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Dcecar Mr.Toner

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

The main conclusion reached is that although
the feasibility report is extensive, additional studies
need to be carried out before the North Unit can be
prudently internationally financed. A revision of the
feasibility report, followed by international lending
ageney appraisal, negotiations with the Bangladesh
Government on the scope and organization of the project,
and final design and construction, is an approach
which could be adopted, lowever, since time is clearly
the essence of agricultural development in Bangladesh,
we have not recommended this frequently adopted but
time consuming course of action. Rather, we have recom-
mended a minagement team approach in which USAID, the
Bangladesh Government and a fully qualified firm of
consultants work together, throughout the time required



to properly consider the several outstanding techni-
cal problems, to fully define the scope of the project,
establish mancagement systems, and reach agreement on
all major aspects of the project. Final design could
well start on sclected aspects of the project during
this same period once full 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 carliest possible start onr construction. 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
of trained personnel in design, contract administration,
supervision of construction, surveying, agricultural
extension, water management, operation and maintenance,
and other ficlds 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 very 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 (S
General Manager

cc: USAID Washington
Encls. 10 copies of review report
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CHAPTER 1

LNTRODUCTION

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 the 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 cousiderable



damage to crops and property, and frequently results
in considerable loss of life. It severely 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 3%% 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 & 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 an improved economic
climate and standard of i1ife. 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 hum: nitarianly solved.



The Kurigram Flood Control and Irrigation Project,
subsequently referred to as the Project, is in a
potentially highly fertile agricultural =z.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-
Jject 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 eliminatiomn

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 shbuld 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 Consultants 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.



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 intc 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 drainaée of
surplus runoff from certain parts of the 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 yields. 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 1964,

Following preparation of the 1969 feasibility
report, TECL were retained by EPWAPDA to revise
the report to include the following:- 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 opecrating the Project and individual tubewell
installations; personnel training requircments;
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 "Kurigram 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.



1.3

TERMS OF REFERENCE

The purpose of the review presented herein is to
generally evaluate tte 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.
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CHAPTER 2

CONCEPT OF PROJECT

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)



2.2 ALTERNATE PROJECT DEVELOPMENTS CONSIDERED

tubewell irrigation of entire North Unit;

gravity drrigation 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%
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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.



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,



Geology and Lithology

The primary geological features in the region
are the Himaiayas to the north, the Indian mass
of ancient rocks to the west and the Malaysia

- Burma fold arch to the east. Bangladesh 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

carthquakes.



The surface geology is described in various
puhlications as being predominantly "stream-bed,
meand2i'-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 been
described as "silt, sand and gravel deposits

at a slightly higher level than the adjacent

flood plain and low level terrace deposits'".

During the Consulfants' 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
considerapble 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



decrcases and the finer silts settle out from
suspension. 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
recomnended in the Report for the North Unit,

it is considered that extensive study of the
geology and lithology is not justified as sub-
surfaoce 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 station 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 not required. See Chapter 3.5.1.
The adequacy of the subsurface investigations for
determining the feasibility of grourdwater deve-
lopment in the North Unit is discussed in

Chapter 3.2.3.



N

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
poocr 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 bkridge to make it suitable for vehicular

traffic,

- ensure that radio or telephone communications
between Dacca and Kurigruam 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,



PROJECT ACCESS SITUATION

Road

Rail

Air

Water

National

Regional

South Unit

North Unit

Asian Highway, Calcutta to Dacca.

By single lane paved road Dacca -

Rangpur with a steamer ferry crossing
of the Brahmaputra (Sirajganj, Pabna
District-Sibalay, Dacca District) and

a powered ferry crossing of the Karatoya

(Raiganj, Pabna District).
hours downstream,

Time is 1
14 hours upstream.

Rangpur-Kaunia, kucha dirt road only
present. Reported unusable during
height of monsoon. New road under
construction,
Teesta-Kurigram -ditto-

Fari: to village roads are kucha dirt

and reported unusable during monsoon
season.

Village to market towns of Kurigram
and Lalmanirhat -ditto-

There is no road crossing of the

Teesta into the South Unit.

Single lane concrete road from
Bhogpanga (opp. Kurigram across the
Dharla.
+ N
Farm to village roads kucha dirt.
4

Village to market centres - ditto-

2

at

Broad gauge rail service
Calcutta to Jessore

Ballasted metre gauge rail
service Rangpur-Kaunia-
Teesta-Lalmanirhat. Lal-
manirhat is a large rail
depot.

Ballasted metre gauge
Teeste-Laimanirhat. Die-
sel driven trains used
on this lire,

Unballasted metre gauge
Teesta-Kurigram-Chilmari.
Galy light steam engines
use this line due to lack
of ballastiag.

Many international car-
riers (ly into Dacca
airport

Regular service from
Dacca to Thakurgaon, .
Dinajpur District.Thakur
gaon to Rangpur takes

4% hours by road.

nil

A disused con:rete paved
military airstrip, re-
ported to be 7,000 feet
long, is located about
3 miles from Lalmanirhat

Nil

Deep sea port facilities
are available at Chittagong
and Chalna. Shallow water
facilities available at
Dacca

Possibly powered barge
access from Dacca to
Project area (Chilmari?)
during early and late
monsoon periods.

A ferry operates across
the Teesta during low
flow season only

A country boat ferry
operates across Dharla
River when water depths
are adequate,




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 - 4,900 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,



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 areca.
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 4 miles wide. The sides of the
valley are between 1 and 3 miles from the
1952-5% dry weather channel. The Dudhkumar
River appcars 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



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 2% miles., In this feach, there are
several sand bars and some braiding. After
that, however, the river develops a highly
sinuous imeander 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 hydrographs 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



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 £t W 6,900 ft E
Sirajganj to Gabragaon 8,800 ft W 13,200 ft E
Gabragaon to 0l1ld Brahmaputra 24,300 ft W 11,300 ft W
0ld Brahmaputra to Teesta River 31,900 ft W 22,600 ft W
Above Teesta River 13,600 ft-W 10,100 ft W

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 Right Bank Left Bank

Chilmari at Teesta-Brahmaputra
Confluence

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

1952~1963 O 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 variability 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 downstrecam of the barrage. At high
stage, the diversion requirement will be only
about 14% 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 dmportant since a signilicant reduction 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 Tor 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 unlikely 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 acrial photographs and from various

reports, it would appear that the measures taken



have not been entirely successful. [Future
attempts to arrecst this erosion could signifi-
cantly affect stability of the river channel
and endanger the North Unit [lood embankment
along the left bank of the Dharla. Future town
protection 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 kncocw 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 Ly
India is a distinct possibility which will re-

quire careful checking.

Iff the full agricultural potential of Bangladesh
is to be cventually realized, the rivers in
Bangladesh must be contained within embankments.
This was pronosed in the Master Plan, and appecars
to be generally accepted by vorious authorities

as the most practical solution to the flooding
problem., Once the rivers are contained within
embankments, however, the behaviour of the rivers
will significantly change. Scour depth, river bed

profiles, meander amplitude and frequency, and the
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ferocity of the rivers' attack on embankments

as the river tries to readjust to, the imposecd ‘con-
straints will dincrease, Other phenomena such

as the build 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 he as each 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
llowever, the Consultints consider that progressive
construction of embankments without knowing what
the short, medium and long term effects will be

is imprudent. IFailure 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. 1t is further recommended that tnis
study be undertaken before too many containing
embankments arc 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

arca 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 Brahmaputre,
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.



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%

- 1literacy rate +20%

- population age distribution (1969)

0 -9 years 4o%
10-19 years 16%
20-39 years 27%
40-59 years 1%%
60+ years Lo,

Males and females are about equal in number,
Note that about 56% of the population was
under 20 years of age in 1969.



- average farm size North Unit 3.3 cultivated acres

South Unit 3.6 cultivated acres

2 brick factories

- industries in North Unit
- minor cottage
industries

in South Unit 1 brick factory

- minor cottage
industries

~ rail terminal at
Lalmanirhat

-~ township enterorises
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 JIV-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 catustrophic losses)
- annual rice income Tk65,00C, 000
- annual jute income Tk 10,000,000



4,6 maunds paddy

= 267 1lbs rice

rice yicld/person

consumption per person should be about

1 1b/day = 365 1lbs

Per person annual jute income = Tk 36

This buys about 60 1lbs 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 unnececssary to analyse
present conditions to a very finc degrec before
implementing the North Unit project. A bench-
mark socio-cconomic 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 pre-final design stage so
that should the international lending agencics
require more data before committing funds, it

could be prescnted without excessive delay.



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 there is good correlation between the



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
1k 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 Kurigrem station for the years

3 - 23



1946-49 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 18.0

These results are significantly different and

point up the differences in methodology.

It is considered that not only should the 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 fpr the Con-

sultants.
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3.2.1.2 Temperature, Humidity, Evaporation
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b

and Windspeed

The temperature, 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 twoc years only were used
in the Master Plan., Use of the full record
would result in more reliable empirical con=

sumptive use determinations.



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 Dudhkumar 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 01d Bahadurabad {Station 47L) from 1949

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. Brhadurabad is about 40-50
miles downstream from the North Unit. At the
south Unit, Chilmari {(Station 45.5), daily

water levels are available from 1657 t> date.

At the North Unit, Noonkhawa (Station 45),

daily water levels are available from 1957

to date. There are other stations close to

Bahadurabad.,



On the Dharla River at Kurigram, daily water
levels are available from 1946 to date, and
discharge records from 1964 to date. The

BWDB Hydrology Section questioned the relia-
bility of the discharge data because of the
Brahmaputra backwater effect, and alsoc 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 sclected for design of the Bahmaputra
embankment, and then combined with the¢ 100 year
Teesta water levels for design of the Teesta em-
bankment, the 50 year Dudhkumar water levels for
design of the Dudhkumar embankment, and the 100
yYear Dharla water levels for design of the Dharla
embankment. The period of record at ecach of the

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

Brahmaputra Noonkhawa Bahadurabad
Brahmaputra Chilmari Bahadurabad
Brahmaputra Kamar jani 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 400,000 cusecs. This discharge and the
Teesta drainage area were then substituted into
the following equation to determine the fTactor

K for the Teesta basin.
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flow in cfls

where: Q
K = factor based on watershed

characteristics

A = drainage arca 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 254,000 cusccs was
determined. 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 254,000 is secriously question-
ecd. An alternate approach could have been studied.
Simultencous periods of record on the Teesta and
Dharla rivers could have been correlated and the
rcecords for the Dharla River at Kurigram anda
Taluksimulbari extended. Frequency analysces could
then have been carried out on these cxtended
records to give a flood flow value at the frequency

selected.

In the absence of there being long term records,
empirical formulac, cnvelope curves for similar
watersheds, frequency abalyses cven though ques-
tionable, snd other "order of magnitude" methods
have to be employed and the results comparced.

For a major structure such as the Dharla barrage,



a hydrometcorological study to determine the
probable maximum precipitation over the basin
and hence the absolute maximum possible river
discharge should be considered depending on the
adecquacy of other data. These various results
should then be tempered with sound judgement
bearing in mind the possiblce damage which could
result from overtopped embankments, deliberate
breaching of the embankments at pre-sclected
locations just prior to overtopping, and so on,

and the design flow selected.

In the determination of the Dharla barrage
discharge, the Dharla and Tecesta rivers were
considered as having the same watcrshed charac-
teristics., Due to the fact that the Teesta
rises decper in the Himalayas than the Dharla,

this is questioned.

The Dudhkumar (low records used in the Report

were for the period 1961-64 and 1967-70. During
this period the peak flow was 216,000 cusccs and
the minimum was 2,190 cuseccs. The maximum dry
season diversion requirement was given as 1_’7,816
acre tecet over 15 days in Table II1-17 of Volume I,
that is, approximately 934 cusecs. The safety
marcin appears adequate, except that the diversion
requirements arce questioned by the Consultants

in Chapter 3.2.0 and 5.2.5, and the full set of
records appears not to have been studied lor
preparation of the Report. Ll diversion requirce-
ments are Cirmed up and a river discharge requency
analysces carried out, the chance of the dry weather

flow being inadequate to supply requircments
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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 progject
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.



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 35,000 tubewells will be installed through-
out the country. Twenty of these wells are
programmed for the North Uait 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 Procject 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-



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 nurber of these wells in the North Unit is
not clear. Plate III-4 in Volume I of the
Report shows only one well in the North Unit,
whereas the large scale Plate III-4 in Volume
ITI of the Report shows four in the North Unit
for the 1968 observations and two for the 1973

observations,



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
84,000 to 310,000 gallons/day/foot and capaci-
ties of 42 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 III-15 and III-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 - 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 tl.2 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 delayed gravity drainage effects and an
evaluation of recharge characteristics if the steady
state is reached. Two observation 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



1968 observations, 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 3.2.4, 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 inadeyuate 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 abowve 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 decp. 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.



3.2.4‘

Crop Water Requirements

Determination of the consumptive use of water
for the crops to be grown in a project arca
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 (ET1)

ET

"

=
o
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In the above formula , K is gecnerally referred to
as the crop factor, or consumptive use coeffi-
cient, ETlvaries throughout the year according
to mecteorological conditions, and K varies with
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 Southecast
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 (ETI)
were calulated on a country-wide basis using
mctcorological 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
(Overscas) as former gencral consultants to EPWAPDA,
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, presumably bascd 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 appcar somewhat conservative.

From Figure 3-4 hcrcin(l), the crop consumptive

use ffigures appcar 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" = 176 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:cal data is available than was used in
the Report. This should be utilized and the eva-
poration index figures up-dated. Comparison between
predicted cvapo-transpiration valucs with observed
values [{rom various rescarch stations in Bangladesh
would be of value in determining the wvalidity of

the predictions.
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2.5

Diversion Reqguirements

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 moisturec, 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. Rccent
developments in rice cultivation also make use

of available soil moisture. However, at the
present stige of Project development, the assump-
tion of zcro available soil moisture, as made

in the Report, is considered correcct.

The Report utilizes the data in the Master Plan
to determine ceffective rainfall. The rainfall
for the 90 percent dry month, that is, the rain-
fall which is cqualed or excecded 90 percent of
the time, was used to determinc the dependable
cffective rainfall. All of this 90 percent dry
month rainfall was then considered ceffective
for supplying decep percolation and cvapo-
transpiration requirements, In any irrigation
system, there is a delay in shutting off sup-
plies carly enough to be able to utilize all

rainfall for crop production. If a fiecld



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 opecrated 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 Bar.. fadesh
based on six ycars 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



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, 4.5
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 oonsidered are as

follows:

farm losses - deep percolation
- surface runoff due
to farmers' in-
efficient use of

water

3 - I 4



- lateral seepage
- other farm

inefficiences

conveyance losses - secpage through

canal banks

- evaporation from
surface of canal
water

- evapo-transpiration
from canal bank
vegetation

-~ operational

inefficiences

For ponded rice fields, decep 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 ma jor

s0il associations is the North Unit should be

made, thus eliminating the nced 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 details of the sub-strata, mcteorological
conditions, crop stage etc. could provide useful
data for assessing this loss. These fiecld determi-
nations would also serve as one guide towards
establishing water management techniques, that is,
continuous irrigation versus rotational irrigation.
For the soils in the North Unit, decep percolation

could readily account for 2-3 mm/day in the dry scason



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.,

Secpage through canal banks can be fairly

readily assessed from published data depending

on the embankment type, height of full supply
level above groundwater, etc., Lvaporation

from canal water surfaces, and evapo-transpiration
from canal bank vegetation arc minor losses and
can be fairly accurately asscssed. Operational

inefficicences can be estimated.

All lossecs are grouped together in the Report.,
Project efficiency for the surface irrigation
water suapply 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
scheme., The 50 percent figure is reported based on
a 6h4.5% farm cofficiency and a 77.5% conveyance
efficiency. Note that the farm efficiency in-
cludes deep percolation. These efficiencies are
considered too high for the degree of water
management likely to be attainable during the
carly 1lifc of the Project, the unlined high
level main canals, and the inclusion of deep

precolation.
IFollowing determination of pecak diversion re-

quirements basced on the cvapo-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 rcasonably
available data, and probably results in an
underestimation of recquirements. 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 surnlus drainage water from cach 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 pumps are of 200 cusec rated capacity,
although pumping hcads vory 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 reccords (1946-49, 1961-67) from the
Kurigram Station, for maximum short period
rainfalls of 1, 3, 5,10 and 15 day duration .
The 15 day, 10 ycar 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. Distribution of the rainfall over
the basin arca 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 over the area
was 0.8 times the rainfall intensity at the

centre of the storm.



It was assumed that 70 percent of the basin area
would be in paddy and 30 percent in upland crops,
and various assumptions were made as to retention,
infiltration and evapo-transpiration in determining
overland storm flow to the main drains. 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 yecars old.

- verify the design storm sclection. 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 arca of inundation
related to ability of crops, houses, roads,
etc. to withstand 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, ctc.

- standardize on pumps as much as possible
when deciding on installed capacity, etc.,
considering the sacrifice in efficiency
on the onc hand and interchangeability of

parts on the other.

- Carefully review cconomics of sluice vs.
pump drainage. The Report states that 20
percent of the land will be flooded once
in 10 years. Lesscer flooding will obviously
occur more frequently. Consider possibility

of' interconneccting drainage courses.

Drainage routings and selection of pumping
capacitics werc based on the synthetic inflow
hydrograph. These were not thoroughly reviewed
as they depend on the validity of the inflow
hydrograph, but the procedures appearcd to be

standard.



5.3 AGRICULTURE AND TRRIGATION

3.35.1 Present Land Use

Proper asscssment of present agricultural and
socio-cconomic conditions in an area being
considered for development is clecarly an im-

portant part of any feasibility study.

From preparation of the 1969 Feasibility Report,
19 villages in the North Unit were scleccted at
random and approximately 3,000 farmers were
interviewed to ascertain the present land use,
cultural practices, socio-cconomic conditions
octc. According to the Report, the surveyed
arca represented about 8 percent of the gross
Project arca, and all major soil associations,
arcas 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 carly 1973 and mid 1974, during the updating

of the 1969 FFeasibility Report, the original data
was revised by field interview tcams. The report
concludes that the 1967 data is essentially valid.
It appecars that the scnior staff of TECL are

very familiar with the areca 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:



PRESENT LAND USE - NORTH UNIT

Area in Percent of

Use Acres Gross Area
Cultivatced Areas 77,170 7h .56
Fruits h,813 4,65
Pasturce and Fallow 1,004 0.97
Homestcads and Ponds 8,652 8,356
Other Use 4,771 4,61
Farm, Markets, Schools, ctc._ 7,090 6.86
105,500 100.00

The prescent cropping intensity for the North
Unit is given as 1,52, PEroadcast aus was found
to be the principal cercal crop in the North
Unit and occupicd some 65 percent of the total
cultivated arca. It was estimated that 45 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 considered that with minor checking, the
data in the Report will provide a satisfactory

base from which to determine Project benefits,
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Present Use of Irrigation

It is stated in the Report that irrigation
facilitiecs are ncarly non-existent in the North
Unit and that the arca should be considered as

a rainfed arca. Some abandoncd 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 lcarned that low-1lift 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-1ift pumps were working. Whether
or not thesc utilized the small irrigation canals
noted is not known. Study,with respcct to the
failure or success of thesc 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 appearcd to be essentially fully cropped
with cither jute or T. aman. Some ficlds were
short of water and the majority of fields were
inadequately fertilized. Manual irrigation methods
woere not scen to be in extensive use, but un-
doubtedly these methods are used adjacent to

beels during the carly aus and late T. aman

Seison.,

The information in the Report on present irriga-

tion practices is considered adequate.
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Soil Survey and Land Classification

It appears to the Consultants that much of the
information presented in the Report is from the
Reconnaissance Soil Survey of Last Pakistan,.

This survey is of reconnaissance level only.,

The office and iceld work undertaken specially

for the Report was acrial photograph interpreta-
tion, ricld traverses, licld examination of pro-
file pits and auger holes, and field and laboratory
analyses of master samples, BEleven soil serics
were identified in the Project arca (Bonarpara,
Gangachara ctce.), and were then grouped into four-
teen soil associations basced on geomorphological
features (Palashban-Banapara association ctc.).
The fourtceen soil association boundaries were
plotted on Plate V-1 of the Report as the Soil
Map. The master samples, celeven in all, were
taken to represent cach of the soil sceries. The
sample pit dug Ffor cach master sample varied from
25 inches to 57 inches and mechanical and chemical
analyses werce performed on cach major horizon in
the pit. A total of 55 samples from these pits

were chemically analysed for some of the following:

- pl

- Organic carbon content
- Total nitrogen percent

- Available potassium

- Availablce phosphorus

- Total soluble salts

- Bicarbonate

- Cation exchange capacity

- Elcetrical conductivity
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Twenty scven of the samples were analysed for

all of the above propertics.

Fiftcen samples were taken from six of the series
and tested for mechanical properties including
hydraulic conductivity, moisture content and

acration.

A land capability map was also prepared, Plate V-2
in the Report. For this map, the soil associations
were grouped into a total of six classiflications
ranging Lrom "predominantly good agricultural land"
to "mainly modcerate agricultural land with some
good and poor agricultural land". Although the
scparation of the land capability classifications
into various sub-classcs depending on limitations
due to drought (d), limitations duc to relief (r)
and limitations duce to flooding (w) is discussed in
the Report, thesc sub-classes were not plotted up

in the Report.

Each so1l scrics was classified for crop suitabi-
lity, before and after project, on a 1 to 4 rating.
The rating for cach of the crops is given in

Table V-5 of the Report,

In summary, the Report presents a soil map (Plate
V-1) giving general outlines of cleven soil series

associations: a land capability map giving general

outlines ot good, mediam and poor agricultural
landy; o tabular classification of cach soil serics
as to its prescent and tuture suitability for par-
ticinlar crops, and a =small number of chemical and

physical test results,  From the data given, there
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is no way to classify particular arcas of land
according to their capability to support rice or

other crops,.

The number of auger holes taken range from about
1 to 8 per squarc mile (say 2 per sq.km.). One
test pit was taken for each typical soil series.
Onc soil sample was tested for about cvery
squarce miles. The auger work could be considered
adequate for feasibility studices, 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 clecarcer delineation of the various

classes of land,

The laboratory data presented in the Report

indicates the following gencral soil properties:-

somewhat acid soils with expected lesser
acidity at the deeper horizons (if the

samples were taken during the dry scason,

this acidity could be expected to reduce

with long submergence); low organic carbon
content indicating a low nitrogen supplying
ability for plant use over periods of time
moderately available plant nutrients (potassium
and phosphorous); salinity problems unlikely
(pi< 7, EC< 2); rcasonably inherent fertility
(CEC generally >5); and highly variable
hydraulic conductivities ranging Crom rapid to
extra slow, It should be noted that only 27

samples from 5 of the 11 series were tested



Tfor all chemical propertics listed earlicer
and only 15 samples from 6 scrics were toest-
ed for mechanical properties. These general
propertics may therefore not be applicable

to the whole 74,000 acres in the North Unit.

The Report concludes that good to moderate agri-
cultural land covers most of the project area,
and poor lLand very little of the area. This

general assessnient would appear to be correct.

For optimum design of an irrigation system, it

is necessary to delincate and classifly arcas as
to their suitability for certain crop production,
delincate arcas which require levelling to improve
their classification, delincate arcas which neced
drainage improvements and their effect on the
classification, and so on. This information is
also required for later optimum management of the
project, that is, c¢stablishing the amounts and
timing of water applications, planning the addi-
tion of nutrients, planning improverients such as
Land consolidation, cstablishing optimum cropping
patterns and rotations, and tceaching sound agri-
cultural practices. PFurther, the problem of acra-
tion and re-texturing ot soris for upland crop
cultivation immediately following paddy rice cul-
tivation, and the problem of waterlogging lands
growing dry foot crops when paddy crops are grown
on inmediately adjacent lands, are matters for
which accurate sotl surveys, land classification
maps and land drainage maps arce required. It is,

thercerore, reccommended that a detailed land classi-



fication and drainage study be initiated as
carly in the pre-tinal design stage as may be
prudent. Lt is recommended that classification
be on a dual systcem, once classifiication for
rice, onc for upland crops. The results should
be presented in report tform and summariged as

a practical soils management guide for operation

and improvement of the project.

Since time is the essence of developing the
North Unit, the study could be phased to initial-
Ly provide suatrticient detail for basic design
and construction, and then Lo later provide the
detail required for optimum management,  Field
and Labordatory work capabilitics would have to
be studiced to determine how rapidly these phases
could be accomplished., The following table

gives an rdea of reasonable production rates and

sample densities.

i
1

\%11
[oe]



LAND CLASSIFICATLON STANDARDS

(As Adopted by RID, Thailand)
Octoher 1975
Field Work Laboratory
Grade of Production Mager Samples™?
Study Ratoe . Borings Test Pits Tested Remarks
Sq km/mo/crew No/=q km No/sq km
Reconnai~s- 220 0.25 1 or 2 per 0.5
sance major class
Semi - 55 2 to 4 1 or 2 per 5 Feasibility
detallaoed major class grade
Detailced 11 8 to 10 1 per =g km 10 Final manage -
ment gradeoe.
'JJ*_\' io com-
Plete before
final design
* 1 crew = 1 Land classiflicr, 2 helpers, 1 driver,
maybe 2 labourers
** 1 auger holce or pit would contain say 4 to 8§ samples
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Need for Irrigation

The climate in the area can be broken into

three seasons:

- March through May, warm scason
- June through mid-October, monsoon scason

- October through February, cool scason

Mcan daily temperatures vary from about 64°F in
January to about 85°F in August. Maximum and
minimum temperatures recorded in the Project area
are about 107°F and 39°F. Temperatures are high
cnough to allow year round crop cultivation, but
unfortunately 75 percent of the annual rainfall

of about 86 inches falls in the monsoon scason.
Even during the monsoon season, tcemporary droughts
of two to three weeks cause moisture stress to

the aus, T. aman, and jute crops.

With a dependable supply of drrigation 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 cconomics are expected, every indication
is that irrigation alone (without a flood cmbank-
ment if that is technically feasibility) will
yield considerable increascs in foodgrain produc-

tion and benefits to the farmer.



Cropping Patterns and Crop Yiclds

Sclection of a proposed cropping pattern for the
Project and estimation of the crop yields under
improved conditions is of major importance in
determining the cconomic viability of the Project,
and the benefit of the Project to the farmer. In
addition, the selected cropping patterns have a
strong influcence on water requircments for the

Projecct,

In planning the future cropping patterns and crop
calendars for the North Unit, the main objecctive
appecars to have been to intensify and diversify

the present cropping pattern and optimizce benefits.
This has resulted in the adoption of a highly com-
plex cropping pattern and crop calendar. If this
can be achicved 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 c(rop calendar with detailed con-
sideration of minor upland crops, has limited

value in determining feasibility. Wide crop diver-
sification and the patterns of minor crop distri-
butions are dependent upon the individual prefercence
off the farmers involved and will in all probability
vary f(rom yecar to yecar bascd on availability of

labour, animal power, seasonal peculiaritices, ctc.
Twenty five different rotations on single, double

and triple cropped land are proposced in the Report,

The Consultants feels that this pattern should be
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simplificd and made movre in line with what can
be reasonably expected as the result of normal
well plammed and onthusinsstic extension cffort.
Upland crops vary little in evapo-trans-
piration requircements and could thercelore

be grouped together. This approach would
simplify all analyses basced on the future crops,
such as water requircunents, input requirements,
costs ol production, benefits to the farmer and

feasibility of the Project.

The farmers in the arca arc apparently able to
utilize their land morce ceffcectively than the
average farmer in Bangladesh ceven though irriga-
tion water is not available except from small
water-courses within the arca. Current cropping
intensity is given as 1.52 against the national
average of 1,50, As far as can be determined
from the Report, the present 1.52 crop-

ping intensity figurce does not include any
correction [or major annual flooding and loss

of cropped arca.

Crop yields are low, The arca is remote from
the sources of input supplies, and access to the
arca is poor. The use of IYVs of rice appears
to be minimal, and was renorted to be due to

poor c¢xpoericnces with Low grade sceds, lack of
fertilizers, and the vagarics of the water sup-
ply. It is understood that farmer resistance to
change and improvement is low,and given good
sceds, tertilizers and a dependable water sup-

ply, IIYVs of ricce will Le cultivated in a con-
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siderable portion of the area, if the extension

work is enthusiastically undertaken.

The present cropping pattern is characterized by
the fact that 45 percent of the cultivated area
is single cropped, only 52 percent double cropped,
and nil triple cropped. These arcas break down

as Tollows:

PRESENT CROPPING PATTERN

Single Crop

Areca (in acres)

Rice: B aus 20,908
T aman 11,230
Boro nil
Other Crops: Jute 4,459
Kharif pulses 281
vagetables 250
chilli 140
kaon 114
sugarcane 102
Rabi s. potato 4s

Double Crop

Rice: 3 aus 29,560
T aman 52,813
Boro nil
Other Crops: Jute 10,319
Kharif wheoeat 58
harley 29
mustard 5,156
onion and garlic 163
tobacco 163
potato 579
pulsces h56
Kaon 55
Rabi S. potato ho
chilli 248
vegetables 172



Sunmmary

Arca . Yield
(acres) (maunds)
Rice:
B aus 50,468 12
T aman 44,096 15
Boro Nil Nil
Other Crops:
Jute 14,778 15
Kharif mustard 5,156 5
other 2,412 various
Rabi ___hos various
117,375
117,375  _ D it o 4 : .
57,000 ° 1.52 cropping intensity

The above figures arc thosc given in the Report.
The B aus yiclds are usual, but the T aman yields
arc low. Farmers in onc village quoted 2% maunds/

acre. Thesce figures should be double checked.

The projected cropping pattern utilizes all

HYVs of rice in the aus, aman and boro crops.
The principal projectoed crops and their arcas
arc as rollows. Note that only 74,000 acres are
taken as the cultivated arca and not the 77,100
at present cultivated., Some cultivation outside

the embankments will obvicusly continuce.



PROJECTED CROPPING PATTERN

Arca (acres) Yield (maunds)
Rice:
T aus (Chandina) 7,000 50
T aman (Irri.) 47,250 Lo
T aman (DA-31) 6,500 2
Boro (Irri.) 13,750 50
Other Crops:
Jute 15,000 23
Kharif mustard 5,000 12
fodder 16,750 120
other 22,000 various
Rabi fodder 25,000 100
other 2,750 various

201,000

201,000

—_— = 2] ~ S Tntensd
=1, 000 = 2.7 cropping intensity

The projected cropping intensity is clearly high,
but it should be noted that the present cropping
pattern given in the Report includes no fodder
crop, whereas the projected cropping pattern in-
cludes 41,750 acres of (odder. As shown in Table
VII-21A of Volume [ of the Report, this extensive
fodder crop contributes little to the cconomic
feasibility of the Project. Without the fodder
crop, the cropping intensity is 159,250 = 74,000

= 2,15, which is considcered ultimately achievable.

Analyvsis of the present and futurce patterns in-

dicates the following salient points.



INCREASES

IN YTELDS

Pre=cent

Futwure

Netl
Crop Yol Total Yioeld Tot=azl Tcectal Yiceld
Arca (maunds/ Yiold Aroea (mannds/ Yield Increasce
(acroes) acro) Canunds) (acroes) acre (muuuds)l {(maunds)
Rico:
Aus 50,500 12 GOG,000 7,000 50 2,350,000 1,745,000
Aman i, 000 15 66O, 000 54,000 Lo 2,160,000 1,554,000
Boro Nil - - 11, 000 50 700,000 700,000
Other Crops:
Jute 15,000 15 225,000 15,000 25 545 , 000 120,000

Khari €

Rabi

10,000

500

27,000

5,000




The following genceral commients on the futurec
cropping pattern are basced on discussions with

various officials in Rurigram.

-  The prescent North Unit population could
consume the total yicld from ahbout 7,500
acres of wheat (2 scers of wheat tlour/

month/pcerson) .

- PFarmcrs in the Project area are currently
selling jute to wmiddlemen at about Tk70/maund,
At a maximum yicld of say 25 maunds/acre jute
is unlikely to displace YV rice unless the
Government introduces heavy subsidies or
world market prices change considerably.,

Jute would replace the aus crop.

-  Sugarcanc is net grown in quantity in the arca
largely due to the problem of access to a
sugar mill, The clo=est mill ©Ls at Lolmanirhat,
Current prices are about Tk 10/maund at the
collection point., Yields arce about 100 maunds/
acre., If acce=s= were to he improved, sugarcane
production could well compeve with rice, par-
Licularly oirce the arca i1= sclt suflicient in
rice, and since with improved agricultural

practices the yviceld courld probably be increasced

from 2 (o 2.5 times over say 10 years.,



Alternative cropping patterns should bhe deve-
loped based on providing supplemental irrigation
during the aus and aman crop, and using minimum
irrigation water during the dry scason. ‘The
North Unit teasibility must be tested ffor such
a pattern as it may boe forced on the Project

il India diverts sienificant quantitics of water

Crom the Dudhkumar River during the winter months.

In preparing any of the cropping patterns and
crop calendars, peaks in labour and water roquire-

ments should be avoided,

With an assurcd water sapply, flood control,
improved water and Carm amanagement, all re-
quired inputs, usc of guaranteed HYV scoeds,
and a sienificantly betler extension service,
the above projected vicelds are attainable.

It will take, however, probably 5 to 10 years
after provision of irrigation water to achicve

them.
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Avricultural Inputs

During the ZTonsaltants' ficeld visit to the
North Unit, the usc of inorganic fertilivzer was
seen to bhe olmost nil, In discu=ssion with
officials in Thakureoon, Kurizram and Rangpur,
the diavdeqguacey of tintely Perciliver supplies,
and th poor di=tribution of any supplices made
avaitable to the District were repeatedly put
forwvard as a severe restraint to improving crop

yields,

At the time of the Consnltants' field visit, the
svstem used for distributing fertilizers was

understood to be as follows:

- Preparation ol o fertidizer indent by the
ZADC Sub-Division otficce.

- Submittal of indent to BADC Dacca for approval
and alblocation of approved amount,

- Transfcer ol approved amount to BabDC Sub-
Division roacen (=:opraze =paca not & problem),

- Treom=rer to BADC Thana sodowns using local
transport contractor arranged by BADIC
(storace SHAace got oo ;)x'nl;lv:n)a

- Thana Commiittece allot= their supply to the
variou= Unions= ba-cd on o List of descorving
farmers prepared by the Pnbon Commitrceue.,

- Local dealer= trow cach inion purchase rom
the Thana vodown to scil to the faraers on

the list (storare not a probiem).
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This rationing svstem was appareatly established
due to the criticall shortace of fertilizer in the
country, Lt wits o comblex =vstem antl one which
was expected Lo be changed wvhen fertilizer sup-
plics boecame more readily available,  The prepa-
ration ot a list of descerving rarmers Ly the
Union Committee was criticized by the various

offficials.,

During preparation of this report, the fertilizer
distribution systcem was pinrtially de-controlled
Lo make it casicr for the =s=mall Larmer to buy
fertilizer at thoe Government subsidized prices,
The new s=vstem will also help to reduce black
marketecerins with 1its adverse coi'fttects on the
spall farmers' debt sitnation and foodgrain pro-
duction in vencral.  The prescat "open sale"
distribution systen i~ nndersitood to be e=scn-
tially as befove nuntil the oruvilizer reaches

the Thana Acricualture Bevelopmoent Committlee
codown, From that point, the Fertilizer is dise-
tributed to approved retailers according to an
allocation li=t prepoared by the Thana Agriculcuare
Development Committee.  The Larmers then buy f{rom

whichever retaidler they choosc,

The supply and distribotion of fertilizers nuast
clearly be improved if the yiclds forecast in the
Report arce to be achieved, ‘The fertilizer indus-
try as a whole is recediving alttention and the
availability of adeguate quantitics= ol tertilizers
Lto the farmers at controlled prices shonld naprove.

There arce 200 ton godowns at Kurigram, Phulbari
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and Nageswari, and plans arc laid to construct
a 2,000 ton godown at Kurigram and a 400 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.

5.3.6.2 Sceds

The farmers in the North Unit have been dis-
couraged from using HYVs of rice by occasional
total crop failures and poor yields. This

was rceported to be due to the supply of poor
scecd, in turn due to inadequate procedures for
developing breeder, registered and certified

sceds by BADC,

Recent changes in these latter procedures,
whereby the Ministry of Agriculturce is to be
responsible for the certification of scoeds, and
the BADC (now Bangladesh Agricultural Input
Supplics and Scrvices Corporation) responsible
only for multiplication, should improve the
quality of sced available to the farmer. The
current 1IBRD Cercal Sceds Program is designed
to ensure an adequate supply of quality scods
to the .armers. The present unsatisfactory
situation shoul.d have improved by the time the
North Unit is being developed and should not

be a restraint on development,



The avesd bility ol pesticides and their
applicacion does not appear to be critical,
at the present time, to incrcasing crop

vields.,

It is understood that the Union Agricultural
Department (Ministry ol Agriculture) arranges
for required proteciion through Lhe Plant Pro-
tection branch of the Asriculture PDepartment,
In thoe past, the pesticide~ have been provided
frecy but now have to be purchasced by the
Farmer . LExtension offort in plant protection
is reporiced to be operating satisfactorily

in the arcea,.

The Report advises that credit in the arca
is severoely restricted, but this view appears
to be basod on cen=us data dated 1961 and
disburscuents o0 credit throuch the Auri-
cultiral Bank of Bangtadesh durdinge 1970-71.
Oft'icials in Kurigroam advised that credit
was o no problem, that most ol the ffarmers

had title deeds to their laads and could

1
~1
t



obtain credit at 9 percent through the
Agricultural Bank or other banks. One
cgcroup of about 10 farmers living in an
arca adjacent to the Brahmapnira, witch no
dependable water supply, sutferine from
loss of land to the river, and obviously
with a Low standard of Living, adviced that
thiey could buy fertilizer, if it was made

available, {rom their own resources.

An o accurate assessment ot the credit situa-
tion could not be made within the time
available, and cont'licting opinions as to
the adequacy of the present arrangements

were voicoed by various groups.

Regardless of whether or ntot the current
availability of credit is adequate for the
present agricultural conditions, urder

an accelerated agriculture program the
need for credit will almost certainly ex-
ceed the present supply., Steps shonld
thercetore be taken, during the pre-final
design stage, to review the current and
future credil sunply arrangements in detail),
and to ostablish a croeait supply system
under which credit can be obtained by the
Farmers at reasonable raves, with minimun
documentation and delay, and inn the auounts
which will be required, PFPailure to provide

this credit will =everly restrict development.



3.3.6.5 Marketing

Underr 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 countryv 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. Kurigram 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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The abscnce of pgood access within auwd without
the North Unit would be a scoverce restraint to
achiaving the forecast agricultural develop-
ment.,

5.5.0.0 Manpower

The Project arca has an abundance of unader-
cmployed manpower. Some 50 percent of the
population in under 20 yecars of age and the
population i= growing at over 35 percenl per
annum, The availability o Labour will not
be a constraint to completion of the engineer-

ing works or to intensive agriculture. The lack

of skilled labour for con=struction may be a problecua.

53.3.0.7 Agricultural LExtension and Institutions

Extension

Agricultural extension work 1is at present carriced
out by HBADC, BWDDB, the Ministry of Agriculture and
others., Recent chanees in the organization of the
Ministry of Agriculture have =eperated the agri-
cultural input side (BADC) £rom  the rescarch and
cevelopment side.  The BADC participation in ex-
ten=sion =should decline in the future and theidir
ditrect involvement in extension on the Project
should be nil. Even if BWDB initially act as lead
agency on the Project, the extension work should
clearly be carricd oul by the IExtension Lepart-

ment of the Ministry.,



An efficient agricultural extoension program is
clearly vcquired for the North Unitl project.
ft is recommended that during the pre-{inal

design stage, the existing and proposcd oex-
tension ovrganitzation and bHrograms De Cilre-—
fully reviewed and that an acericultural exten-
sion developmoent program ffor the North Unit

be includead in the scope ot the Project.  The
programn should be inteurated with other train-
ing programs alijeady initiated anag should
covuer planning ana orcanization of the exten-
sion s=crvicoe, training o pers=scancel in
extension work, sclecuvicn of oextension topics,
development off curricula,extension strategies
and methods, preparacion of extension and
training aids, and cevaluation of the extension

scrvice poerformance and the crfficiency of the

methods employaod.

Coopuoratives

At the presenv time, the fformation off agricul-
tural Cooperatives comes under the Intergrated
Rural Development Progrom of the Ministry of
Cooperatives and Rural Development, These coopera-
Lives are not contributing vreanly to agricultural
development in anciadesh, 'his could be because
unt il the basic proleas of dependable irrigation,
freedom from flooaing, provision of adequate
supplics ol inorganic fervilivers, and supply of
certiflicd sceds arce solved, the Porming popula-
tion sces no real advantave in cooperative

action.



The development of cooperatives in the North Unit
is not considered a priority undertaking, but plans
should he laitd during the pre-ffinal design stagzoe
for handling this problem ot some allotted time
in the futurec., The North tnit is o single
irrigation unit, and cventually one munlti-purposc
cooperative conld be formed to cover the arca
with as many branch offfices as may be neceded. 1T
the arca dis to bhe intensively culitivated, a multa-
purpose cooperative o a similar organization,
supplyving all the basic necds of the farmers

such as oxtension advice, sceds, fertilizer,
credit and implements will be of consideraule

help.

Irrigation Associnlions

Similarly, the question ol =ystem operation and

maintenonce and the po=sibility of working towards
an irrigation association which can handle a part
ol thi= =hould be considered, Again, this is not
an dimmediate problem as BYDD will have to operate
and maintain the =syvstem tor some years allter pro-
ject complevion, bt the neers of the water showuld
be organizoed towards accepting an increasing =share
of maintaining a portion of the drrigation systoem
and all ot the cabanknent durane the implementa-

Lion period.  The manner an o which to achicve this
should be considered during the pre-final design

staze and plans faid at that time. It would scoem



logical to wvso ciae Union and Thana bounda-
ries as sub- units for cooperative and irrigo-
tion association development, [llowever, thesc
boundaries will not coincide with the logical
irricgation association boundaries and some

compromis=sc will be necessary.

Integration of Agricultural Services

1t is recomaended that current national policics
covering multipurpose cooperatives, irrigation
associations, operation and maintenoence procedures,
cost recovery, and project ownership be studiced
and reviewed witlh the Government during the pro-
final desien stage to determine what reforus or
aaditional =tudics should be vwndéertaken during
project implementation,  Appropriated policices
will become incrceasinely ifwportant as the national
accelerated acricul tire program progresses, and it
mav be adyvisable to use the North bnit as a pilot

project tor any new or modified approaches,

Aepricun! tural Pesearch

When =cetting up tie North Unit project organiza-
tion., provisions st be made for tran=smitting

the re=ult~ of appropriante rescarch programs Lo
the extension workers i the Noicth Pnit.

5.7.0.8  Storage Facilities

Storage facilitics at present are reoported to be

adequate.,  The quality of the storage facilitioes



could undoabtedly bhe dmproved, but =uch itmprove-
ments as mnay be necessary should present oo pro-

blem under guidance from the extension workers,

3.5.7 Livestock and Poultiry

These items arce of minor importance to the feasi-

bility of the North Unit.

The prescut livestock situation appears to be
that many of the drar't animals have been lost
duce to floods. while purchisze and breeding of
draft animals (and the brocding of poulrty) will
probably ti ke care ot itsclt” =shortly at'ter the

crop vicld= begin to improve, the quality of the

available animals must receive planned avteption,

With intensive year romud azriculouaral development,

the iuput required from animal Pabous is woing to
increas=c. The draft animals must be bred and
nourished to be able Lo work long hours for days
on o drring the ltaad preparation staze, if land
preparation time {(rallow land time) is to be
minimizced., At the present time, the available

draft animals are in very poor condition,
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Pilot Arcas

The terms oy

refierence for preparation off the

Report called vor prunos=als ror the development

ol pilot
woells,

pilot ar
Soutn,

Lhat gt
arsas in
shighuly
nit, an
The reoeas
areas s
above no
sinilar

a groeate

Hoth arcas

creas using the proposcd test tuboe-

Tho

v,

Reporu praposces 1Mive 150 Lo 170 acre

two din the Noproh and three in the

Ne Sive Was prestnas by selectod =0
could be supplicd by oone tuabewell.  The
the Noveh tni b oare tocaied at Choadipur

sovihi-cva=t ¢ the contre off the Noitth

doa

Nijarkhiemar . just nerth of the centre.

v Tor sclectiag these (wo parvicular

O
Caal

s01i1 1

roarca ol more sooudy =oils al Chandd par

readiby anoarent, Both arcas are
Flood Levels., The two arceasx contrain

clas=ifjicatiaons, although there §s=

are Level to gentdy sloping,

In the scelection o pilot arcas, It is ecssential

to first
which ar

areas o

v

determiine the tyvpe of demonstrations

(& Lo

n hbo

be carvied our. Tor example, thesc

wtilized to determine the Lenei'i s

From dirferent dovrees of wator managemnent, rota-

]
1

tional versas continuous jpeg vetion, different

den=itic

ool

scconuary canals (laverals and

sublatoral=sY, Tincd versas unlined caaals, as well

as o Lthoe i
and jrow

pilot ar

e

trucl o tiews sueh as o new crop varicties

Ciropping patliorn=. They can be used as

Cax

1
i

or scetting up cooperatives, irrigsa-

tion associ tions or walcr tscrs groups

which cuo

aroas ar

it b

Ovnd

expanded Lo cover adaitional

the pilot creas o= (ho



additional arcas arce broughe unde > irrisated

agricul turoe, Later, they can bo used as pilot

areas ffor laad concoiidation noorrams, th g

Is, re-aligomont o o boundarics, provision

ol all weather farm plow access roads, and provi-

slhon of a convrelloble vater inlet and a control-
'

Lable dradncge suclet Tor cach and every Sarm ploc.,

¢

Micragement of pilot aveas, which it is as=sumced

~

Will remain owned Ly the various Carmers, nust
be carefully escablished at the pPredesien stage.
The Govermumental agencics rosponsible tor the
various inpuls into the area mast he oreanized

as a tosmoand their vacrious responsibilicios and
inter-relationships extabtished,  Tho guescion

of subsidics o sceds, rertilivers and pesticides,
and compeusation fer Caslures mast be clociiiod.
An organization Jor transporting groups of aruers
From other areas in the North bnit to the nilot

arca for lecinres and explanations should be

¢

astablishod, fradaing programs, Carmer clubs,

aud the =tafl to supervisc aad oroanize thoese,
should be considered at the pre-desiegn stagc,
Training facilitices and materials must be planned

for,

i selecting the pilot areas, one special point
should be kept in mind. ey scason irriecation
will depend largely on the low Clow in the

Dudhlkunar Kiver, LE this flow is decireascd by
India, alternate cropning naticerns will have o
be dmplesiented.,  The pilot areas =hould be uscd

to cncourage these new cropping patterns,  Those






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! area was
obtained during 1967 for preparation of the
Report. Copies of the final fiood reports for
1972, 1973 and 1974 for the whole Kurigram

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 1974, 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 betfore
the flood embankments are finished in order to
bring some of the area under irrigation as soon

as possible,

The three rivers, Brahmaputra, 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 flooried, If

the flood is particularly scvere, sand car. be
carried far inland and the depth of blanketing

can be considerable. Kurigram residents advised
that the 1974 floods had rendered some agricultural
land useless by depositing 6 tc 12 inches of clean
sand on them. At the river banks, 18 inch thick
layers of clean micaccous 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 rather than sand is deposited on the
river lerraces. This silt carries nutrients and
tends to fertilize the top soil, but the exact
value of these silts is not known. Studies carried
out at Hawaii University in 1974 indicated that
"sediment deposition does not mecasurably increase
the soil fertility of soil in the Mekong Delta."
The report cautions the transfer of these findings
to cven 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 uneffeccted 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, Tacines,
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 scen best accom-

plished as a planned step by step program.

An alternate means of flood control which could

by considered is the submersible embankment. 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 ycar 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 tolecrated by the maturing plants
without excessive damage. Therefore, the sluices
could be opened to balance water levels on both
sides of the embankment and the crop allowed to

be subjeccted 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. 1f a flash flood were

to occur, however, which exceeded the capacity of
the sluices to balance water levels on ecither

side of the embankment . the ewmbankment could be
overtopped and scverely damaged. Rapid flooding

of the irrigation system could alsc cause considera-

ble 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 achicved 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 opcrating 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.

FFlood waters penetrate the inland areas by backing
up the drainagc 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.



3.5 PRELIMINARY DESIGN AND ENGINEERING FEATURE

3.5.1 Irrigation System

3.5.1.1 Irrigation from Surface Water Source
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General

The scheme proposed in the Report comprises a
6 x 430 cusec pumping plant located on the
Dudhkumar River just downstrcam 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 supplicd

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 Consultants.

The location of the main river channel varies
from ycar to year, USAID officials report that
in 1974 the main channcel was closce to the left
bank at the Pateswari bridge. At the time of the
Consultants' site visit a 10 to 12 foot deep

channel (bed E1 *84) 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 strecam channel to swing over to the
right bank. However, the stream bed is a finc
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 45 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 upstrecam 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 areca immediately upstrcam of the control

is more stable than that downstream. Locating

the pumpstation downstrecam of the bridge is there-
fore questioned. The use of such a long approach
channe:l is also questioned. Minimum flows in the
intake chinnel will be zero when the river flows
and sediment transport arce a maximum. Eddies
downstream of the bridge will carry scdiment into
the channel, which has a bed .evel considerably
lower than the river bed, and considerable depths
of silt will be deposited in the channel. Maximum
velocities in the approach channel will be about

I x 4350 cusccs = 2 ft/sec. This velocity will
(E1.85-L1.78)125




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 cnannel 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 de.sification

by the vibroflotation process may be advisable.

Canals, Laterals and Structures

For preparation of the Report, a continuous

mode of irrigation water anplication 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 increcases 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 %o 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, distribution system
unlined
- main canal unlined, distribution system

unlined,

The capital costs only arec compared and the Report
concludes that the unlined scheme is checapest by

a very narrow margin (Tk66,001,924 vs Tk65,332,410).
The benefit of reduced maintenance costs on the
lined canal and on the smaller pumping plant, and
the benefit of the reduced total water demand

should India recduce low flows in the Dudhkumar,
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are not considered. Also, no study is indicated
as having becen made on the benefits and disadvan-
tages of lining the distribution system down to
the field diitches. The silt carriced 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 lossecs 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 maintc-.
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
hecad is required to rcach the furthest poinfs 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
canals, the velocities in the canals and

the cross-sections of the canals must be care-
fully matched with the materials from which the
caral banks will be constructed to ensure that

the canal will neither scour nor silt up. Also,
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the banks of unlined canals 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 preliminary layout of the laterals and sub-
laterals appears adequate for feasibility stu-
dies, In the pre-final design stage, howevar,
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 clevated roads for transport of produce to
markets. The main canal access road acts as a
feeder road for each of the lateral and sub-
lateral roads. Frequently, this feeder road is
fully paved. If, thercfore, 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 [rom the main road.

Secondly, the 1974 flood penetrated well inland

and flooded across the proposcd main canal align-

at about mid point, see Appendix A. If irrigated
agriculture is to be brought to the North Unit in
the shortest possible time, carliest possible con-
struction of the main canal, laterals and sub-
laterals must be the target. Full rlood protection,

however, will not be achieved until towards the
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end of the project construction period when the
drainage plants have been esscntially 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 subject to flooding.

When laying out the canals and drains, due recog-
nition should be riven to the probable eventual
rced 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. General 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. Decep borrow pits immediately adja-
cent to the toe of the caral bank can intersect the
secpage line from the canal and should be avoided
(assuming unlined canals). The 6:1 sccﬁagc line
shown in Lhe canal cross-scctions is acceptable
only for homogencous sandy silt (note that the bor-
row pits intersect this line). In silty sand or
sand the design scepage line would be flatter,
about 8:1. If layers of fine sand are immediately
below the canal banks, these layers could be exposed
in the sides of the borrow pits and scepage exit
velocities could well be sufficient to cause

piping and canal bank failure.
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Permanent right-cf-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 usual in feasibility
work. Some typical details are, however, given

in Volume IIX.

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, mcans of accurately mecasuring where
the water is going must be incoporated into the
system. The control methods should be simple and
the devices used to operate the structures should
be part of that structure to avoid loss and theft.
Small wooden stoplogs for instance are frequently
lost or stolen. This results in say a check structure
not being operated properly, a deficiency in head
in the canal, and a water shortage in outlying
arcas, possibly at a critical growth stage. The
structures must perform satisfactorily under all
conditions of operation and their performance

should be rcasonably man-safe.
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Concrete materials and formwérk are not in-
digenous to the area and will be difficult to
obtain. Brick masonry should therefore be
utilized to the maximum extent possible. Careful
quality control of brick manufacture will be

required,

In any irrigation system there is a considerable
amount of repetition in the structures, Struc-
tures should, therefore, be standardized as much
as possible., Prcecasting of standard concrete
units, or sub-units, could reducc the need for
transporting large quantities of concrete mate-

rials to cach of the many structure sites.

The variation in cost of the 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 feasibility study.
However, thesc points, and others, should be
settled in the pre-final design stage.

3.5.1.2 Irrigation from Ground Water Source

—

Tube Wells

In the Report, the design of tubewells to serve
the dirrigation requirements of the North Unit

1s based on limited data on actual aqguifer condi-
P

tions, as discussed in Chapter 3.2.3 of this report,

The further testing recommended in Chapter 3.2.3
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would be required to finalizc design. The well
design sclected in the Report for a yield of

3 cusccs 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 governcd by river stage fluctua-
tions, (4) aquifer transmissivity, (5) storage
coefficicents, (6) simulated well locations and

extraction rates.

The model would be capable of physically opti-
mizing spacing, pumping schedules and general
groundwater basin management techniques to assure
the adequacy ol the designed field. Sustained
yieclds could be evaluated from the model. The
practical sustained yield may be less than the
rate of recharge, but cannot exceed the long

terim mean annual recharge without depleting
storage within the aquifer. The practical sus-
taincd yield can be limited ecither by the physical
size of the groundwater rescrvoir or by the rate
at which water moves through the reservoir from

the recharge arca to the withdrawal areca.
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It is seldom that any single value of sustained
yiecld can be correct for an extended period of
time due to changing conditions. The groundwater
model of the area would allow testing of various
project conditions and evaluation of increcasing
recharge due to lowering of the water table.

The model would cven allow different pumping
patterns and cropping patterns to be used and the
subsequent effect on direct and boundary recharge

determinced.

Once the well field design is finalized, the
consideration of individual tubewell design can
be initiated and the data developed Trom the

model. can be uscd 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 ficld, Design of the wells and selection

of pumping cquinment must include proper considera-

tion of future maintainability.

The above discussed model is clcarly not required
for fcasibility grade studics, and should only be
considered if the pre-final design studies indi-

cate that groundwater should be developed.
In the Report, one tubewell per 1410 acres has been

assumcd. This is considered adequate for feasibi-

lity studiecs.
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Distribution System

The sample area developed in the Report covers
one tubewell distribution system, an area of
about 140 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

gravity scheme,

A criteria for the density of supply canals

to be provided as a part of the project should
be dcveloped and applied equally to the two
systems, Also, the question of lining the minor
distribution system should be reviewed. Sece

Chapter 5.5.1.1.
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3.5.1.3 Irrigation from Combined Surface

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 ol land. The economic result given in the

Report is thereiore 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 gencrally be
run out as far as nossible, and should only be
stopped when the freguency o?d water shortage
makes it uneconomical i¢ irrigate morc land from

this 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
ecconomical than a total develovment using surface
water, it is difficult to visualize a circumstance
under which a partial system would be cconomical.
Diversion of a significant portion of the Dudhlkumar

flows by India would of course change this picture.,

Barrage

This structure was not laid out in the

Report and the costs werce only roughly

estimated. The design discharge was taken

as 275,000 cusecs as opposed to a peak dis-
charge of 216,000 cusccs in only six years of
records., Had the scheme looked competitive,

this stiructure would have no doubt been consider-

ed in grceater detail.

At the quoted TKk460 per cusec, the total cost

of the Dudhkumar barrage would be TkA60 x 275,000
= Tk126,500,000. The ratio of foreign cxchange
in this total cost and the applicable exchange
rates arc unknown. At Tk16 = 51, the total cost
is considerced to be considerably under-estimated.,
In West Pakistan, the Qadirabad Barrage structure
without headworks cost $38/cusecc (1964-67). If
33% of this cost is considered unchanged labour
cost and 07% is considered escalable over 10 years,
this rate today would be about $55-65/cuscc .
Using this rate, the total cost of the Dudhkumar
barrage would be about $16 million. This addi-
tional cost would make the scheme using a barrage

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

These are not discussed in detoail in the Report..
Details of the system and costs per acre would be
similar to thosec developed for the scheme utiliz-

ing a pumping plant at the Pateswari bridge.

Tubewells and Distribution System

These are not discussed in detail. Details
and layouts would be similar to those developed
Tor the scheme using only groundwater sources

for the North Unit.



3.5.

FFlood 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.

The Report shtiows the perimeter embankment tying
into the disuscd railway embankment 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 the embankment, the condition of any culverts
running through it, and the degrce of flooding

to the north of the embankment must be studied
and necessary improvements to the ecmbankment etc.
incorporated into the project plan. The other
tie, into high ground ncar the Indian border,
should be studied using topographic maps of the
adjacent Indian territory and on the ground,

to ensure that the Dharla River cannot flood

in behind the embankment. When considering this
latter tie, the effect of possible future con-
struction of an embankment along the right bank

of the Dharla River must be considored.

The cmbankment is shown sct back from the present
river bank about 1/4 to 1 mile. It crosses old
embayments and in places will clearly obstruct

flow and therefore come under scvere attack, The



embankment at the Dharla barrage is one such
location. The cmbankment layout is adequatc
for costing in the fecasibility report. However,
during the pre-final design stage, the alignment
should be refined and reasonably firmly ecsta-

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 embankment should be retired beyond that
limit unless there are strong reasons for doing
otherwise. Particular 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 cffect on the Brahmaputra
River as the amount of overbank spill and overland
flow prevented by the embankment will be small
compared to the flow in the river, On the smaller
Dharla and Dudhkumar rivers, however, particularly
on the Dharla River where an cmbankment will be
constructed as part of the South Unit development,

the river regimes could be significantly changed.
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Once cmbankments are constructed, river bed and
bank scour will increase, water surface gradients
will flatten, and silt deposition downstrecam of the
embanked reach will increcase. Sinuosity of the
main strecam is likely to increase as the stream
attemps to re-establish a regime. Studies on
Dacca Southwest project indicate that the risc 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.

The cross-section of a typical embankment is

given in Volume III of the Report. Crest widths
arc proposed as 14 fcet except along the Brahma-
putra where the crest width is 24 feet. Side
slopes are given as 1 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 dcep arc shown
30 feet from the riverside toe of the embankment.
The seepage lince gradient is shown as 1 vertical to
6 horizontal. It is assumed that the dimensions

given are for the net compacted scction.

The crest width to be used for an embankment is
usually a function of the method of construction,
the ultimate use of the crest and the tynes cf
rodent prevalent in the area. With a 14 foot
crest width,it must be assumed that manual labour

and small compaction ecquipment was cnvisaged for
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construction, and that if heavy equipment is
required for routine or cmergency maintenancece,
an access way will be requisitioned under
encrgency powers along the landward toe of <he
erntbankment., Once the embankment has beoen 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 adequate. 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 broper—

ties before construction starts.

The scepage line of 1:6 is adequate for a silty
s0il, It the so0il is a sandy soil, as the bore
logs given in Figure B-1 of Volume II indicate

it will be, the assumed hydraulic gradient should
be 1:8. At lecast 2 feet of cover over this line
should be provided at the landward toe. This can
be achieved by introducing a brecak in the landward

slope.
Seepage through the embankment, or under the
cmbankment through coarscr 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 correcct as these will eventually silt up
and can be cultivated. However, it is considered
that they should be at lcast 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, crcating parallel
scour velocities at the embankment toe. The borrow
pits should, therefore, not to be continuous over
lengths exceeding 500 feet. Beﬁween these length,
strips of original ground not less than 50 wide
should be left in place. A 6 foot decep 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-
@ad at the pre-final design stage as this also

affects the dimensions of the cross-section.

The usc of grass slope protection is quite adcquate
as proposcd. Attention must be paid to the adequa cy
of the soil to support grass growth, and topsoiling
should be undertaken where necessary. Carecful
sprigging, nurturing and maintenance of the grass
cover will be nccessary il adequate protection

against gullying and wave wash is to be achieved.

Road ramps of 1:33 arc considered too flat. These
will extend far out into the country or too far
along the embankment, Ramps of 1:15 are probably
adequate for buffalo carts. Ramps will be required
on both sides of the embankments where there is
considerable farming activity on the river side of

the embankment.



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.

5.5.3.2 Drainage Imprcvements Without

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 consi-
dered correct as the giin 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.

5.5.5.3 Drainage Improvements with Irrigation

and Flood Control:

With the application of'adoquato gquantities

of dirrigation water, there are no benefits to

be gained f'rom poor drainage. On the other

hand, by improving drainage, additional land

can be made available for ycecar round cultivation.
The improvements proposed in the Report comprise
re-shaping existing drainage channels, and inter-
connecting low lying lands to cnable 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 scason
when irrigation water is plentiful, as to do
otherwisc makes operation and maintenance of the
irrigation system extremely difficult. During
the dry scason, however, and particularly if
India reduces flows in the DPudhkumar River, it
may be desirable to actually check flows in the
drainage ways and pump the water into the irriga-
tion system. Also, fcllowing a more detailcd
study of the river hydrology, if it is found that
critical shortages could.occur, permanent provi-
sions could be made for emergency pumping {rom
the larger drainage courscs, particularly those
which have a large catchment area and carry

considerable return and bank regeneration flow,

For cvacuation of surplus rainfall from withlin
the poldered area, there would appecar 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 rainfall can be drained by gravity
during low river stages and by pumping during

high stage. The concept is common and practicable.

The Report proposes I drainage pumping stations

for the North Unit. The approach would undoubtedly
efffectively control flooding in the poldered arca.
However, cach station would rcquire resident, well
trained maintenance staff. Also, a system for

indenting for sparce parts, procuring thcem from



overseas or manfacturing them within Bangladesh,
and maintaining an adequate and readily availa-

ble stock of spares would have to be developed

and opcrated, Local stores and workshops would

be required, with adequate facilities and trained
mechanics, for all but the most major overhauls

and repairs. Foreign exchange would have to be
made available for parts procurcd from overscas.
All these, and other aspects of pump maintenance,
require great attention in Bangladesh at the
present time. Of 42,000 low 1lift pumps opcerated

by BADC, 15,000 arc operable. Of 370 deep tube-
wells operated by BWDB at Thakurgoan, only 270

are opcrable, There is thus a clear nced to reduce
the reliance on complex machinery in the North

Unit as much as possible, and, where this cannot

be practicably achicved, for grouping the machincry
together as much as is practicable to simplify

maintenance problems.

The possibility of connecting two or more drainage
courses so that they both utilizce one pumping
station should be considered in the pre-final
design stage. The land is relatively flat and
considerable borrow pit excavation will be nceces-
sary. Some of these borrow pits could possibly

be designed as drainage coursecs.

For preparation of the Report, a comparison
between gravity drainage and pumped drainage was
made for one of the four drainace basins, Sce
Volume I, Appendix A, The method usced was as

follows, For the gravity drainage scheme it was



assumed that at the start of the inflow storm,

the river level would be at elevation 84, the level
within the poldered arca would also be at efevation 84,
and all sluices would be open. The storm outfllow
flood was then routed through sluices of various
sizes. The interior flood level was determined

and crop losses calculated for the average arca

one foot below the flood level. The best size

of sluice was then assumed to be that at which

the incremental benefit of increcased size of

sluice equalled the incremental cost of increcased

size.

A similar approach was taken for the pumped
drainage scheme. The outflow flood was routed
through various capacity pump stations, crop
losses were determined as before, and the pump
station size was sclected on an incremental

benefit-cost basis.

The two "best" sizes were then compared and the

pump station sclected on ithe following basis:

20 Vent Sluice 800 crs 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 acrecs

Now, the flood routing for the sluice scheme was
started from an assumed existing lood clevation
of 84 inside 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 4 vent sluice, that is, 4 openings

5' x 6' in size, results in an interior flood eleva-
tion of 86.65, whereas a 24 vent sluice results in
a flood elevation of 86.54. 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. When 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 selccted,
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 sclected sluice

kept the rise down to about 2.6 feet.

It is clear that a considerable portion of any justi-
fication for pumped drainage lics 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, whercas

with gravity sluices the interior runoff cannot be
evacuated unless the interior water level riscs

above (he river level. Although the use of pumped
drainage is probably justified, an amplificd ap-
proach to cstablishing this justification is con-
sidered neccssary.
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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 could
necessitate starting the study at the begining

of the monsoon scason and determining how interior
flood levels increas¢ with crop gro.th. Such an
analysis has many variables and cai bec 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 Bangladesh 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 considerable, and must be taken
into account when deciding the definite project
plan. For example, the eclectrical power distribu-
tion system required for the pump stations could
also be used for rural clectrification and for
running tubewells in the area outside the flood
embankments. Rural clectrification would not only
but would

raise the general standard of living

(R ]

also contribute to population control.

To summarize on the question of drainage:

- the basic hydrology nceds to be updated

- the nced for pumped drainage nceds to be
studied in g¢recater detail

- the use of return and bank regeneration
flows to correct for possible irrigation

water shortages nceds to be reviewed

3 - 117



=~ if pumped drainage is justificd, possible
interconncctions of drainage courscs should

be studiced

- operation and maintenance organizations and
procedures for pump stations must be esta-

blished as part of the project

- spin-off benefits from installing pump

stations must be taken into consideration

Conditions in cach drainage bhasin differ. Due
recognition has to be made of the possible in-
fluence of the Dharla barrage head pond in
deciding on the drainage works for basin N4,
Where future constructicn could alter the
drainage works design, the possibility of staged

construction should be considered.
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3.6 MISCELLANEOUS PROJECT ELEMENTS

6.1

Topography

Throughout the world, inadequate topographic
mapping is frequency the cause of considera-
ble wasted time and money on an implcementation
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 carly date to ensure that basic control is
installed and carefully checked, that canal
strip topography, drainage course centrelines
and cross-scctions, and structurec site topo-
graphy are obtained in a systematic and 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,
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3.6.2

Low Lift Pumps

The Report discusses the possibility of using
large capacity (2-4 cuscc) low lift punmps to
lif't dirrigation water from the various drainage
channels in the arca., See Page C-3 Volume II.
This study was apparently carried out at the
request of IBRD with the idea that land acquisi-
tion costs would be almost nil. The back up

and layout details for the studies arce not in-
cluded in the Report (Figure C-1 is not bound

into the Report),

Precise criteria for the studiecs arc not clecarly
defined, although it is deduced that, for the
North Unit, the assumed project plan was gravity
drainage through sluices, a tlood embankment,

and irrigation by low 1lift pumps. The Report
concludes that this approach to vupplving irriga-
tion water is only practicable if water can be
pumped from the river back into the drainage

channels.,

Without the study backup data, detailed comment
is not possible. In gencral, however, the conclu-
sion reached in the Report would scem reasonable.
The drainage channels arc much steeper than those
further south in Bangladesh, and the mouths of the
drainage channels will not be connected to deep
water channels ia the rivers during the low (low
scason. The amount of irrigation water would

clearly be more than that flowing naturally in



the drainage channels, so some means of lifting
water from the deep water river channels into

the drainage channels would have to be

devisced., This water would then have to be pump
lifted upstream in the drainage channels through
a series of regulating structures, and then
pumped from the drainage channels into canal dis-

tribution systems.

In the fletlands of Bangladesh, the use of drain-
age channels as drrigation channels during the
dry scason is cconomical and quite practicable,
The Dacca Southwest and Belkuchi Projects are
examples of this approach., [For the North Unit,
however, where there is a good all to the land,
it would appear impracticable. Also, because of
the current problems of effecctively maintaining
Yow 1ift pumps, it would appcar imprudent to
adopt such a scheme when more reliable and practi-
cable mcethods of supplying irrigation water are

available.

It is considered that furthe:r study of this

alternative is not required,
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Hand Pumps

UNICEF has developed a soundly designed and
relatively trouble free low litt hand pump
capable of discharging about 0.2 cuscc ifl

operated continuously.

1t has been suggested by various agencics that
irrigation of the North Unit could hLe carried
out by this method. The aquifer is perfectly
adequate and these pumps could undoubtedly f{irm
up the monsoon scason rainfall for particularly
energetic farmers and their families, and pro-

vide dry scason irrigation.

One hand pump could be expected to yicld, at

a 33% operator cfficiency, approximately 2,400
cubic ffeet 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 appliced in 15 to 30 days. Therefore, if a 20
day period is allowed for land preparation, one
pump could handle 1.3 acres, thrce pumps could

handle an average farm.

Pumping labour cests would be in the order of
Tk5~06 per day, or per rice crop about an average

of Tk500-620/acre.

Recent studies carried out by the Department
of Agricultural Economics at Mymemsingh Lniversity
on rainfed rice cultivated on 060 farms arce reported

to have yiclded the following data:



Yield Gross Input Return Net Return

Rice Variecty 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 incrcased as follows:
Aus 12 to 50 maunds/acre (4106 percent increasc)

T aman 15 to 40 maunds/acrec (266 percent incrcase)

Taking the fully developed farm condition per

acre, the net return per crop would be:

Tk1,558

Tk2,250

Gross input Tk1,008+Tk550 (pumping

Gross return (40+50)maunds x Tk50/maund

2
Net return = Tk 692

This is a better margin on investment usually

enjoyed by the farmer.

From the above very rough study, the usc of hand
pumps would seem to be a distinct possibility
for individual farmers. However, the work is
undoubtedly arduous and requires an excessive

amount of labour input. If such a scheme were



to be pushed for the whole project, a 75,000
strong, new type of labour force would have to

be ¢rcated., This force would represent 12
percent of the total population or about half

of the males between 10 and 40 ycars of age.

The nced for this extra resident help 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 rcalized and the
standard of the entire population in the North
Unit, and the fringe areas, would not incrcase
as desired. There would probably not be a

rice swrplus in the North Unit for export to
adjacent arecas. When intensive apricultural
development is initiated at a later date, there
would be no irrigation system to act as a
unifying influence on the farmers. The deve-
lopment of co-operatives would therefore be more
difficult. There would be no imprcvement in the
road network. On the other hand, large scale
surface irrigation development would enable

the full agricultural potential of the arca to
be systematically developed, woul:d open un

the area by providing a network of roads, would

provide effective irrigatior to the entire popu-
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lation quickly, and by opening up communi-
cations would ecncourage community activitices,

a group apprcach tec problems, and a better

way of life. Extension work would be made
easier as the farmers could he formed into water
users groups by lateral or sub-lateral service

areas,

In conclusion, it is the Consultant's opinion
that the large scale usec of hand pumps would
represent a short-term, partial solution 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 arcea is to be
achieved, as it must. It is considered that the
thoughts of the farmers should not be divertced by
interim irrigation measures, but should be Lfirmly
directed towards community wide agricultural and

social development of the North Unit.
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3.6.4 India's Reduction of Flows in the
Dudhkumar River

Since the Dudhkumar River's catchment arca is
almost all in India, any diversion from the riv:r
in India could have a significant cffect on

the proposed surface water irrigation system

for the North Unit. The land on the Indian side
of the border appears to be fairly flat and
diversion of somec of the Dudhkumar flows for

irrigation appecars to be a distinct possibility.

During the monsoon period, the river carrics
snowmelt and rainfall, Diversion requircments for
the North Unit and any developments on the Indian
side would be minimum during this scason. Any
diversion of flows in India would, thercfore, be
unlikely to affect thesupnly of supplemental
irrigation water to the North Unit during the

aus and aman scasons. During the dry scason, the
river flows must come from bank rcegencration, as
rainfall in India is almost nil and all snowmelt
cecases. The river must act as a groundwater drain.
Diversion requircments for the North Unit and for
any Indian developments would be maximum in the
dry scason, and any Indian developments could
therefore have a significant cffect on the boro
and rabi crops. If the developments were sufl(i-
ciently far upstream, however, bank regeneration
and return flows could be adequate for the North
Unit. Diversion close to the border could,

however, be critical,

3 - 126



Guarantees from the Indian Government on minimum
flows should be sought as carly as possible alter
the minimum {lows have been firmly established.

If these guarantces cannot be obtained, details
and timing of potential developments should be
sought and their effects on flows in (he Dudhkumar
established, If these details are not obtainable,
estimates of possible diversion requirements
should be made from whatever maps arc 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 determined. If guarantcees
from India cannot be obtained,contingency plans
should be laid for modifying the irrigation system
as and when India reduces flows in the Dudhkumar
sufficiently to cause irrigation water shortages
in outlying areas. These could include the use of
low 1lift pumps to pump return {lows and ary bank
regencration from the various drainage channcels
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.



3.6.5

Arcas Outside Embankment

The (lood control embankments must be located a
considerable distance from the river bank if they
are to be safce against river attack. A large
number of arms will be divided by the cmbankment
and a large number will be lef't on the river side
of the embankment. The land on the river side of
the cmbankment will not always be flooded and
could be utilized to grow a good aus and boro

crop il idrrigation water can be supplied.

If eclectrically driven drainage pumps are re-
quired at eaciv of the drainage arca outlets, a
source of power for tubewells would be at hand,
Diesel driven shallow lift tubewells could also
be considered for thesce arcas., Maintenance of
a distribution system of any sort would be a
problem. Portable pipe distribution systems
could be considered. Hand pumps may also be

practicable for these arecas.

It is considered that in developing the deflfinite
project plan, the socio-cconomic inequalitics
becween the arcas just inside and those outside
the embankment must be considered. The arca out-

side the cmbankments 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.
llowever, as the Authority would have to be largely
self contained, duplication of departments and
disciplinces 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 which should be released to assist on other
projects is frequently held longer than necessary.
Further, the expericnce 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 committcees, an
advisory committee chaired by a Minister and in-
cluding the Secretary of each of the concerned

Ministries, and a project development committee



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 lecader of the
pelitical 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 degreec of success in achieving the project
aims, will depend to a very large extent on the
smoothness of co-ordination between the varicus
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 quernment 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 wezknesses 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

responsipilities 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 sclected represcntatives 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 cnvi-
saged that the Project Co-ordinating Committee
would have its chairman and secretary drawn
from the Planning Commission. This committce
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 wview, should be defined
at an early stage so that the management orga-
nization can be developed accordingly. Quest-
ions such as, are rural fisherices, livestock,
rural electrification etc. to be included in
the North Unit project, must be resolved carly
so that these activities can be properly
represented on the committees from the very

beginning of the project.



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,



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 reportecdly 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-
proved 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.



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 asscssment of
the adequacy of present systems once national
policies regarding farmer's institutions, opecra-
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 rcforms could
be included in the scope of the North Unit

project,
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72,7 PROJECT IMPLEMENTATION, QUANT "TIES AND CO3TS

3.7.1 Implementation 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 ycars 9 months
Irrigation hcadworks 4 ycars 1 month
Irrigation system 5 years
Drainage System i yecars
Transmission Line etc. 4 ycars
River training works 2 years

Total period 6 ycars

It is noted that there is no phasing within the
North Unit to bring selected arcas under irrigatcd
agriculture before the whole project is completed,.
In fact, the Report states that there will be no
benefits to the farmers before 7 years has clapsed.
This is an unnccessary delay as water could be

made availahle 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 obtainecd from the
Report as to how the various parts of the works

arc to be carried out, whether by force account,
local contractor, or by international contractor.
Reference is made, however, to a "project exccution

authority " on page VIII-15 of Volume L. O page

(21
I

1

~I



VITII-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 BWDB staff at
Kurigram, it is suspected that BWDB 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 Implemcnta-

tion and Co-ordinating Committees

- development of farmers institutions

responsible for project schedul-

Consultant

ing, design and management of con-
strriction with staff seconded from
BWDB and other agencies as necessary
- preparation of contract documents,
contract measurements and payment

certification.

embankments by Food for Work

Construction
Program (BWDB supervise).
- pump stations and river training
by international compectitive 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
with 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.

3 - 139



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 farmefs could then be left to

arrange water transfer from plot to plot.

If the abovg 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 BWDB
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 Recport states that unit costs are based on
1972-73 costs mostly obtained through the
Planning Commission. The Report reccommends
updating these costs to correspond to the date

when construction starts. Figure 5-7 rectler s,

No contingencies have been allowed. It is
recommended that 15 percent of the construction

cost be included to cover contingencies.

Engincering and investigation costs have becn

taken at 15 percent of the construction cost.

For the present level of study, this allowance
is adequate, although it is considered con-

scrvative.

BWDB management costs have been taken at 2.5 per-
cent which scems low. A value of 5 percent would

be acceptable.

Interest during construction has been taken as

6.25 percent for local currency and ly percent for
foreign currecncy, applied to the total construc-
tion cost. As capital is not consumed at the

start of the job, these rates arc cquivalent to
about 12.5 percent and 8 percent respectively on
the progressive borrowings. However, it is noted
that 6.25 percent and 4t percent figurces were also
used when calculating annual costs. When finalizing
construction and annual costs ffor the detfinite pro-
ject plan, the rates used should be in line with
the rates and repayment conditions likely to

apply to local and foreign loans., The current
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Bangladesh central Bank interest rate is 8 percent.
Ninety day trcasury bills werce issucd in August
1975 at 7 percent, The interest rates on Lforeign
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 requircments,

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 becen included in the estimates

of project costs.,

When calculating annual costs in the Report,
interest on borrowed capital at 6.25 percent
local and % percent foreign, replacement re-
serve at 3 percent increase in prescual worth
per year, and O&M costs varying with cach item
were included. These allowances arc considered
to be low, exceptl in the case of foreign capi-
tal which, if a soft loan is obtained, will

cost anywhere from 0.75 percent to 5 percent.

When considering O&M costs in the re-working of
the project costs and benefits, existing O&M
costs on other projects should be used with
caution. For example, O0&M on the Thakurgaon

Project is clearly inadequate. Also, if these
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costs are not calculated from.first principals
and a percentage off the construction cost is
taken as the O&M cost, care must be taken to
ensure that the constructio= 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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PROJECT BENEFITS

The benefits from irrigation alone are considerable, for
without a dependable water supply the high yielding
varietics of rice apparently cannot be grown in the aus
and aman scecason, and a large scale boro crop is out of
the question. The Report deduces that the benefits Crom
flood nrotection do not exceed the cost. This is con-
sidered conceptually incorrect, as it would be most
imprudent to complete the irrigation system for the
entire arca without protecting it against flood damage.
Certainly, a portion of the irrigation system could be
constructed w~hich would be free from flood hazard, but
then the cost of the headworks would increase in propor-
tion to the area served,and the benefit - cost ratio

would decrcasec,.

It appcars logical to the Consultants to develop the
North Unit as onc complete unit, considering irrigation,
flood control and drainage as insepgrable parts of the
completed project, and to determine the fcasibility of

the projcct on that basis,

The Report is difficult to follow as to when the costs
and benefits have been shadow priced and when not.

*The following table of present worth bhenefits is,
therefore, only believed to be what the Report concludes.

See page X-2, Table X-1 and Table VIT-21A of the Report,
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*PROJECT BENEFITS

Tk
Pre-project gross production value 835,258,000
Pre project cost of cultivation 537,727,000
Pre project benefit 45,531,000

After project 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
Cultivited areca 74,000 acres

. « Average income increcase/farm

183,398,00 x 3.3
74,000

Tk 8,180

An alternate approach to check the above conclusion was

taken by the Consultants and is presented below:

Present cropping factor 1.52
Future cropping factor 2.2
Assume average present yield 15 maunds/acre
Assume futurce yicld 50 maunds/acre
Assume present and future crop
present worth values Tk70 and Tk50/maund
Assume one farm arca 3.3 acres (cultivated)
Assume current cost of production Tk60OO/cre
Assume futurce cost of production Tk1,000/acre.

600Xx5.35x1.52
= Tk 5,010

Pre-project production cost/farm

Pre-project production vl ue/farm
a) 1/3 sharce croppeoed
5.3 x 2/3 x 15 x 70 x 1.52
+ 3.3 x 1/53 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

n
._.a
”

5,267

.". Pre-project net income/farm

Tk 1,378 to
Tk 2,257

(excl. taxes etc.)

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 1/3x 1/2x 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 incrense/farm

Tk6,478-TKk8,63553

Note that this is not significantly diffecrent

from the Tk 8,180 believed given by the Report.
If taxes, cost reccovery payments etc. arc deducted Lrom

these figures, cach average farmer could expect to

increase his income by 4 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/maund, 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 yecars from about $233/
metric ton to $165/metric ton (25-35% broken,
f.o.b. Bangkok). Tk 50/maund for paddy corres-
ponds to about $124/metric ton for rice at an
exchange rate of $1 = Tk 16. 1If anything,
therefore, the benefits forecast in the above
farm budget analysis would appear to be slightly
underestimated. IBRD have recently uscd 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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PROJECT ECONOMICS

The following economic indices were determined in the

Report, as defined, to test the economic viability

of the Project:

Benef'it-Cost Ratio

Present worth value of the total benefits
over the life of the project (50 years
assumed) divided by the present worth
valuce 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 litfe of the job minus the total present

worth of the total coust.,

Internal Rate of Return

The discount rate at which the present worth of

the total benefits over the 1life of the job

cquals the present worth of the costs.

The Report states that the recommendations of the
Planning Commission Manual "Manual for Projcct LEvalua-
tion, Government of the People's Republic of Bangladesh,

1973", were followed for shadow pricing farm output.
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The results of the cconomic analyses, as given in the

Report, are as follows:
(1) Construction cost (Table IX-2A) Tk223,517,464

(2) Annual project cost at Tk 18,498,395
6.25 % local (Table IX-7A)
and 1% foreign interest
rates

(3) Gross annual production value Tk369,640,000
with project (Table VII-21A)

(4) 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) - (4)

(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 56,394,000
without project (6) - (7)

(9) Annual net benefit (5) - (8) Tk192,567,000
(10) Annual benefit-cost ratio 10.4
(9) + (2)

(11) Total costs at 10% discount Tk 92,108,000,000
rate (Table G=-27)



(12) Total benefit at 10% dis Tk1,253,429,000,000
count rate (Table G-27)

(13) Total benefit - total cost 13.6
ratio at 10% discount rate :

(14) Net contribution at 10% Tk1,161,320,000,000
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, carricd out by the Consultants.

Recent development costs in Bangladesh have been
estimated as follows by various authorities on a

present worth basis.

Belkuchi $440/acre for 80,000 acres
$1,100/ha
includes assumed value of c¢xisting
Brahmaputra right embankment, cmbank-
ment around remainder of project, a
lot of double pumping, internal road

and 3% kv distribution systems.

Barisal $200/acre for 140,000 acres
| $510/ha
includes no embankments, local contractor
for civil works, double pumping, lots

of gates.



Muhuri $520/acre for 50,000 acres
$1,300/ha
includes major barrage and regulator,
flood control and irrigation.
Karnafuli #550/acrec for 38,000 acres

$1,370/ha

includes tidal charging of strcams,

pumped irrigation, small cmbankments.

These costs will be escalable over the construction

period

IBRD has recently assumed the following

escalation rates

Year

1975
1976
1977
1978
1979

RATES OF ESCALATION

Foreign Exchange Foreign Exchange Locau
Civil Equipment
16 12 25
14 10 20
12 8 17
12 8 15
12 9 13

For the North Unit Project assume

U.S.$1 = Tk16
Project 1lifle

Opportunity cost of capital
throughout project life

50 years
8.5%



Capital cost of project
$1,200/ha including access
road to Kurigram, 33 kv
transmission line to Kurigram
and Teesta railway bridge
modification

Loan repayment period
Annual O&M @ 3%

Replacement fund @ 8.5%
over 50 years

Net project benefit p.a.,
sce Chapter 3.8 (Tk7,560)

Net project benefits p.a.
(Tk7,560 x 74,000 acres
5.3 acres

=Tk 169,527,272.cf.

item (9) above:

Note that no benefit from

a fodder crop is included

in this)

=% 351520’000

P

=

£
£

$

30 years
1,065,600
51,976

472

10,595,454

Increased O&M and replacement costs will be

offset by increcased 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 beneflits arc based on present

value.

No benefits gained {rom completion of

the

Kurigram access road, 33 kv transmission line

to Kurigram or modification of the Teesta

railway bridge. This is conscrvative.

3 - 153



Then:

Annual Benefit Cost Ratio

Annual cost - loan redemption - H 3,305,156
O&M = § 1,005,600
replacement = % 51,976
—_—_ 0 /(0
$ 4,422 730
Annual project benefits = $ 10,595 454
« "+ Annual benefit-cost ratio = 2.4
during loan repayment for
30 years
Annual benofit—cost ratio = 9.5
alter loan repayment for
20 years
Total Benerit Cost Ratio
Total cost - 1oan redemption, = g 99,154,680
30 yoars
0&M, 50 years = $ 53,280,000

8 2,598,800
?]55,033,480

replacement

I

Total benefrits 10,595,454 x 43
+ 10,595,454 0.5 x 7

$492,688,611

«". Total benefit - total cost = 3.2
ratio at end or Project
life

Internal Rate of Re turn

Ignoring annual variations in benefits and
costs, and refinements jn culcu'lat.ion, Lthe
average internal rate of return over the
Project life will he somewhere between
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10,595,454-4,422,732 and 10,595,454-1,117,576
35,520,000 35,520,000

or 17% 27%

Sensitivity analyses were performed for the Report on

the following basis:

- 10% increcase in benefits, 10% decrcase in costs

- 10% decrease in benefits, 10% increasc in costs

The results were:

Optimistic Pessimistic
Benefit-cost ratio 16.5 11.2
@ 10%
Internal rate of return 140% 100%

Scnsitivity analyses arc usually carried out to deter-
mine the ctfect of variations in certain inputs which
for various recasons cannot be accurately cstimated.

Thc analyses serve to highlight those inputs which

are most critical to success of the project, and there-
by enable project management to foresee and 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

that the results be plotted as curves covering the full

range of possible shortfalls.
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reductions in fertilizer supplies
variations in paddy price

variations in paddy yield

variations in the shadow exchange rate

increases in farm labour ratce as the
surplus labour is progressively
cmployed,

incrcases in the price of inputs
increases in construction cost
increases in construction time

increases in time taken to recach full
forecast becnefits

increascs in power costs (fuel costs
if diesel tubewells used).
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CHAPTER 4

SUMMARY OF ADEQUACY OF FEASIBILITY STUDY AND REPORT



CHAPTER

SUMMARY OF ADEQUACY OF FEASIBILITY STUDY AND REPORT

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 tcch-
nically feasible. The Consultants, however, consider
that the best use of available data has not hecen made,
that several major problems must be addressed before
project implementation 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
Dudhkumar flows can be resolved, the project recom-
mended in the Report is technically feasible. Also,
that the benefit-cost ratio and the internal rate of
return will be high, although 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 trans-
mission line to Kurigram, and on how rapidly full
development can be achieved. The latter will depend
on how well the Government prosccutes the entirc under-
taking, and on the management structure established

for the project,.



CRITICAL DEFICIENCIES

In Chapter 5, it is rccommended that a pre-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
rectifiied. Some of these inadequacies arc commonly
taken up by the international lending agencics and
by the Government, for example, the management and
organization of the project, and canrnot 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 critical 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 rcasonably firmly ostablished;'

- water diversion requirements should be Tfirmly

established;

- Guarantees should be oLtained from India that

India will not jeopardize thesec requirements:
1 | H



if guarantees are not obtainable, contingency
plans should be 1laid for using alternate water

sources as may be necessary;

semi-detailed (minimum) soil surveys and land
classification should be undertaken, if not

already available;

the necessary improvements in agricultural sup-
port services for the North Unit should be
determined with the Government, and provisions
made for making these improvenments in the pro-

ject area. See Chapter 3.3.6.7.

the basic operation and maintenance system for

the completed project should be established with
the Government, and any neccessary studies re-
quired to cnsure that the North Unit is effective-
ly operated and maintained included in the projecct.

See Chapters 3.6.9 and 3.3.06.7.

the full scope of the project should be esta-
blished and the basic Government/lending agency/
consultant organizational system possitively

laid down;

practical guarantces 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.

projecct economics should be updated,
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RECOMMENDATIONS



CHAPTER 5

RECOMMENDATIONS

GENERAL APPROACH TO IMPLEMENTATION

The North Unit is an isolated self-contained area,
physically scparated from adjacent areas in Bangla-
desh., The lack of amenities in the arca is almost
total, and to realize the forecast benefits it will
be necessary to provide a considerable amount of that
basic infrastructure which is often alrcady present
in an area when irrigated agriculture is introduced.
It is, therefore, recommended that the North Unit
projcct 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
- clectrical power supply
-~ tele-communications

- and possibly rural elecctrification



Bangladesh is clearly in neced of urgent assistance with
its agricultural development program. Extensive tube-
well development has already been undertaken, but it is
not yielding the forecast benefits because of a lack of
adequate operation and maintenance procedures. The
current IDA deep tubewell project will add considerably
to this problem unless adequate steps are taken to pro-
vide a sound operation and maintenance system, ADD

are contemplating - an extensive use of shallow 1ift tubo-
wells which will compound the problem, Low 1lift
irrigation pumps operating from rivers and beels have
been emphasized in the past, again without prior ecsta-
blishment of an c¢fficient operation and maintenance
system. At the present time it is reported that 15,000
out of 412,000 low lift pumps are operational and the boro

season is two months away.

The Consultants believe that because of these opera-
tion and maintenance problems, which arc unlikely to
be resolved in the near future, a development of the
North Unit using as little mechanical cquipment as
possible is to be favoured. Ify on re-analysis of the
tubewell and surface watoer irrigation schemes, the
tubewells appear to be cconomically justificed, carcful
attention must be given to the present and future

national maintenance problems before making a decision.

It is considered that the long term irrigated agri -
cultural development in Bangladesh requires a mix of
short-term interim developments combined with Long-
term and ultimately more productive developments,  The

North Unit is in the latter category.
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ADDITIONAL EVALUATION REQUIRED

As discussed in Chapter 4, it is considered that the
Report is not complete enough for international financ-
ing applications. It is rccommended that the data in

the Report, amplified and modified as nccessary, should
be used as the basis for preparing a Definite Plan report
which presents all relevant project data to a standard
acccptable to the international lending agencies. This

report would

- establish project aims

- eliminate major development options

- establish scopce of project

- present basic layouts for the major physical
components of the project

- establish basic project design criteria

- present project cost estimates, and construc-
tion schedules

- establish construction and development schedules

- establish project output targets

- establish project level and farmer level
cconomic benefits

- identify necessary manpower, physical and
financial inputs

- establish implementation and completed project
operation and management systems and agency
responsibilitices,

- identify contraints to achieving projects aims,
output targets and beneflits

- identify risks



When preparing this report, proper attention must be
given to the items which international lending agencices
consider important, and to published guidelines, so that
the time between appraisal and loan agrceement is mini-
mized. Typical examples of the points commonly addressed
are given in Appendix D, It is recommended that cach

of the potential lending agencies be approached at the

commencement of this report work to obtain their general

agrecement on the scope of work.



SUGGESTED IMPLEMENTATION PLAN

It is recommended that a consultant expericnced in
accelerated irrigated agricultural development in

countries similar to Bangladesh be rectained to pre-
pare, in close cooperation with the Government and
USAID, a Definite 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

ficld surveys and investigations

6 months to have essentially fixed the

project layout

10 months to have finalized cost ecstimates,
established project organization,
and issued draft Definite Plan

report

12 months to have reached agrcement with the
Government on all major issues and

finalized Definite Plan Report

The success in meceting these dates will depend
on the degree of teamwork developed between all

concernaoed groups.

Discussions with the Indian Government and the Joint
River Commission should start as soon as the diversion

requirements are fixed.,



Djiscussions with the consultants for the IDA deep tube-
well project should be started as soon as-possible to
defer installation of the 20 deep tubewells assigned

to the North Unit. Use of thesc wells for demonstra-
tion purposes is not recommended unless a tubewell

development is ceventually sclected for the North Unit.

Foundation investigation at the pump stations, ifl
these are required, should commence as soon as the

major development options have been eliminated.
p I

It AID dintend financing implementation of the North
Unit, the first steps towards loan agrcement could
probably be taken towards the end of the 6th month
when the project layout will be essentially fixed

and adeguate cconomic analyses will be available,

Hydraulic model studiecs for the Pateswari pumping
station should be initiated as soon as all development
options have been eliminated, and their climination
agreced with BWDB., Topographic survey work for the
model should start as soon as it is decided to procced

with this suggested implementation plan,

It is recommended that the cousultant be retained with
a view to having him continue with final design if the
project is implemented, In this way, the consultant
would be able to plan accordingly and considerable work
towards {inal design could be done during preparation
of the Definite Plan repert. YFor example, design of
the fflood embankments could be finalized and o start

made on construction of the embankments under the Food



for Work Program. As thesc embankments would be only
partially complected for scveral flood seasons, pre-
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 adcecquate tele-communications, and provision of
suitable air and road transportation facilities for
project staff is rcecommended, Design and implementa-
tion of the project will be seriously hampered for as

long as these facilities are not provided.
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AVATLABILITY OF HYDROLOGICAL DATA FIGURE 5-2

September 1975

RIVER STATION STATION PER1OD DETATLS OF PUBLICATION REMARKS
NO. .
S Daily Water Level Discharge
Dudhkumar Pateswari G.D. Since 1960-62 WSP 148 1960-62 WSP 148 Prior to 1964
1960 1965-64 wWSP 278 “9635-64 WSP 278 discharge taken
1964-73 H.Y.B. 1964-75 H.Y.B. mostly weckly.
1973 to date un- 1973 to date un- After 1965
der processing. der processing. Mmean daily dis-

charges taken.

Dharla Kurigram G.D. Since 1946-58 wWsp 65 1964-58 wsSP 65
1946 1959-61 WSP 154 1965-61 WSP 154
1962 WSP 175 1962 WSP 175
1963-64 WSP 236 1963-64 WSP 236
1964-75 H.Y.B. 1964-72 H.Y.B.
1975 to date un- 1972 to date un-
der processing. der processing
Taluksimulbari Since 1960-61 WSP 154
1960 1962 WSP 175

1963-64 WSP 236
1964-73 B.Y.B.
1973 to date un-
der processing.

Brahmaputra 45 Noonkhawa G, Since 1057-58 wWsp 55
1957 1959-61 WSP 102
1962 WSP 192
19635-64 Not published.
19641 -735 H.Y.B.
1973 to daote un- R.D.A.
der processing.
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RIVER

Brahmapuura
(cont.)

STAT1ON
NO,

=

45,5

46

46.7R

46.9L

46.9R

STATION

Chilmari G.

Kamar jani G.

Kholabari G.

Kristomoni G.

Bahadurabad
Transit
G.D.

Fulchori
Transit G,

PERIOD

Since

1957

Sincec
1957

Since

1964

Since

1964

Since

1964

Since

1949

DETATLS OF

PUBLICATION

Daily Water

LLevel

Discharge

1957-58 Wsp
1959-61 wWSP
1962 WSP
1965-65

1965-73 11.Y.
1975 to date
under proces

1957-58 wsp
1959-61 WSp
1962 wsSP
19635-064

1964-735 H.Y.
1973 to date
under proces

1964-735 H.Y.
1973 to date
under proces

1964-735 H.Y.
1973 to date
under proces

1964-73 H.y.
19735 to date
under proces

1964-73 H.Y.
1973 to date
under proces

55
102
192
B.
sing.

58
102
192
B.
sing.
B.
sing.

B.

sing.,

B. 1966-72 H.Y.B.
1972 to date
siag. under processing.

B.

sing.

REMARKS

Not published

R.D.A.

Not published

R.D.A.
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RIVER STATION
NO.
471,
47 .3R
47 3L

Teesta

STATION

01ld Bahadura-
bad G.D,.

Patilbari Q.

Jognaichor G.

Kaunia G.D,

Kligonj G.

Since

1949

Since

1964

Since

1965
Since

1945

Since

1948

DETATLS OF PUBLICATION

Daily Water

l.evel

1949-58 wsB 18
1959-61 WsSB 102
1962 WSB 192
1963-065 WSB RDA
1965-73 H.Y.B.
1975 to date
under processing

1964-66 H.Y.B.

1965-73 B.Y.B.
1973 to date
under processing.

1945-58 wWsp 27
1959-61 WSP 94
1962 WSP 209
19635-64 RDA
1964-73 H.Y.B.
1973 to date

under processing. under processing.

1948-58 wsp 93
1959-61 WSP 94
1962 WSP 209
1963-64

1974-735 H.Y.B.
1973 to date
under processing.

REMARKS
Discharge

1949-58 wsp 18
1959-61 WSB 102
1962 WsSB 192
19635-65 R.D.A.
1965-66 H.Y.H.
1945-58 wsp 27
1959-61 WSP 94
1962 WSP 209
1963-64 R.D.A.
1964-75 H.Y.B.
1973 to date

R.D.A.



NAME OF STATION PERIOD DETAILS OF PUBLICATION

Evaporation

1. Mahipur Since 1962 1962-64 WDP 248
1964-73 H.Y.B.
1973 to date under processing.

2. Rangpur Since 1961 1961-64 WsSP 248
1,64-73 H.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 19673 WSP 266
1964 WSP 285
1964-73 H.Y.B.
1973 to date under processing.

2. Lalmanirhat Since 1962 1962 WSP 227
19673 WSP 266
1964 WSP 285

1964-735 H.Y.B.
1973 to date under processing.

3. Kurigram Since 1902 1902-50 WsP 9 Monthly
1961 WSP 170 Daily
1962 WSP 227 Daily
1963 WSP 266 Daily
1964 WSP 285 Daily

1964-735 11.Y.D.
1973 to date under processing.

4. Ulipur Since 1902 1902-50 WSP

9 Monthly
1961 WSP 170 Daily
1962 WSP 227 Daily
1963 WSP 260 Daily
1964 WSP 285 Daily

._,
~

1964-73 H.Y.
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, 1964 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.
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Figure 3-4

EVAPO-TRANSPIRATION OF LOWLAND RICE (1)
Quantity and Units Listed Country Unit Reference
in the Original Source or Arca mm/day No.,
Wet secason, 1.8 mm/day Cambod ja 4.8 172
Dry scason, 0.6 mm/day Cambod ja 6.6 172
From 600 to 650 mm/crop China 5.0-6.5a 126
season
From .2 to 8.3 mm/day India .2-8.3 162
From 400 to 766 mm/season India 4,0-5.1 47
Per scason, 035 mm India Q.O-Sula 191
From 4.0 to 6.0 mm/day Indonesia 4,0-6.0 84
Over 8.0 mm/day Iran 8.0 85
Wet scason, 218 to Laos 5.0 134
3.9 mm/day
Wet season, 5.0 mm/day Malaysia 5.0 87
Dry scason, 5.5 mm/day Malaysia 5.5 37
From 8.0 to 11.8 mm/day Pakistan 8.0-11.8 104
Below 7.0 mm/day over Surinam 7.0 75
long periods
From 600 to 650 mm per Taiwan - 5,4-.5,9 127
110 day scason
From 380 to 830 mm per Thailand 5.0—6.0a 154
scason
Wet secason, 5.1 mm/day Thailand 5.1 208
Subtropics, 7.0 mm/day Japan 7.0 214,219
I'rom 5.0 to 7.0 mm/day East Asia 5.0-7.0 214,219
per scason, 25.57 inches S.E. Asia 6.2 57

Estimate of
made rom
from
1970,

Extract
Kampoen

source other

Cornell

than

the daily evapo-transpiration
the one indicated.,

University thesis by Jacob



WATER REQUIREMENTS FOR LAND PREPARATION IN LOWLAND Figure 3-5
RICE CULTIVATION (1)
Land Initial
Location Total Time Scedbeds soaking flooding Refercence
mm da)" S mm mim mm
Cevlon 530 - - - - 12
India 230 - 250% 200 - 46,66
India 230-390 - 199-400% 210-350 - 188
Japan 130 - - - - 14
Malaysia 225 - - 125 100 38
Malaysia 176 - - - - 133
Surinam 420 - - 300 120 75
Taiwan 120-150 20 - - - 55
Taiwan 200-210 20 200° 150 30 2273
Thailand 300-400 - - - - 134
S.E. Asia | 220-240 - 250—400a 150-200 - 134
a. The total quantity in mm required for seedbeds is
divided by a factor of 15 to 25, according to the
scedbed ratio, to obtain an average water require-
mentit per ha.
(1) Extract from Cornell University thesis by Jacob

Kampen 1970.



Arca

North Unit

Kurigram
Sub-Division

Kurigram
Sub-Division

Kurigram
Sub-Division

Cropped Areca
Inundated

FLOOD DAMAGE

Cropped Arca
Damaged

Year 5q. Miles Sq. Miles
1967 31 (269%) 15
1972 264 72
1973 1,150 874
1974 173 110

Figure 35-6

ESTIMATE
Lives Cattle People
Lost Lost Affected
Nil 3,937 200,000
26 700 3,048,670
2 134 107,710

Depth &
Duration
of Flooding

Up to about 6°'.
Up to 50 days,
see hydrographs
in Report.

Normal 2'-3!
Abnormal 2'-7"'

3-10 days
5'-3"
7-10 days

Normal 2'-
Abnormal 3
5~-10 days

31
|_6|_



KURIT GRAM

PROVIECT

Compari=on of

mnit

Costs

Figure 5-7

Kurigram Feasibility

ADB

(Khulna Road)

USATD/Dacca

for

Item Unit Repor-t Kurigram
Tk Tk Tk
Earthwork
canals 1,000 cu. ft. 60
embankment s 1,000 cu. ft. 80 390 150
structures 1,000 cu. ft. 60 150
Concrete
1:4:8 10G cu. ft. 900 1,700
1:2:4 100 cu. ft. 1,200 4,000
Land Acre 5,000 10,000 (farmland)
Resteel ton 5,500 8,000 8,000
Fabricated Struc-
tural Steel ton 9,000 10,000-12,000 15,000
Cement ton 1,000 1,000
Bricks 1,000 700-800 650
Brickwork 100cu. ft. 1,600
Sand 100 cu. ft. 100 200 (Sylhet) 100
Stone 100 cu. ft. 250 (rip rap) 800 (crushed) 500 ( boulders)
500 (pitching)
Tubewcll 1 No., 160,000 (2 cuscc, IBRD, 1970, 2 cuscc, 50,700 (2 cusec,
250 rt. deep, | Tk130,000 @ Tk16 = 200 ft. deep,
Pg. VIII-29) &1 incl. pump housec)
177,000 (3 cusec,
250 ft. deep’,
Pe, VI11I-2Y)




APPENDIX A

FLOOD RECORDS
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FINAL FLOLD RLTORT OF 1974 1N KURIGHAN SUB-DIVISICH:

510§ Tire of flecd {Totsl area Totnl cre- -h‘otal acres ef Severaly nffe:ted}lo.—o? ;o;e;‘;az T hie. et ;e:pie_ﬂ;e:ci ‘or eresien] Ee;t; of T
Neo.) cccurence dura-{ef floes in- rred area j}ench tyye ef creps Tnanae ef arep bond,brid:ea,cul— inffscted by Jef floed Contrel floodine.
ticn of floed. jluding nor- danmdg ted. gamnge X percentage erts,railway line (flced & less ambkt. & bank of
nl fierizrg acaged of each ¥ structures partly {ef livestocks jrivers etc.
floeded nreg Crop. or wholly damage. human lives
S - N 3 4 5 G i 8 9 o
Fren 1.d.le f LOT eqe 1o dan, 1714 I Aprroxigate(16 83. lgUlixur. Home-ataad 2000 1,07,710 Nes. Thana Council & Normal
Jure te lpat waal i e, miles acres Berrew 2/Chilmiri. Thana Council & affected. Union counecil floed .
of Caytaidey,/Te. paddy 30% demaged. Z;Rovm&ri. Union Council read , , - embkt. abeut 2'-0"te
3 ta 0 dexs, Approx. (44 sq. miles)d)hurigram. Approx. =400 miles ¢ '°%° 8l 12 piles. 30"
281.60 acres Aua paddy 5)lageowari. Bridge = 30 log. 1ive lest.
. about 134 Nes. About 150'brick
30% daunged. 6)Bhurangapari. Akemtx
7§!hulbari. cattles les. . rattressing Abnorral
Approx.OiS.OOO acres damaged. floed
ute. S0% jute damsged. . N a1
ipprox. 15% 6q. niles 8)Lalnonirhat. 3'te 6'-3
= 97320 acres Aman
Paddy= 50> danaged. Chilmari ,Rewmari

Begining the floed Aus paddy &f Jute has been
the Amon paddy has been affected includin
damaged maxizum. So,

Aprrex. 20 gq. miles =
12800 acres Amen g

& parts of Kurigranm,
Ulipur,Nageswari &

seedling = 205 dacaged. Lalnenirhat Tharas
were worst effected.

affected and darcaged. But in
€ area of Aus paddy and jute.
the crops area or crops daraged shown in repetedly.

the middle of the flood seasen
Ae such the Aren paddy has been

/-
Executive Engineer,
Kurigran W.D. Division,Kurigram.



FLLAL REYCRT

I i Rale

FVD; CF THIS SHASION 1G73,
c plotsles,

( Cins: lidated rerort ¢f 4 flood cccured in 16735)

«Q = s oey, g A N P —_— - .
ﬁl't‘l-’ wotet.d cocurpnes o ?qul aren CX& 2l Yintal acrenne ;~-\erel\ { o, of boneutand, §ic. of vecile fireach or ero- {bejth of
#0. tupaticn ot flred. g f}“7dcd irclud crejred  §of apch tiis  lafrected § reado,bridres i “fected by I aicn of fleed friocding.
g { ant neorial Q_nren for creyn dana— {Thatag. Q culverta,Kailway Qt e flred &} centro” rmikt.f *
3 !ltadvd area virnindatae? frag - tercen— § I lines « structures fl:ps of live § bpnk of rivers }
g § 2R sy . mlleay ftnge darasmed |} g yartinlly of brecks & bin | ete.
X f of each crop. ) wholly dnramrd.  § -an lives, |}
1. 1st. floed : Juna/73 1220 fg.miles. 1190 Sq. lAprrox.(240  KURIuikgM SUB-DIVN,
= 7 te 10 daym. niles. Sq.niles) 1)kurigran. . :
= 1,53,600 Acra. 2)Chilmari. 1100 Nos. house  30,48,670 Nes.
- P ] toAue (B v ’ ’ . ' '
2. 2rnd. fleed Aug ut/73 Jute 3CE damﬂzﬂ-BgUlipur. were fully damaged. % pile g.v 5'te 3
= 7 to 10 days. 4 )Rowmari. 26 Kos. human
2)Approx (440 Sq. i _
J.2rd. flced :-Sept/7} miles)2,81,600 Acre gg;h;iggzig ¢ gzl;ert; 2 N:s' live were lest
2 o dava. : Au ddy S0 b e Abeut 70C HNos.
T e dnys. 8 racdy ob ECSWATL:  Bailway= 50 " different type
.. . , . damaged. 8)Bhurangamari. ef cattle were
4th flood Cet/73 =4 daye 3)Approx.630 sq.niles) NILFHAMARL SUB-DIVN., “a“d=5'°5 lest.
2)Dinla. « miles.

=4,03,200 acres Z)Jaldhnka.

Amon seedling 60% 3)hichorganj.
danaged.

RANGIUR_SADAR SUB-DIVH:
4)appr. (273 Sq.mi lel)lm

=1,74,720 acrs.Amon 2) Gangachara,
paddy 75/ damaged. 3)Kaunia.
8)Kaliganj.
S)tateran.

GAIPANDHA SUB-DIVN:
1)Gaibandha.
2/Sundarganj.
3)Pirgacha
4§Shaghntn.
5)thulchari.

s/

Executive Engineer,
Kurigran ¥.Y, Division,Rurigran.
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AL RTPORT 7N FLCOD OF THIS SSA50M 1972, IN THE DI ICT AF RANG UR.

e oy =Y 1]
- g : g xifilaizsug $$~ﬁfpdh T:vazev’rely acfacted LT0-_ { ic. of neopld Yrench er 2rosicn of #lood Popth
Ay T Sy ieted oot 2T Mo ran of creod ~ols, | 2Frectcd by § control TRk, Bank of of floo.
3 ! t e j Lrerts, lite Flood & } rivers ete. dinz.
{ PRl T Lo . ©incr 4 losn of iive :
q : PYlooded 1red 8 T i 3tocks & S
H H { amoged. numan lives {
R : { ) {
S S 33 : 3 } 5 X3 7 3 g 70
1. 616 =2q. suri, i Tub-Tivision. Heze-stead 2 [akbe There was gevarsz erorion  llormul
miles. =41,930 loc, {App-ox. ) in the erez of urba hallbari =2° 4«

ol ldmerl PLS. & adjacent loe2lity of Linmla 3%

Bridge & cvlverts peoples

N~ 3 - 2 e
wywrard  F.S. = 7% los. affocted. Te3, ydadlizast & 22 :
Ulicir TL.0.(Tartly) Live-stocks Mohlpur lornia « odjo 2l
il " " =3%,937 llos. area of Sangicuara P.S.
- ' Hurag-.cha 'm‘ cdincont aven 2' to
¥ rilrhanasi Sub-Divn. of Rawnia P. & ne-r T %
3) Jute <9,030 Phulchary F.co.
acras 50% 1) farin P.S.
dannged. T e " ) There as orid;
2} daldhaka ¥ovmia, Phwlsiari flocd
3} Kickorgenj "(Partly) ecbikt, necr Cuitandha &
damag? in rig:t tank Guide
buﬂdh & Dimle: P.S,

1) ilidandka P.S. "

2) Cunrghara " -
3) I'alisan]d " "
” n

TPA.

2 (Partly)
S'“dirganj "
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APPENDIX B

MASTER PLAN DETAILS OF
KURIGRAM PROJECT
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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.

S1ncere1y yours,

\M;J/’/ /
( E/’Sign;1e1d

Contractjing Officer

Chief, OTR Branch

Centrat Operations Division
Office of Contract Management

Enclosure: a/s
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SCHEDULE

I. AID PROJECT TITLE

Architect and Engineering Services, Multipurpose Water Resources,
Rurigram Flood Control and Irrigation Project, Evaluation of Feasibility
Study - Northern Unit

II. ORJECTIVE

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 Bangladesh firm, TCEL,as it relates
to the Northon Unite.

IIT. SCOPE OF SERVIGES

In accomplishment of the above, the contractors water resource
engineer shall review the preliminary draft of the feasibility study
prepared by TCEL, dated February 8, 1975, No. EGP/l1l, and shall

prepare a report which evaluates the feasibility study.

The evaluation will be made from information obtained by:

(1) Visiting Dacca and conferring with officials of USAID, the
Government of Bangladesh Water Development Board and TCEL, and others
as approonriate,

(2) FExamining the project area to assess physical conditions
on site.

(3) Reviewing in detail the pOL‘tiOﬂS of the repo:t which relate
=)
to the Northern unit,.

The review shall consider but not be limited to assossing:

(1) Adequacy of the surface and ground water supplies for the
alternate projects. In making this determination, the contractor with
concurrence of USAID may call to service his ground water hydrologist,

(2) Identificatien of the practical and physical probiems associated
with cach alternative,

(3) Adrquacy of engineering and gcological information.

(%) Adeguacy of agronomic and climatological data and appro-
priateness of its application to cropping forccasts in the report.

(5) Adequacy of construction costs and project benefits.

(6) Adequacy of the economic analysis.



(7) Adcquacy of report to meet requirements of international

lending agencicsye

If this review fails to produce a complete cvaluation of the study,
the Gontractor shall furnish recomnendations as to how the cvaluation
should be undertaken, with personnel and time requirements.

If the feasibility study is found to be critically deficient in
auy way, the contractor shall prepare a scope of work for services
necessary to covrect the deficiency.

IV,  KEPORTS

The final repert shall be submitted in ten copies to USAID/Bangladesh
and Lten copiles to the cognizant technical office.

Vo o REIATIONSHIPS AND RESPONSIBTILITI ES

For the accomplistment of the consulting services to be performed in
bDangladesh under this work order, the Contractors team shall be respon-
sive to the technical directions of the Government of Bangladesh,
water Developrent Boards  The AID liaison official will be the USAID/Bang-

ledesh Assistant Dirvector for Gapital Developinent.

VI. IDGIsTIos SUPPORT
USATD/Banladesh shall supply in kind, or provide local currenc
. pp ’ p
for the procurement of, office space, office equipment, and trans-
portation In country,

VII, T&RM OF PERFORMANCE

Eff cctive Dates August 1, 1975
Estimated Cempletion Date: October 10, 1975

VIII. FSTIMATED LEVEL OF EIVORT

TITLE N0, MAN=DAYS FINED DATLY RATE TOTAL
Water Resource Engineer 30 $239.41 $7,182.30
Groundwater Hydrologist 10 210.69 2,106,90

TOTAL $9,289,20



1X, ESTIMATED COST

Total Fixed Rates $ 9,289,20
Total Other Direcct Costs® 3,710.80

TOTAL $13,000.00
Ceiling Amount $13,000,00

* Includes provision for per diem international travel envoute, telephone
and tclegraph, visas, report preparation, medical examinations and
inoculations, and out-of-pocket expenses,



APPENDIX D

TYPICAL INTERNATICHNAL LENDING
AGENCY APPRAZSAL FORMAT
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