12. '1.3.,A0

3 1,40 32 99:,06) 12 11,90.4,000S. ,m ~:re 5:. 13 60;3 3,324,000 2 6.6418,000 UntCspeAceR56

is 2: 0 18 2,. 920 24 10732,700 Unit Cost per Acre Rs 568
h : tV:; tbe 5,010 73.5 42.',5'30 10 .1.35,5[00

1 i,~0 145 1,674,750 9 15,072,700
0Il.4S 379?0 8 303,3 50 30 9,100,E00 B. Annual Cost
G:od Nuts 10.1 % 13.5 136.30 32 4.353,200

3,6wtU 10 36.0r0 10 360,000 Interest and amortization Rs 8.627
h5.,wo 4.140 15 62,!00 100 6,210,000 Operation and maintenance 3.933

- Spices 5.1,10 10 5 .00 60 3.561.000
!!A20 15 231,300 17 3,932,100 Replacement reserve 0.185
Ffic., 125 I.U 10)3 12,554,000 0.5 6,282,000

.:C0 20 3,000 114 60.1,00
3.20 100 623.000 0,5 414,000 Total Annual Cost Rs 12.745

Pot~tui 4,140 125 517,5C0 10 5,175,000

%w) 3,0U (Croppig inttnsity 197.610,800 Unit.Costlper'Acre Rs 460
240%)

C. Benefits (Full Development)

5TIiMAATES OF COSTS AND BSNEFITS
Annual Gross Rs 128.078

A. Cc ipihll Cos.s (Millions of Rupees) Annual Net Rs 64.039

Cons truclicn Benefit-Cost Ratio 5.0

PL':pirn fcacri- Rs 26.030
trriotio 'ciiiies28,250lrrict~o~ ~~c~m~ 28250 ACTION RECOMMENDED

FHcoJ protoctiun works 24.934

Drci!" me ir!orovenent 9.592 A feasibility report should be prepared soon.

Coniingoncies (15%) 13.329 Subject to the determination of the feasibility
report, engineering plans should be cornpleled

To'al Construction Cost Rs 102.185 in time for construction to start in 1968.
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APPENDIX C

CONSULTANTS TERMS OF REFERENCE



DEPARTMENT OF STATE
AGENCY FOR INTERNATIONAL DEVELOPMENT

WASHINGTON. D.C. 20523

July 28, 1975

Engineering Consultants, Inc.
1901 South Nevaho Street
Denver, Colorado 80223

Subject: Work Order No. 4 to

Contract No. AID/otr-C-1303

Gentlemen:

Enclosed is one (1) executed copy of subject document.

Two (2) certified true copies will be forwarded to you as soon as they
have been reproduced.

Sincerely yours,
" ' i

, . t. eld

Contracting Officer
Chief, OTR Branch
Centra Operations Division
Office of Contract Management

Enclosure: a/s

AUG 1 1&7,

Jou ,o .......
TO DATE

J, L

YAY

ASA.

S:: --

Ft: I . .. .



r ,) .. . .

* .. , AR'\HIiTET AN VD .'i" " i""J - MULTIPURPOSE WATER ReS('.4RCES _____

• :. ,. . ... '- -. a:.;. .--. " en e -ot rao - UZ- -,... . . .. .
° (! ' " ' . .. .' " '') jT \1 F ' irA" . . ..."' f'" - . . . ... , , . ..

wA.,, In.Lot, ,D~);. :U:cu.- . , ,, , .. ..... .. 13 . .. .. .A- ,Ocy Cor linerrzit ion i Devlopment . m
n inisr v Ofc1er . ... Engineering Consultants, Inc.

n 1901 South Nvaho streetCetaloo.Ieratons 1ivi'i.on Denver, ColoradON' 80223 AWi'!;h il L~t~ou, D.C. 20523

CoG~iZNT ~J1N~hP''CN 1A OFFICE NA\IL VOUCHE~RS-
Office of Agency for Inernational Development
AdministLrativc officer .Office of Engincering
R~oom 509 . Washinoton, D. C. 20523

cg v 0 Development ___ ____________w 2.11 'Lont) C, . 0u.5z

" LFCT''W [,A , -ESTI', ATED C0:N'PLETIONJ DATE
See Article. VII See Article VII

ACCOUNTING AND APPROPRIATION DA'E

l'.ORd, ,l,.R TiT,\L" $13.,000.00 PIO/T No.: 388-008-3-6001
OBLIGATED ..;X2T: $13,000.00 Appropriation No.: 72-11XI023

Allotment No.: 402-50-338-00-69-61

The Con1tractor shall perform all the services set forth in this Work Order.
~ W&k'O~I~if§ I u6~i tothe ~ii ~6' Reuire-ments Contract No. T

AID/otr-C-1303 . The entire contract between the parties hereto consists o':
(a) This %,,ork Order including the Cover Page) the Schedu1i and Additional V

Provisio:q; (if atny); and (b) Requirements Contract No. AID/otrC-1303.

UNITED STATES OF A,'ERICA1
AGENCY FOR. IITERN'ATI.C?:.1. DEVELOP :E:;T

BY/ - c'-__ ____

TYPED OR PRIIT/NAtME

L. E. Stanfield

TITLE Contracting Officer

DATE 2 5 JUL 1975

.... , a. ...--- a.. --.-,-:'.--,7 .... a a . ao



SCHEDULE

I. AID PROJECT TITLE

Architect and Engineering Services, Multipurpose Water Resources,
Kurigraim Flood Control and Irrigation Project, Evaluation of Feasibility
Study - Northern Unit

11. OBJECTIVE

The objective of this order is to evaluate the completeness of
the project feasibility study of the Kurigram Flood Control and
Irrigation Project prepared by the Bangla('esh firm, TCEL, as it relates
to the Northrrl Unit.

III. SCOPE 0F SERVICES

In acccm plishment of the above, the contractors water resource
engincer shill. review the preliminary draft of the feasibility study
prepared by TCEL, dated February 8, 1975, No. EGP/II, and shall
prepare a report which evaluates the feasibility study.

The evaluation will be made from information obtained by:

(I) Visiting Dacca and conferring with officials of USAID, the
Government of Bangladesh Water Development Board and iCEL, and others
as appronriate.

(2) E.amining the project area to assess physical conditions
on site.

(3) Reviewing in detail the portions of the repo.t which relate
to the Northern unit.

The review sIhall consider but not be limited to assessing:

(i) Adequ~icy of the surface and ground water supplies for the
al ter mate n rojc ct:;. In making this detenrmination, the contractor with

coacurrenc, of USAID niay call to service his ground water hydrologist.

(2) Idi:tification of the practical and physical probil:ms associated
wi2h each Cl I:Lmtive.

(3) Ad.(nquacy of engineering and gcological information.

(4) Ad.,quacy o[ agronomic and climatological data and appro-
priateness of its application to croppiing forecasts in the report.

(5) Adequacy of construction costs and project benefits.

(6) Adequacy of the economic analysis.



(7) Adequacy of report to meet requirements of international
I endin" ',eiCs -

If this review fails to produce a complete evaluation of the study,
Lhe Contractor sh l1l furnish reco.,iendat'.ons as to how the evaluation

nou d U :idert.. ken, with ps eronniel and time requirementS.

It th feasibility study is found to be critically deficient in
aly way, the contractor shall prepare a scope of work for services
neces;ary to correct the deficiency.

1V. M.PO .'TS

The final report shall be submitted in ten copies to USAID/Bangladesh

and tLt'. copti-s to the cognizant technical office.

V. REFM 1 S!PS AN) IISPONSI1BTITiES

For tl. o -ccc::,.i.s1l:ent of the consulting services to be performed in
2nlcdeah ue!r this work order, the Contractors team shall be respon-
siv to the Lechni.cl1 directions of the Government of Bangladesh,
;.:re" Jl..,,o :.'eat Bord. The AID liaison official will be the USAID/Bang-
ladesh Asi5,int birector for Capital Development.

Vi. 1O;T IT'""; SI 1'POR'T

USAT1)/Bar:dv:a1.ic shall supply in kind, or provide local currency
for the procur.'.,nt of, office space, office equipment, and trans-
portatio:,, in country.

VII. T.P'<>" OF PERF0 !"O 'ANCE

EffccLJve Date: August 1, 1975

Esti!::at.d Ce:npletion Datc: October 10, 1975

VIII. F7)T .MAT1<D LE'VE!, CF EFFORT

.'IE NO. MAN-DAYS FIXED DAILY RATE TOTAL
'"ater Resource Engineer 30 $239.41 $7,182.30

Groundwater Hydrologist 10 210.69 2106.90

TOTAL $9,289.20



1X. EST IM\TED COST

Total Fixed Rates $ 9,289.20

Total Other Direct Costs* 39710.80

TOTAL $13,000.00

Ceilin'.g AOlou:it $13,000.00

Includes provision for per diem international travel enroute, telephone
and Lulegraph, visas, report pieparation, medical examinations and
inocu lations, and out-of-pocket expenses.
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