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ABSTRACT

A mathematical model ﬂas been Aeveloped using linear
programming optimization technique which can be used to nptimizé
the total command area and the total yield of any irrigation
'projecé. The developed model was applied to Teesfa Barrage ?foject
Lo determine the opfimal écreages, aoptimal yields and the best
transplanting date of HYV T; Aman grown under suppleméntal
irrigation condition. The model also predicts'the critical periods

of the availability of water from Teesta river.

In wodel development, the field application efficiency and -
the overali irrigation efficiency have been calculated for
seepage und percolation rates: 3 and 5 mm/day for Barind Tracts
and 6 and 10 mm/day for Floodplain areas, fér Average reference
crop evapotranspirafion‘raﬁe: 4.64 mm/day for Barind Tracts and
4.56 mm/day for quodp]ain areas of the project area and for the
canal systems and the field canal efficiency values of 85 percent
each. The h&version.requirements at the.head regulator have been
calculated using simple dynamic water balance equation for
irrigated rice. Other necesséry input-data have either been -
oﬁtained from_literatupﬁ or collected from project site and field

level cxperimental farms.

The results of the model application reveal that for optimal

iv




acreages, optimal yielﬂs and the hest'irrigatioﬁ plan of Teesta
Barrage Project, crop étaggering approécﬁ should be adopted as
land management prﬂcticé.iThe'optimallacrcages aﬁd_optima] yields
were found to be dependent on seepage and percolation rate,
transplanting dale, land management practice and the avgilabi]ity
of Teesta flow. The optimal yields were alsa dependent on the
yvield daté of the va;iety of rice used. Tﬂe optimized command area

through crop staggering approéch is 744,227 acres which is 64.5

percent of total area availableifor Aman cultivation. The optimal

yield is 1,10i,159 tons which corresponds te the BR-~3 variety of
Amla Farm, Kushtia. The optimal transplanting dates are 21-30 June

for total fallow Barind Tracts in zone-II aﬁd'zone—III, 11-20 July

for 19,018 acres. of Floodplain land in zone-1, 21-31 July for

35,148 acres of Barind Tracts in zone-III and 1-10 August for the

remaining irrigable acreages.

-The-findings of thé moedel provide a reasonable irrigation
plan alongwith optimal acreages and coptimal yields of Teesta

Barrage Project and can be used for planning future irrigation

'development.x
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CHAPTER 1

INTRODUCTION ‘

1.1 Background Information

Use of surface water for irrigation is an age-old art as
civilization. The pressure for survival and the.need'for
additional food supply are causing the rapid expansion of
ir;igatién throughout the whole world. This is particuiarly true
for a developing country like Bangladesh which is passing through
acute shortage of food for her teeming millions. Bangladeah
stretching over 35.31 million acres and 1y1ng in the confluenco

of the three great rivers-of the world - the Ganges, the

‘Brahmaputra and the Meghna, has a population of about 105 million

people (BBS, 1986). Out of the total land, the cultivable land is
only 23.21 million acres. In recent years, the population growth
rate has been higher than that of food production. So, the
deficit.of food grains would be fulfilled by importing food grain

in every year. It is estimated that by the year 2000 Bangladesh

. will have a population of about 140 m11110n with a corresponding

food Erain requirement of 27 m11110n tons (MPO, 1984 & Planning
Commission, 1986). Thus cecreal production should be increased to
feed the rapidly growing population. Moreover, the economy of
Banglad;sh is highly dependent on agriculture. Land use pattern

of Bangladesh over last few years indicates a decreasing trend in
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the availability of cultivable land due to the expansion of
habitat and the increcased development activities in the rural
areas. Hence, the main thrust of agriéultural expansion_cqn come
only from increased pr;ductivity through the application of
modern agricultural practices - the use of irriéation water to
crops, new and better seeds, better and fuller use.of fertilizers
and pesticides, drainage and flood protection. In agricultural

development, efficient usc 6f water plays a vital role.

The Third Five Year Plan (TFYP) of Bangladesh (1985-90)
aims at achieving a food grain production of 20.7 million tons in
the terminal year 1989/90 against a bench mark level of 1G6.1
million tons in the year 1984/85 (Planning Commissionf 1985). It
has alsoc been estimated that the total food grain produced will
be enough to feed the frojected population by the end of 1990
and make the country self-sufficient in food. The development of
ﬁangladesh agriculture is fundamentaly tied to ;ice, to its
production and its price. To make the country se}f—suffcient in
food, the use of irrigation water in rice fields with expanded
cultivation of high yielding varieties (HYV) of rice supported by
intensive managemant will act as one of the quickest and surest
means of increased production. But uboutl20 percent of the total
cultivable area is now undar irrigation and the rest is cultivated

under rainfed condition (BBS, 1986), The rainfed cultivation is

highly dependent on the mercy of pature.




In total, Bangladesh has abundant water regsources. The
sources of these water resources are the river inflo@ from India
and rainfall within the country. Most of the inflow occurs in the

/ ' monsoon months and can not be stored for dry months because
suitable reservoir facilities are not available. Mean annual
rainfall in the country varies from 1400 mm in the northwest to
over 5000 mm in the northeast (MPO, 1985). However, ninty percent

.
of this rainfall occurs during four monsoon months froﬁ June to
September. Rainfall is scarce and highly unpredictable during the
moenths of October to May. Therefore, drought of varying
intensities occurs almost-in all parts of Banglaqesh during
October to May period'and-hence irrigation is a pre-requisite to
extend the €rop growing season over the entire Year. Moreover,
uneven periodical distribution of water stresses the importance of
ailocation of water seperately for each period. Insufficient
allocation of irrigation water not only causes.the nmenetary losses
but ﬁetards agricultural growth to a great extént. Efficient

allocation of scarce Wétcr resources in irrigation projects would

ensure the best possible gain from the available resources,

Efficient allocation of available resources of any system
can be well done by using optimization tedhniques. There are a
gdreat pumber of optimization programming models. But the most
commonly used models are the Linear.Programming (LP) and Dynamic

Programming (DP) models.. For better utilization of the available

resources of the irrigation project, linear programming model is




widely used throughout thé world due to its linear
charactcristics, the capability of handling very large system
efficiently and the availability of LP algorithm as a

pre-programmed or canned package at most computer installations.

In Bangla&esh,.there are a largernumber of irrigation
projects which are eithér on—-going or now unaer construction. The
on—going projeqts include Ganges-Kobadak Project, Monu River
Project, Chandpur Irrigation Project, Muhuri Irrigation Project,
Karnaphuli Irrigation Project, North—Banglédesh Tubewell Project,
Bérisal Irrigation Project, etc. Teesta Barrage Project and Pabna
Integrated Rural Development Project are two of the largest
irrigution projects undertaken by BWﬁB and are currently under
implementation. But optimization approach.was not appliea in any
of these projects. In the present study, a linear mathemétical

model has been developed for an irrigation system for maximum

utilization of the available resources.

The idea of utilizing water of Teesta River for irrigation
of the north-western districts of Bangladesh dates back to British
‘period. Systematic investigations started from that-time. An
initial plan for irrigating 1.12 million acres of project area was
formulated in 1955 by diverting the Teesta flow. Subseqdently, fhe
plan was revised to incréase the project area on thé basis of thé
recommendations of the feasibility reports of the consultants. Two

separate feasibility studies for the Teesta Barrage Projecl were

AN
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conducted in sixties — fhe first one was prepared in 1960 by M/S.
Haigh, Zinn and Associates in colleboration with the Associated
Consulting Engineers Ltd. and the second one was prepared by M/S.
Binnie and Partners in 1969. Finally, the project was undertaken
by BWDB in 1980 for implementation as per decision of the then
Government on the basis of the recommendations of the feasibility.
study conducted by M/S. Binnie and Partners in 1969. The purpose
of the project is to provide supplemental irrigation to high
yielding varieties (HYV) and local improved varieties (LIV) of
rice'during Kharif-1II season (from July tq Noyember). Irrigation
to the Rabi (Boro) and Kharif-I (Aus) crops to a limited area
might be provided depending on the availability of water. The
project is proposed to cover a gross area of 1.85 million acres
and a net area of 1.335 million acres. The salient featurés of the
project include construcéion of a barrage across the Teesta River
'ét Doani? along with canal headworks to divert water under gravity
to the canal distribution system and development of a network of
irrigation end drainage systems over the entire project area to
deliver irrigation water to the farms and to drain out the excess

water.

1.2 Scope of Study

The purpose of this study is to develop a mathematical model
to maximize the total commanq area and the yield of an irrigation

project which can be uéed ag an effective tool for the planning of




irrigation systems. The developed model will be appliéd to Teesta
Barrage Project where the development of irrigation facilities is

still at planning stage.
The specific objectives of the study are

1. To_develop a linear mathematical model for Teesta
Barrage Project in order to maximize the total command
area and the yield. .

2. To apply the model for the determination of an optimal
trangsplanting date for a rice-grown in Kharif-1I1I
season with irrigation.

i ' " 3. To apply the model predicted results for determining
| the suitable irrigation plan for Teesta Barrage
Project, |

4., To predict the-effect of seepage and percolation
rates, cropping practices and the probability levels
of Teesta fiow on optimal-acreages{ optimal yields and

the irrigation planning of the project.

1f the model developed is found to be suitable and valid for
Teesta Barrage Project, theén it could be used in future planning

of similar water resources projects for effective utilization of

the resources through irrigation.




CHAFPTER 22

REVIEW OF LITERATURE

In modern agriculture, water plays an importaﬁt and vital
role. 1t is, therefore, essentiai to have the qptimum use of land
and water resoufces._Iﬁ many'countries, with the need to feed a
rapidly g¢growing population, both land and watér for irrigationk
are becoming scarce resources. Thus, the problem of choosing'ghe
optimal acreages for crops to be grown in view of limited
resources is becoming increasingly important. For optimal
planning, design, construction and operation‘of schemes, it is
necessary to apply the systems approach or analysis, thch is now
a common prectice in many parts of the world. The technique has
also been applied to selecl a mix of crops and to develop an
irrigation plan. However, such systems approaches are seldom done
in many developing countries like Bangladesh, where crbpping
pattern is chosen arbitrarily based on the experience of past,
and intuition of future price and demand of crops. Moreover,

irrigation planning is also'designed traditionaly.

fhe purpose of this chapter is to review the basic
principle of systems approach, the solution procedures of systems
analysis and the application of systehs approach for irrigation
project planning in différent parts of the world. The

mathematical modeling techniques in irrigation planning have also



been reviewed for the selection of a suitable technique to be

used in present study.

2.1 Systems Approach-

2.1.1 .Definition:

The definition of systems approach was given by d1fferent
authors in different ways. But the abstract of each definition is
more or less the same. Some of these definitions are presented

Helow.

Accordlng to Hall and Dracup (1975), systemé analysis may
be defined as the art and science of selectlng from a large
number of feasible alternatives, involving substantial
engineering content, that particular set of actions whlch will
best accomplish the overall objectives of the dec131on makers,
within the constraints of law, morality, econémics, resources,
pglitical, life and other natural sciences. By this definition,
systems approach is concerned with only one phase of the total
task of the water resources engineer — that of decision ﬁéking in

relation to planning, design, construction and operations,

According to Biswas (1976), systems epproach may be defined
as an analytical study that helps a decision maker to identify

and qelcct a preferred course of action among several feasible




R

alternatives. It is a logical and éystematic approach'wherein
assumptions, obJect1ves and cr1terla are clearly defined and
sperlfled He also mentioned that systems analysis had added a
totally new dimension to the sclence of policy-planning and

decision-making.

'Haifh (1982) defined systems approach as the study of

collection of things that function together.

Aétua]y, systems énalysis is a prdblem-solving technique
wherein éttempts are made to build a replica of a real world
syatem of situation, with the objective of experimenting with the
replica to gain some insight into the real world problem., The
system is reprséhtéd b& a series of mathemafical expressions in'
éuch a manner‘thét the resulting relatiohships describe the reai
situation. The parameters that affect the system are included, as
well as the factors that infleunce the parameters. The system may
already be in ex1stence or may still be an idea awaiting for
execution. In the first case, the model’s objective is to analyze
the behavior of the system in order to improve its pefformanceﬂ
In the second, the objective is to identify the best structure of
the future system. Therefore, in a.real sense, itAis implied that

a good mathematical.model of a system needs a thorough knowiedge

ancd understanding of that system.
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2.1.2 Stages of Systems Approach:

The stages (Haith, 1982) of the

expressed as:

A. Definition of system and obje

1. Identification of decision

2.

systems approach may be

ctives

maker(s)

Definition of system boundaries and components

3. Quantification of objectives

B. Generation and evaluation of altefnatives

1. Construction 6f an optimization model

a. Definition of decision variablesg

b. Relationships between variables

2. Solution of the optimization model

C. Selection of an alternative

2.1.3 Types of Systems Analysis Model:

The most important type of systems approach model is the

symbolic or mathematical nodel.
model,

Thus, mathematical symbols are used to

are then related by the appropriate mat

describe the behavior of the system.

Sometimes the mathematical formul

In formulating this type of

one assumes that all relevant variables are quantifiable.

represent variebles, which

hematical fﬁnctions to

ation of a system may be
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'too complex and its corresponding solution procedure may be
tedious and_time consuming. In this case, simulation and 
heuristic models are used. Simulation models imitate the behavior
of the system over a period of time. These type of models do not
need explicit mathematical functions to relate variables. The
main drawback of simulation médel is that the hnalysis is
equivalent to conducting experiments and is thus subject to

experimental error.

2.1.4 Elements of Mathematical Model:

Unlike simulation or heuristic models for which no fixed
structure can be suggested, a mathematical model includes three

&

basic sets of elements:

1. Becision variables and pérameters — The decision
variables are the unknown to be determined from the
solution of the model. The parameters represent the
controlled variébles of the'sysfem. In general, the
parameters of the model may be deterministic or
probabilistic.

2.'Objective function - This defines the measure of
effectiveness_of the system as a mathematical function
of its decision variables. Generally, the objective

function aéts as an indicator for the achievement of the

optimum solution.
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3. Constraints or restrictions - To account for the
physical, technological and financial limitations of the
. s8ystem, the model must include constraints which limit

the decision variables fo their feasible values.
Generally, mathematical model may be expressed as:
Optimize

Z = F(Xs5) : o [2.1]

Snbject to

g€i(X5) < bs . _ ' . [2.2]) .

X; > 0 . [2.3)
in which f(X3) = the objective function; X; = the decision-
variables; j = the number .of decision variables; g:(X;) < bi
represents the ith constraint; i = the nunber of constraints. The

constraints X; > 0 are known as the non-negativity constraints,

which restrict the variables to zero or positive values only.

2.2 Solution Procedures for a Syastems Approach

There are two basic approaches for solving systems planning
models - Slmulatlon approach and Optimization approach
Slmulat1on approach is a search procedure that relies on trial-
.and-error to identify near-optimal solutions. Search method

intelligently moves from one solution point to another with the
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objective of improving the value of thg model criterion. When no
further improvements can be achieved, the best attainedlsolution
is the approximate soiﬁtion to the médel. The difficulty with the
simulation approach is that there is often a frustratingly large
number of feasible solutions or pléns. The advantage. of this
approach is that this approach is able to solve water resources
systems planning models with highly non-linear relationships both
for objective function and/or_constraipts. Constréined
optimization procedures are seldom able tp solve or deal with all
the compiexities and non-linearities which are easily

incorporated in a simulation technique.

Constrained optimization approach.ia more systematic and
advanced technique. Optimization algorithms include'a diverse set
of techniques fhat uses matrix algebra and advanced calculus.
Optimization techniques include Lagrange multipliers, Linear
Programming, DBynamic Programming, Quadratié\programming,
-Geometric Programming, etc. Each of these and other constfained
optimizatiion solution Procedures are highly dependent on the
mathematical structures of the water management models. The most
commonly used optimization techniques in water resources systens

planning are Dynamijc programming and Lipear Programming.

2.2.1 Dynamic Programming:

Dynamic programming, which is denoted as DP is a
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méthematical programming technique that can sometimes be used to L
solve optimization models. It is a struightfofward method
designed primarily to improve the computational efficiency of

certain optimization problems. The procedure consists of breaking

down a problem into a series of smaller problems that_are solved

+ .

=

in a sequential and cumulative fashion. DP is adaptable to both
linear and non-linear models. In addition, discontinuocus

variables and functions cause no particular difficulties with DP.

.The common characteristics of optimization models that can

R

be solved by DP are:

I
? ‘1. It must be possible to visualize the model as a series
of sequential decisions.
1 2 The.return from any stage must be a fﬁnction only of the.
) decisions made at that stage and the state of the system
at that stage.

3. There must be a presence of one or more resources that
are to be allocated. Moreover, the number of resources
to be allocated must be'smul]._

B The main.disadvantage of DP is the "Problem of

j Dimensionality“_or the "Curse of Dfmensionality" (Bellman, 1957).
)‘ There is no étandard algorithm or canned computer program for
wt | solving DP problems. A new algorithm or computer pProgram is

usually developed for each UP model .




2.2.2 Llinear Programming:

Linear programming, which is denoted by LP is a class of

mathematical models concerned with the efficient allocation of

limited
meeting

mathemat

resources to kmown activities with the objective of
a desired goal. It is simple but verylefficient method of

ical programming. The distinct characteristic of LP

models is that the functions representing the objective and the

constrai

nts are linear and all variables associated with the

models are non-negative. The diverse application of LP are in the

following areas:

a.
L.
c.

d.

A

Production planning
Inventory

Water quality managemeht
Project planning
Transportation problems
Assembly balancing

general linear programming model in a more compact form

is usually defined as:

Optimize

[2.4)
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Subject to

: . N . .
/ ' Tai;*X; (£, =,or ») by i=1,2,3, . . M [2.5]
) Jj=1 ) ‘ -

X; 2 0 j=1,2,3, . . N [2.6]

where, Z is the objective function value; C;, asj; and b; are
constants determined from the technology of the problem; X; are
the decision variables; N is the number of decision variables and

M is the number of constraints.

By using matrix notation, the general LP model may be

eXpressed as:

Optimize

z - c1xl [2.7)
Subject to

[ALIX] (<, = ,or 2) [b] | [2.8]

(X] 2 0 i , [2.9]

where, [C] is a 1%N row vector of worth,

(€] = [e1 c2 €3 . . . .. . . - TR f2.10]

{X] is an N¥1 column vector of decision variables,

[X) = (X1 X2 Xa . . . . . .. . . Xu]’; . {2.111]

[A}] is an M¥N technology coefficient matrix,
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all a1l 2 aira . . . alnN
a2 gz 2 aza ., . ‘. a4z N
(A} = laa:1 @3z asa . . .  aaw [2.12]
F
- k]
am1  aMz  aMa . . . amn|

and [b] is an M¥1l resource contants column vector,

(bl = [by b2 ba'. I TR [2.13]

Becauge LP models are presented in a variety of forms i.e.,
maximization or minimization for the objective function and (X,
=, or 2>} for the constraints, it is necessary to modify the above
mentioned forms to fit the solution procedure. For this purpose,’
the commonly used forms are the standard form and the canonical
form. fhe standard form is used directly for.solving‘the moﬂel,
while the canonical form is pérticulgrly useful in presenting

duality theory.
The characteristics of the standard form are:

1. The objective function is of the maximization or
minimization type.
2. All constraints are equations except for the non-

negativity constraints which remain inequalities
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i.e., > 0.
3. All decision variables are non-negative,
4. The right hand side element of each constraint

equation is non-negative.

Ineqﬁality constraints can be changed tb équations by
augmenting i.e., adding the left hand side of each such
constraints by & non-negative variable known as slack or surplus
variable. Slack variable is associsted with £ constraint, while

surplus variable with 2> constraint,
The characteristics of the canocnical form of LP are:

1. The objective function is of the maximization 6r
mipimization type.

2. All constraints are ;f the  type for the maximizing
objective function and of the > type for the
minimizing objective function. |

3. All decision variables are non-negative.

LP models can be solved graphically and by using LP
algorithms. The graﬁhical approach is a more straightforward way
of obtaining optimal solutions but it is limited to LP models
with two variables only. The most commonly used algorithm is the
simplex method. The simplex_mefhod is an aigebraic Procedure used

to examine extreme points efficiently. This method is based oh-




1g-
lthe theory of simultaneous linear equations and is available as a
prée—-programmed or canned package at most computer installations.
Therefore, once an LP model is formulated, it can be rapidly and
easily solved by comput;r. An important feature of a linear
pfogramming is that it can he used £0 solve very large models,
even thousands of variables and constraints. No other
mathematical programming method has a simillar capability.
Ancther most important characteristic of LP models that is very
ﬁseful in post-optimality or sensitivity analysis'is the
existence of dual LP models. Every LP model has a garallel or
dual model that can be used to generate additional information
about the problem being studied. The objective of duality orlthe
analysis of the dual LP models is to quantify the marginal values

associated with constraints of primal LP models.
. One of the significant disadvantage of LP is implied by its
name. That is , it can only be used for optimization models with

the linear objective function as well as the linear constraints,

9.3 Systems Approach for Irrigation Project Planning

¥

The systems approach or analysis for an irrigation project
eﬁvisages development of variuos alternatives, their evaluation
and comparison. The alternatives have to be studied over a wide

range Qf performances. This could be expedited by using

mathematical programming.
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Many researchers have applied mathematical Programming

techniques such as linear and dynamic.programming_to irrigation

planning and other Tarm management problems. In reviewing the

role of operation research techniques in farm management, Hutton
(1965) discussged the application of these pProgramming terhnlques
in choosing the cropping pattern. A number of papers have been
published in different journals (Cummings et al., 1970 and Rogers
et al., 1976, after Bari, 19856, Chaudhury et al., 1974; and
Lakshminarayana et al., 1977) where linear and dynamic
Programming were used to determine the optimal cropping pattern
and the schedule of releases from surface water_and that of
bumpage from ground water.-Other researchers (Hall et al.f 1965,
after Bari, 1985; Dudley et al., 1971 and 1972) presented dynamic
Pprogramming models to determine the optimal allocation of water

to crops assuming the production function (yield versus ‘water

applied ) to be known.

Soltani-Mohammadi (1972) conducted 8 study of the problem
of ch0031ng 1rr1gat10n techniques i.e. » conventional modern
surface irrigation (labor inlensive) and portable or semi-
Portable sprinkler 1rr1gat10n (capital 1nten51ve) in a newly
developing agricultural region of Ira An LP model was devcloped
to select an adequate system of irrigation in two 1rr1gat1on
projects in Iran, The analysis of the model indicated that under
the specified conditions and assumptlons a portable or semi-

portable qpr1nkler qystem would prove to be economically superior

1

\
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to maudern surfacé irrigation for the development of new lands.
However, in lands where a modern surface irrigation system has
already‘ﬁeén installe&.it is not feasible to transform to
sprinkler system. This model wés also tested‘for "Dez Irrigation

Project" in Khuzestan region of Iran.

Sarkér and Maji (1976) attempted a study to develop aﬁ
optimal drainage programme and a cropping pattern consistent wifh
the most efficient use of available rescurces through the
applicatiop of linéar programming for an existiﬁg canal
irrigation system in India. The objective of the model developed
by them was to max{mizc the net economic return subject to the
area, canal capacity, reservoir capacity and resources

availability constraints.

Singh and Sirohi (1876) developed an LP model for optimal
'allocation of canal and tubewell water among crop areas. The
developed model has been applied for the command area of "Upper

Ganga Canal". The objective function of the model was to maximize

.the net economic return subject to the canal and tubewell water

supply constraints, waler budget constraints, canal capacity

constraints, land, fertilizer and cropped area contraints. The

result of the model indicated that the total cropped area

increased considerably and the total returns in the optimal plan

increased by 24 percent over the existing plan in the canal

command area.
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Singh et ai.(1976) developed an LP model, which has been
used as an analytical tool to determine optimum area undef
different.rabi season crops at Haryana Agricultural Uniéersity
Farm, India to maximize the net profit on a command aréa of 70 ha
for a canal outlet having discharge of 1.19 cusecs. This model is

very relevant to the present study. The mathematical statement of

this model can be written as:

. X ) ) |
Max. Z = ICj*X; _ ' ' [2.14)]
J=1 ’

subject to

K
Iaij*Xy < bij; 1 = 1,2,3, {2.158]
j=1 : '
X5 > 0 - J=12,3, . . . . . . K {2.18]}
in which Z = the total net profit, C; = net profit from an unit

of jth activity, X; = the level of jth activity, aijy = amount of
ith input required per unit of jth activity, and,b1_= the
- quantity of ith available reséurces. The analysis of the result
indicated that the optimum area of 30.3 ha, 21.3 ha and 16.7 ha
under wheat, gram and lentil respectlvely gave a max1mum profit -

of Rs. 114053.60.

Saksena and Chandra (1978). conducted a study for a
p‘ development of optimal cropp1ng pattern in the command area of

/ : ' “"Upper Ganga Canal" alongwith planned conjunctive use of surface




23

and ground water. They formulated an LP model as Smith (1970,
after Saksena et al., 1978) to maximize the annual aggregate
benefits subject to the cropped area constralnts, reservoir and
tubewell capacity constraints and resources availability
constraints. The model was solved by IBM 360 computer for ten
crops and four decision variables. The results of the study
indicated that to increase the irrigation intensity to itsg
ultimaﬁe value (200 percent) more surface water should be needed
Jin the command area. The'study also demonstrated that to increase
., the agricultural proeduction and to avdid waterlogging and
-salinity problems conjunctive pPlanning of surface and ground

water should be done.

Kumar and Khepar {1980) conducted a study to.demonstrate
the usefulness of alternative levels of water use over the fixed
vield approach when there is a constraint on water, The water
production functions ysed in this study were square root and
quadratic type. The fixed vields model developed by them is an LP
model. The model w1th alternative levels of water use is linear
except the objective function which is seperable into a gum of
convex functions of individual variables. The objective function
of the model was to maximize the annual net returns subject to
constraints on the avallablllty of water and other inputs. The
models considering fixed Yields and alternative levels of water
use were applied an a selected canal command areasa (Kotkapura

dlstrlbutory, Ferozpur district, Punjab) having a discharge of 45
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1/sec to determine the optimal cropping patterns. The conclusion
of the study was that a]térnative levels of water use was
superior to fixed yields for optimal utilization of land and

walter resources.

Veduia (1981) carfied out an intensiverstudy for the
optimal irrigation planning of the Cauvery River basin in
peninsular India which was extensively developed in the-
downstream reaches and had a high potential for development in
thé upper reaches. A twelve seascon (monthly) LP model was
formulated to find 6ptimum cropping pattern for the-reservoir
éystem in the upper basin. Two models were formulated, one for
the four reservqir system agd another for the three reservoir
system. For both the models, th;ee objecfives viz., maximiziné
(1) the net benefit fromlagrfculture, (2) the total-irrigatéd-
cropped-area and (3) the total reservoir diversions weré studied.
Thgvtrade—off relationships between fhe first two objectives were -
also discussed. The decision variables'considereq.by him wefe the
cropped area (ir;igéted ana nonirrigated) and the constraints
were storage capacity, storage continuity equatidng, land
availability and downstream release constraints.-

Kumar et al. (1982) analysed the problems.aséociated wi£h
Gandak Command Area. They developed an LP model to maximize the
benefits of the farmers with the cénsideratidn of the constraints

due to the demand of existing—sugar industries in the study area,
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availability of water and the needs of the people.

A regional, optimization model of municipal waétewater
treatment and reuse in irrigatiop was presented by Pinar and
Yaron {(1986). They developed the model to maximize the region’s
income subject to the éonstraints - the available production
factors, a given technologies of agricultural production,
wastewater treatment technologies, prices and environmental
regulations. The model was applied for a small Ramla region on
the coastal plain of Israel and sclved for bbth'non—cooperative
and cooperative conditions. The optimal solution enabled to
reallocate the fresh water quota among the different land
sections, to cultivate new land areas, an& to expand the

irrigated crops by using effluent.

A study was conducted by Faux et al. (1986).to.demonstrate
the versatility and usefulness of "the interactive river basin
"network flow-computer model called MODSIM2 for improving the
performance of existing complex irrigation/hydropowér projects.
MODSIM2 model was applied to the Upper Pampanga River Integrated
Irrigation.System (UPRIIS) of the Philippines. The problems
studied Sy them are examples of pPlanning future capacity
expansion, maximizing firm energy in a system primarily oriented
to irrigation supply, and developing oﬁerating rules to guide

real-time management under multiple objectives.
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An LP model) was developed by Glen (1986) for an ihtegratéd
crop and intensive beef production enterprige. The overall
approach of this study consisted of Fhree optimization models in
series, namel& a ration formulaton LP model, a DP model for costs
and quantities computation and finally an LP model. The total

model was run on an IBM 3081 computer and the cattle feeding

-policy and the crop production policy were developed. The size of

the model was such that it was not suitable for use by individual

farmers, althoﬁgh it could be used in research and extension

services.

In Bangladesh, the optimization technique has not been
widely used in irrigation planning in order to maximize use of
available rescurces. A few number of research papers have been

published for the situation of Bangladesh. Some of those are

pPresented below.

Smith (1973) performed a system analysis in a situation
where there was conflict between the sgregrate consumption and
the food grain self-sufficiency objectives. He developed a linear
programming model, éonsisting of the water balan;e of generélized
i?rigution system, to meximize the present value of additional
agregrate conéumption benefits of the project. The model was
applied for an irrigation project in Bangladesh, where an aquifer
of high potential underliQS'the project area anq ground water

exploitation to supplement the surface water is ‘possible, to
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determine the project configuration that maximizes net benefits.

Elias (1977) presented a paper in which he developed a
multiperiod LP model specially for a projéct where the facility
of irrigation in dry season and drainage and flood control in wet
season is available. This model can be used to select a cropping
pattern for a command area. The objective of the model was the
maximizatién of the net return from the command ares due to the
constraints of liﬁitcd availability of fesources. The model‘was
emperically tested on the Dhaka—Naray;nganj—Demra (DND)
irrigation préject in Bangladesh. The model decided the optimal
cropping pattern which would give maximum return under limited
land, water, labor and nitrogen availability and also decided the
optimal number of pumps required to drain out excess rain water .

during wet season. .

Bari (1985) developed a mathematical modeling approach (LP)
of determining optimal cropping pattern .suitable for the
situation where both land and irrigation water are scarce
resources. The objective function of the formuiated model was to
maximize the net economic return from c;opping activity. The
model was solved using available data for Bangladesh. The output.
of the model solution included cropping patern, .allocation of
irrigation water by month and by crops, yield of crops, etc. The

sensitivity analysis of the model was done by parametric linear

Programming.
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In terms of current inte;est in the'agribpltural sector of
Bangladésh, a great deal of attention is being focussed to
increase agricul£ural production and to attain sélf—sufficien;y
in food graiqs..So, there is a great need of optimization
analyses and that of mathematical models for optimal allocaton of
agr:icultural land and irrigation watér. It is with this view in'

mind that this study has been taken up.




CHAPTER 3

BASIC CONSIDERATIONS OF MODEL DEVELOPMENT

The performance of any irrigation system is - optimized when
the suitable moisture level in the root zone-soil is maintained,
and. the evaporation, surface run-off, and seepage and percolation
losses are minimized. For optimum utilization of the available
resources of s;ch-system; a mafheﬁatical modeling approach should'
be applied to predict the system performance @n terms of command
area.and c¢rop yield from a given set of known physical ana

operational parameters.

In this chapter, the hydra—meteorological and soil
characteristics of the area to which thé developed mocdel is
appliéablé are evaluated first to quanfify the available
resources of the area and to predict the dependable rainfall. The
cfop irrigation water requiremcnts; overall irrigation-
efficiencies  and diversion‘requiréments at head régulafor are

calculated and presented here. -

3.1 The Study Aresa

3.1.1 Location and Topography:

Teesta Barrage Project is located in the north-western
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region of Bangladesh. The project area extends from lat;tude
24°-48" to 26°-05' north and l_ongitude 880-47" to B9°-32’ east
and covers partly the Area of Nilphamari,‘ﬂangpur, Gaibaﬁdha,
Dihajpur, Joypurhat and Bogra districts. The project is proposed
to cover a gross area of 1.85 million acres (BWDB, 1985). The
Project area can be divided into two parts each having
_charécteristic topographical features differing from the other.
The slightly higher area on the western part of the project is
called Barind Tract which has steeper land slope of abéut 2.5
ft/mile, while the Floodplaié area to the east haé A more ﬁild

land slope of about 0.5 ft/mile.

3.1.2 cClimate:

The climate of the project area is characterized by two
distinct seasons - the wet season from'June to September and the
dry season during the rest of the year. The project area is
climatologically represented by the average of the three
principal meteorological recoraing stations namely Bogra, Rangpur
and Dinajpur., Annual mean rainfall of the project area is about
1900 mm. Almost 80 percent of the rainfall occurs in the monthsz
of June, July, August and September. During the months from
November to April evapotranspiration greatly exceeds the
rainfall. The distribution of mean monthly rainfall and average
reference crop evapotranspiration of the project is shown in

Fig. 3.1. The dverage maximum monthly temperature ranges from
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Fig. 3.1 Bar Diagram Showing the Distribution of Mean Monthly
Rainfall and Reference Crop Evapotranspiration of
Study Area.
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25°%°¢ in dry season to 34°¢ in wet season while-the-a€erage
minimum temperature varies from 109¢ in dry season to‘25.5°c in
wet season. The average relative humidity-varies f:ém 95 percent
to 78 percent in wet season and from 93 pércent to 44 percent in
dry se;son. The average wind_speed of the project area ranges
from 35 km/day to‘105 knm/day. The sélar radiation of the project
area is favourable for the intensive cultivation of HYV,cropé

throughout the whole year,

3.2 Resources Quantificatioﬁ

3'2'1. Water Résources:

The irrigation development is mainly affected by two
climatic factors - réinfall and evaporation. The main source of
water supply for meeting the water requirement of the crops in
the project area is rainfall. The mean annual precipitafion of
the project area varies from-l500 mm to 2400 hm. The distribution
of mean annual precibitation‘of the projeét area is shown in
Fig., 3.2, On the basis of mean annual precipitation, the total
project area can be dividéd-into three distinct hydrologic zones

(BRTC, 1986). These are shown in Fi1g.3.2 and given below.

1. Zone-I is the northern zone where the mean annual
precipitation varies from 2100 mm to 2400 wm.

2. Zone-I11 is the central zone where the Mmean annual
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precipitation varies from 1800 mm to 2100 mm.
3. Zone~III is the southern zone where the mean annual

precipitation varies from 1500 mm to 1800 mm.

In addition to rainfall, other sources of water supply for
fulfxllng the water requirement of the agricultural crops in the
Project area are surface water and ground water. There are
numerous rivers, streams and flood-channels io thc project area
(Fig. 3.3). The majority of thenm carry little or no water in the
dry season. The Teesta is the only river available to fhe project

which has a considerable flow throughout the year.

iptil now a large number of studies have been carried out
by diffeyent consultants and auéhorities {M/S. Haigh, Zinn and
Associates, 1960; M/s. Binnie_aod Partners, 1969; BWDB, 1984 and
BUET and BWDB, 1987)‘to quantify the water availability to the

project.

.M/Sijﬁaigh, Zinn and Aqsoc1ates (1960) mainly concentrated
their study on water availability considering the maximum
dischargos of Teesta River in order te decide upon the design
critefia of Barrage. They analyoed the data of the discharges of
Teesta River for the years 1946 to 1958 and computed average -

dlscharges on ten day basis. The results are presented in

Fig. 3.4.
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M/S. Binnie and Partners made a study of the avallablllty
of flow of Teesta River by analysing the data for the years 1961
‘to 1967.:They estimated average discharges of Teesta River on ten
day basis. The result is summarized in Fig. 3.4. They also
considered émall rivers and‘dréinage channels within theiproject
area aﬁd mentioned that Deonai-Charalkata and Jamuneswari-
Karatoya river systems could act as auxiliary -sources of surface
water for‘irrigation.AThey gdathered information about ground
water resources of the project area mainly from the reports ;f
Lackner (1965) and Russo (1966) and it was observed by them that
oﬂe of the major source of irrigaéion in the Floodplaiﬁ of the
pfoject area is ground water. They formulated the irrigation
planning consideriﬁé that irrigation requirements in the
Floodplain will be met from éround water and in the Barind Tracts

from the flow of Teesta river.

. BWDB (198B4) made a detailed study on the availability of .
irrigation water from the flow of Teesta river and analysed the
discharge of Teesta river at Dalia for the years 1961 to 1980 on
a ten daf basis. The discharges at 50 percent probabilit& level
are summarized in Fig. 3.4. They did nat undertake ahy study.on

the évailability of irrrigation water either from other rivers or

ground water sources.

BUET and BWDB (1987) conducted Jointly an elaborate study

on the availability of irrigation water from the flow of'Teesta
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and other internal river systems as well as from the ground water
resource of the project area. They analyzed the discharge data of
Teesta river at Dalia for the years 1961 to 1984 on the basis of
‘ten day period. They estimated the ten day flow of Teesta_rlver
at 50 percent and 75 pércent probability level. These are

preéeﬁted in Fig. 3.4.

For the.pregsent study, the teh daf discharges of Teesta
river estimated Jointly by BUET and BWDB (1987) have been faken
as the available flow of Teesta River. It is undérstood from the
sharing agreément on'?e;sta flow with India that Bangladesh will
get 36 percent bf the total lean period flow for irrigation at
Balia. Considering this fact, the available 50'percent and 75
percent depgndable Teesta flow for irrigation have bgen compﬁted.

The results are Presented in Table 3.1.

3.2.2 Soil Pattern and Land Use:

The project area is formed by the deposition of three-
dlfferent purent materials, namely piedmont alluv1um, Teestin
alluvium and Barind tracts. Piedmont alluvium ére develobed by
unconsolidated subrecent sediments laid down by the rivers
draining the foot hills of the Himalayas. Teesta aliuvium is
underlain by recent, subrecent and older flood piain sediment of
- Teesta river and-its tributaries. Barind tracts present older,'

somewh?t compact alluvium termed Madhupur cleay. According to the
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Table 3.1 Available Flow of Teesta River for Irrigation
{May to November).

Month Period . Avaiiable Teesta Flow (cuéecs) at
5% Probability ' - T75% Probabiliiy

May 21-31 .~ 7,980 - 5,700
June o 1-10 10,700 | 7,460
I1-20 13,730 10,900
21-30 20,530 14,700
July 1-10 29,000 19,500
11-20 31,500 21,200 .
21-31 33,100 - 23,300
" August 1-10 ‘ 23,000 . . 17,600
11-20 20,690 16,600
21-31 ' 22,200 | 17,860
September  1-10 21,800 | 16,500
©11-20 24,200 | 14,900
21-30 18,600 14,600
. October 1-10 13,100 9,300
11-20 11,000 6,600
21-31 7,800 ' 5,450

November 1-10 5,800 _ S 4,150

Source : BRTC, BUET and BWDB, 1987




. reconnaissance soil survey ;onducted by erstwhile éoil Survey
Directorate, presently_fhe Soil Résource'nevelopment Institute,
in the'lage sixties, the project area'copsists of 75 soil
aséociafions as shown in thé soil association map (Fig. 3.5). The
soils of the project area are d;ep andlthe texture ranges from
-sand to clay. Most of the soils are suitable for irfigation. The
relief of the project area is variable but well within the limit

of irigation management.

According to the above mentioned soil survey report, the
land of Teesta Projéct area may be broadly classified ‘into two
catagories viz.,.(a)‘Floodplain and (b) Barind Tracts. The

catagories of land classification are shown below.

Gross. Area (Acres) Percentage
a) Teesta Alluvium Floodplain 1,100,000 60%
b) Barind Tracts . ._750,000 40%

‘Total: 1,850,000 100%

According to the hydrologic zones mentioned equier, the

type of area under each hydrologic zone has been estimated as:
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BANSLADESH

LEGEND

TEEST OLDER MEANDER FLOODPLAN

Ebay ULDER MEANDER FLOODPLAN
t . DOMAR ASSOCIATION
2 DOMAR-SRIRANPUR ASSOCIATION
3 .D0MAR-DANGACHARA ASBOCIATIOM $MOOTH
RELIEF PHASE
4. NOMAR ~GANGACHARA ASSOCIATION —
{RREGULAR RELIF PHASE
8. PIRAACHA - GANBACHARA ADSOCIATION
SMOCTH RELIEF PHASE
G PIRGACHA~GANBACHARA ASSOCIATION
IRREGULAR RELIEF PHASE
"T.JALDHAKA— DIMLA ASSOCLATION
10, QANBACHARA - PIRABACHA ~ KAUNIA
ASSOCIATION SMOOTH RELIEF PMHASE
1l. QANGACHARA - PIRGACHA — KAUNIA
ASSOCIATION IRREGULAR RELIEF PHASE
I3 QANGACHARA - SRIRAMPUR ASSOCIATION
14. GANGACHARA - KAUNIA ASSOCIATION
LB MAJPARA - IMADPUR ASSOCIATION
18 IMADPUR -NMAJPARA ASS0CIATION
17. PIRGACHA — BANGACHARA ASSOCIATION
20. GANOACHARA ~ HASNABAD ASSOCIATION 1
2L FARARARI = AAMAACMARA ABSOCIATION T8
25. FARABART.— KAUNLA ASBOCIATION
26. FARABART — LASKARA ASSOGIATION
KARATOA -TEESTA MEANDER FLOODPLAIN
27.POLABBARI -~ F ARABARI~BONARPARA ASIOCIATIN s
B0. QABYAL) —BONARPARA ASSOCIATION
LITTLE JAMUNA MEANDER FLOODPLAIN
31. DOHALI -~ MANDA ASSOCIATION
TEESTA OLDER FLOODPLAIN BRIDGES
34. GANGACHARA ~ BIRGANJ ASSOGIATION
' 38, @ANGACHARA—MENANAGAR - SRIRAMPUR ASSOQCIATION
36. POLASBARI-FARAPARI-DALIADANGA
KARATOYA - BENGAL] MEANDER FLOODPLAIN
41, JLIPUR = KAUNIA ASSOCIATION
PIDMONT ALUVIAL PLAIN
i M4 . PIRGACHA — DOMAR ABSSOCIATION
| 4a‘. JAMURA — SALANDER ASSOCIATION
) COVERED BARIND TRACT
47. BHIMPUR - BANG/ CHARA ASBOCIATION
PARINDG _1RACT
48. KASHINPUR ~-QANGACHARA ABSOCIATION
42.BELABO ~ NOADDA ASSOCIATION

B0.0HANCRA ~ BELABO A3S0GIATION
81. CHANDRA ASSOCIATION

SH.IELARO ASSOCIATION

38. HOADDA-—MIJHURI ASSOCIATION
85 EXDALA —LAUTA ASSOCIATION
G8. LAUTA -CHARKAI ASSOCIATION
71 BELABO ABROSIATION, CULTIVATED PUASE
T2 AMNURA -~ BELARDO ASS50CIATION

T3 AMNURA - EXDALA AB30GIATION

MIXED BARIND TRACT AND TEESTA ALLUVIUM
74: BAHAPUR —GANGACHARA ASSOCIATION
78. QANGACHARA — AMNURA ASSOCIATION

; SOURCE ~RECONNISSANCE SOIL SURVEY
REPORT S.R.D.I.

SHANTAHAR

3.5 Boil Associations Map (Teesta Barrage Project).
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Hydrologic Zone . Grosg Area {Acresg) in
| Floodpiéin : | - _Barind Tracts _ .
Zone-1 421,250 0
Zone-11 . 516, 065 | 212,575
Zone—TI1 . 162,685 : 537,425
Total: 1,100,000 750,000

Grand total = 1,850,000 Acres

Land use pattern in the prOJect area’ over last few years
1ndlcates a decreasing trend in the avallablllty of the
cultivable land. This might be due to the expansion of habltat
and the increased dovelopmental act1v1t1es 1n the rural areas. It
is observed from the recent figures of the Bangladesh Bureau of
Statistcs (BBS, 1986) that-about 80 percent land in the Barind
Tracts is cu1t1vab1e whereas this figure for Floodplain arcas is
about 72 percent. In view of this trend, the availability of land
-for cultivation in futuré will not increase rathér decrease. In
post project céndition it is réasonablé to consider that about 70
percent of Floodflain lands and 76 percént of the Barind Trécts
may be available fqr-cultiyétion {BUET and BWDB, 1987). According

to this fact, the total cultivable area in each hydrologic zone

comes out to be:
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Hydrologic Zone' . Cultivable Area (Acres) in
Floodplain Barind Tracts

Zone-1I 292,960 o .0

Zone-I1 358,900 | 161,557

Zone-ITI 113,140 408,443

Total: 765, 000 570,000

Grand total = 1,335,000 Acres

According to the recommendation made by BUET and BWDB
‘(1987), it is observed that out of—total cultivable area, about
1 87.5 percent area of Floodplain and about 94 pPercent area of
] ' Barlnd Tracts mlght be brought under irrigation, The remaining
area can not be brought under irrigation because the contours of
f - these area are very high. Since Teesta Barrage Project is a

gravity irrigation project it is not feasible to irrigate these

elevateq areae.' Therefore, the celtivable area for irrigation
becomes:

' ﬁydrolqgic-Zone . ‘Irrigable Afeé (Acfes) in

Floodplain | Baried Tracts

Zone~-1 285,939 | 0
Zone-I1 " 350,299 | 151,794

/ " Zone-ITI 110,429 - 383,761

| Total: 746,687 535,555

Grand total =" 1,282,222 Acres.
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Present cropping practices and cropping pattern in the
projeét area mainly depend on the vagaries of nature. From the
available data on crop statistics for the years 1974-75 to
1981-82, BWDB t1985) mentioned that the cropping intensity wag
increased from 162 percent in the year 1974-75 to 178 percent in
the year 1981-82. They proposed the cropping intensity as 198_'
percent during post project condition. The pfoject area is |
predominantly a rice growing area. Other important_crops in the
project area are jute, wheat, tobacco, sugercane, potato,
cilseeds, spices etéi Hiée will be the main crop'grown in the
project area. Out of the three varieties of rice-(Aus, Aman and
Boro) the predominant variety in the project area is Aman, which
occupies about B85 pefcent of the cultivable lands in the Barind
Tracts and about 80 pércent in fhe,Floodplain areas (BUET and |
BWDB, 1987). For the presgnt study, HYV Transplanted Aman (T.
Aman) has beep selected as the crop t0'be:grown during the p;ét,_
project condition when supplemental irrigation will be provided.
According tc-thé recommendation made jointly by BUET and BWDB
{198B7), it can be confortably presumed that 90 percent of fhe

j ' _culti%able land under irrigafion command may be brought under HYV
T. Aman cultivation. Considering this fact the total T. Aman area

becomes:,
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Hydrologic Zone . T. Aman Area (Acres) iﬁ
Floodplain ' Barind Tracts
Zone-TI . 257,345 ‘ 0
Zone-I1I 315,269 136,615
Zone-I11 . 99,386 ' 345,385
Total: 672,000 . | 482,000

Grand Total = 1;154,000 Acres,

For better utilization of the available water resource and
optimization of the commaﬁd area, crop staggering apbroach withl
early transplantation should be adopted ag éropping practice.
This crop staggering is . possible only in those areas where HYV T.

Aman can be transplanted earlier, It jig observed from

land uﬁder Bogra canal remains fallow during Kharif—I’season.
(BWDB and BUET, 1987). In this fallow Barind land HYV T. Aman can
be transplanted earlier than normal transplanting. This is -
possible in case of HYV T.'Aman which is not phpto;sensitiVe Iike
‘the traditional varieties, Conside}ing the above mentioned fact,

the Barind Tracts can be grouped as:
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Hydrologic Zone b Fallow Barind Land .Barind Land

‘During Kharif-1I Season with Kharif-I Crops

(Aqres) . (Acres) .
Zone-1 - 0 . _ 0
Zone-17Y | 72,679 . 83,938
Zone-I11 . ' 241,770 . 103,615
Total: 314,449 167,615

Grand Total = 482,000 Acres

3.2.3 Other Resource Inputs:

In order to develop an optimal irrigation plan of any
irrigation project the irrigation management practice to be
applied depends not only upon the ava1lab111ty of water for

-irrigation and agricultural land but also upon the irrigation
infra~structure, the availability of labor, equipment and
capital, the expertise of the irfigators, quality seeds and
fertilizers used, and insect,‘disease and weed control measures.
For simplicity, all these inputs other than agricultural land éna

irrigation water are assumed to be available in adequate

. _
quantities when required.




3.3 Irrigation Water Requirements for HYV Rice

The requirement of water for a rice crop varies with
seasons, time of sowing/planting, texture and stfucture of the
seil, fertility level of the lgnd and the cultivarg grown. The'
components of water.requirement fpr rice are evapotraspiration,
seepage and percolation ‘and surface drainége. The actual water'
requiremgnf-of a.rice crop during its normel growth period is
primarily for evapotraspiration, butlin applying water in the
field, some seepage, percolation and surface drainage is
inevitabie (Fig. 3.8). 1In addition, water is also required for-

land preparation befﬁre the seedlings can be transplanted.

3.3.1 Land Preparation Requirements:

'Land.prebaratioﬁ for rice cultivation involves soaking the
" root zone soil to saturation and then.ﬁlowing and harrowing to a
puddled condition. It is necessary to — provide a soil surface
~suitable for transplantgtion; mix . organic matter like rice straw,
stubbles and weeds with the s0il to encourage decomposition;

. level the field for uniform distribution of agricultural inéuts
(irrigation water, fertilizers, pesticides etc.) gnd minimize
the water losses by the formation of a puddled layer. Land
prgparation-requires a substantial part of the total watgr
supﬁlied in growing rice. The. land preparation requirement

depends upon the type of soil and the pre-tillage water content
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of soil. Rice fields require about 100-150 mm of water for land
preparaltion and puddling operations {(Datta et al., 1975;

L

Khan, 1979).

BRTC, BUET (1987) suggested to apply 200 mm of water for
land preparation'of both Floodplain and Bariﬁd Tracts of Teesta
Barrage Project, of which 150 mm.ié to ﬁe applied ten days before
transplantation for‘pldwing, land soaking and puddling and the
_édditionﬂl 50Imm in the next‘ten:days in order to kgep gome"
staﬁding Qatef in the field during transplantation. This
suggestion was based on the study ﬂone by Saleh (1981) at BRRI
farm at Joydebpur during the Kharif season. In the present study,
"the aforementioned recommendaticens (BUET,1987) for land

preparation have been taken.

3.3.2 Eﬁapotranspjration:

Evapotranspiration is the combingd effect of evaporation
and transpiration. Evaporation of water takes place from either
the wet so0il, watér surface or plant leaves. While trﬁnspiration
is the water entering plant roots that is used to build plant
tissue or that is passed through plant leaves into the |
atmosphere. The rgte of evapotranspirétion depends mainly upon
the s0il moisture statusnand the weather data i.e.,
temperature, humidity, wind speed, sclar radiation. But

evapotranspiration is essentially indebendent of the stages of



crop plant growth.

There are a great number of methods availéble to determine
or estimate the potentigl evapotranspiration of a reference crop.
These methods are either dfrect or indirect. Detailed.
measurements of evapotranspiration are very time consuming and
expensive: But evapotranspiration data plays a.vital role in
managing water resources and acts as the foundation for the

planning and design of most irrigation schemes.

The detailed calculation of eQapotranspiration is beyoﬁd
the scope of the present research. For tﬁe present stud&,
{he mean monthly evapotranspiration rate as estimated by BWDB
(1985) for Teesta Barrage Project area has been taken. These are

presented in Table 3:2.

As the major portion of the Floodplain area of the Teesta-
Barrage Project is within the greater Rangpur disfrict and that
of the Barind Tracts is within the greater Bogra district, the
evapotranspirations of Rangpuf_and Bogra stations have been
considered as the'repfesentative values for Floodplain and Barind.
Tracts respectively. The values presented in Table 3.2 are
_ potential evapotranspiration of a reference crop. The potential
evapotranspiration of a specific crop can be obtained by relating
the crop characteristics to the potential evapotranspiration of

the referénce: crop. This can be expressed as:
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Table 3.2 Mean Monthly Potential Evapotranspiration Rete
{May to November). .

Month . Evépotranspiration Rate, mm/day
Dinajpur- Rangpur* Hangpur ﬁogra

May 6.5 5.9 . 5.9 ' 6.1
June 4.8 4.4 S.b 4.7
July 4.6 4.6 4.7 4.6

' August 4.4 4.4 4.6 1.5
September 4.5 | 4.5 475 4.3

' October 4.4 -4.3 4.2 4.5

| November 3.4 3.1 3.0 3.8

* Values Calculated By BRTC, BUET Using Modified Penman Method

f ~ Sources: BWDB,1985

BRTC, BUET,1887




ETcreop = Kc * ETr. . . [3.1]

where, ETcrop = Evapotranspiration of a specificlcrop grown 1in
large fields under optimal soil, water and land
- fertility conditions
Ke¢ = Crop coefficient

and ETr = Reference crop potential evapotranspiration.

Crop coefficient, Ke in a specified climatic condition
varies with the development stages of the crop. For rice K¢
values can be obtained from FAO Irrigation and Drainage Paper-24
(Doorenbos and Pruitt, 1984). For the present study, the K¢

values presented in Table 3.3 have been used.

Table 3.3 Crop Coefficient (Kc) Values for Rice.

/ ~ Season Planting Harvest First and Mid- Last 4
. S : Second Month Season weeks
) Wet June— November- 1.10 1.05 0.95
season July December

Source: FAQ Irrigation and Drainage Paper — 24, 1984.

3.3.3 Seepage aﬁd Percolation:

Theoriticaily,fseepage is the lateral movement of sub-
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surface water, while percolati;n is the downward movement of sub-
surface water beyond the root zone to the wqter table. Howéver;
these two terms may be considered together as a collective term,
seepage and percolation, because it is'very,difficuit to
artificially.seperate them in the field and because they occur
simultaneously. The rafe of seepage and percolation is highly
variables and is influenced by the texture and structure of the
scil, depth of the watgr table, topégraphy of land aﬂd density of
drainage network. Seepage and percolation rate is also affectéd
by management factors é;g. puddling of the soil, socil compaction
and depth of standing waterL'Puddliné of the éoil feduces the_

rate of scepage and percolation effectively.

For rice, the cdltural.précyice is to maintain standing
water in fhe field or atleast saturated-soil conditions and hence‘
seepége and percqlastion loss is unavoidable and may be a major
component of tofai water requirements. However, it can be
minimized through extensive puddling of the soil during the land

. preparation period and.évoiding drying and cracking of the soil.
For irrigation planning and design purposes, seepsge and
percolation rate is assumed to be constaht durihg the.normal'

growth stages.

A ¢great deal of research works was conducted to predict
seepége and percolation losses under different field conditions.

From the results of field studies conducted by Kampen, 1970;




Ghani, 1978 and Karim et al., 1983 (after Mirjahan, 1984) it is
found that there is a wide variation of seepage and percolation

rates,

Ghani (1978) éonducted field studies to measure seepage and
percolation loss in Joydebéur, Bangladesh. He gsed watgr
subsidence technique and f}und that the weighted average seepage
‘and percolation rate for clay loam was 1.6 mm/day. Saleh (1981)
determ1ned the seepage and percolation loss for the scil of BRRI
farm at Joydebpur during the Kharif season by applying water
balance approach and found that seepage and percolation losses
varied from 2.52 mm to 3;68 mm per da&.for the Khérif—I (Aus)
season hnd from 4.68 mm to 6.23 mm per day for Kharif-II {Aman)

sSeason.

The te#ture and structure of F]oodp1a1n soil of Teesta
Barrage Project is more favourable for seepage and percolation
losses than that of Barind Trapts soil. So, it is reasonable to
consider higher values of seepége and percolation rate for
Floodplain soil than Barind Tracts soil. For the present study,
seepage and percolation rate has been taken as 3 mm/day and 8
mm/day for Barind Tracts and Floodplain respectively. The basis
is the field study conducted by Saleh (1981) and values of

seepage and percolation rate considered for different projects of

BWDB.
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For sensitivity analysis, another set of-seepage and
percolation rate i.e., 5 mm/day for Barind Tracts and 10 mm/day

for Floodplain has been considered.

3.4 Dependable Rainfall

ﬁffective rainfall refers the useful or utilizable rainfall
atsthe'time,.rate or amount in which it is received. It should be
interpreted as that portion of total annual or seasonal rainfall
which is useful directly and/or indirectly for crop production at
the site where it falls, It »therefore, includes water intercepted
by living or dry vegetation, that lost by evaporation from the
soil surface, the prec1p1tation lost by evapotranspiration during
growth, that fraction which contributes to leaching, percolation
or facilitates other cultural operation either before or after
sowing without any harm .to vield and quality of the principal
crops. The preportion of effective rainfall to the total ralnfall
received depends upon meteorological parameters, land and soil
characterlstics, water management practice,_crop characteristics,

soil water characteristics, etc,

There are several methods or formulae of assesing effective
rainfall. Each method or formula has certain merits and

limitations,

BRTC, BUET (1987) calculated Lhe ¢ffective rainfnll values
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by using the Rainfall-Potential Evapotranspiraﬁion Ratio method
suggested by Dastane (1974) in FAO paper ﬂo—25. For irrigation
-planning; they used the rainfall at 75% probabilit; level as

" .dependable rainfall. The values of the dependable rainfall for
each hydrologic zone are given in Table 3.4. In the present

research work, the effective tainfail values suggested by BRTC

team have been taken.

3.5 Water Balance for Irrigation Water Requirement

The simplest form of dynamic.water balance equatien for a

flooded rice field is:

During the- land preparation period,
WDi = WDi-1 + IR:; + RN: - EW, — (S&P): — SDi [3.2]
During the normal growth period,

WBi = WDi-1 + IR; + RN; - ETi - (S&P)i - SDj [3.3]

where, WDi, WDi-1 = total depth of water in the field on ith and

(i-1)th day respectively.

IR; = Ifrigation water on ith day

REN: = Rainfall on ith day

EW: = Evaporation from wet surfacé'on ith day
{(8&P);i = Seepage and percolatién loss on ith day
SDi = Surface drainage due to excessive rainfall or

irrigution'on ith day’
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Table 3.4 Dependable Rainfall of the Study Area at 75 percent
Probability Level, mm (May to November).

Month Period . Hydrologic Zones_
zone-1 zone—-I1 zone-IJ11

May 21-31 36 28 24

June 1-10 44 35. 24

| 11-20 70 57 44

, - 21-30 43 | 3z 26
' July 1-10 . 78 55 45
11-20 g7 57 | 54

, 21-31 j 64 65 44
_ August 1-10 - 24 - 23 27

I 11-20 . 33 30 20
r | 21-31 53 42 42
| September  1-10 23 22 22
: 11-20 42 37 32
21-30 34 23 23

Qctober - 1-10 _ Ql 12 12

11-20 2 0 0

21-31 0 0 2

November 1-10 . 0 ¢ 0

Source : BRTC, BUET, 1987
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ET: = Evapotranspiration from crop field on ith day

The different components of the water balance for irrigated

rice has been shown {n Fig. 3.6,

If it is essumed thut water storage (WD:i ~ WDi-1) does not
change significantly over a period considered, and surface run-—
off in and out of an individual paddy fieid are equal,.the above
dynémi; water balance equation to'determine-irrigation

requirements for rice reduces to:

During the land preparation period,
IRi = (BW; + (S&P);i) - RN; [3.4]
During the normal growth period,

IR = (ET: + (8&P)i) - RN; | [3.5]

3.6 Irrigation Efficiency

Water losses occur throughout the whole irrigation system.

and it is convenient to group them into three catagories:

a. Water losses on the field
b. Water losses iﬁ the field canal

and ¢. Water 103335 in the main delivery system.
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To describe the performance of irrigation system, the
prbject efficiency, Ep, which is also known as overall irrigatiop'
efficiency.or total efficiency of a project, should be used. The
overéll irrigatiﬁnlefficiency usually‘means the ratio betwéen_
water made directly available to the crop and total water
diverted at headworks. Projectrefficiency is.normélly subdivided

into three components according to water losses. These are:

i) Conveyance efficiency, Ec: A measure of the water
delivery network is its conveyance efficiency.which is defined as
the ratio between the volume or depth of water delivered to the

field and the volume or dépth of water diverted from the source.

ii) Field canal efficiency, Ev: It can be defined as the
ratioc between the volume or depth of water received at field
inlet and the volume or depth of water diverted from the outlet

main of the conveyance systen.

iii) Fieldfapplication efficiency, Ea: It can be defined as
the ratio between the volume or depth of water directly available

to the crbp and the volume or depth of water delivered from the

‘field canal outlet,

The aforementioned four efficiency valués can be related by

the following expression:
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Ep = Ec * E» * Ea L ' (3.6]

For the planning of irrigation projeqt, efficiency values
are estimated on the basis of the past experienée. On the basis'
of recommendations Qf ICID/ILRI, the values of conveyance, field
canal and field application efficiencies are 80 percent, 80
percent and 32 percent_respectiveiy (FAQ Irrigation and Drainage
Paper-24). A recent study on the field water management in
Ganges—~Kobadak and-Thakufgaon Tubewell Irrigation Projects was
" Jointly conducted by IRRI, BRRI and BWDB and it is obse?ved from
that study that ﬁhe value of field appiication efficiency

corresponds to the value recommended by FAQ.

BRTC, BUET (1987) suggested highef efficiency values for
e .
- Teesta project area. According to their recommendations, each of
the conveyancé and field canal efficiency values is 85 bercent
and the field applicatioh efficiency values are 42 percent for
Floodplain and 60 perécnt for Barind Tracts. The basis of two
seperate field appliéation‘efficiency values is the different
seepage and percolation rates for Barind Tracts and Floédpléin

area. The higher efficiency values can be achieved by the proper

water management in the project.

For the present study, the field applicétion efficiency and
the overall irrigation efficiency for different conditions have

been culculated and prescnled in Table 3.5. The calculation is
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the following assumptions: )

a. The average evapotranspiration rates of Rangpdr and
Bogra stations during May to November period have been
taken as the representative values for Floodplain and
Barind Tracts reapectively. These are:
For Flcodplain, average evapotranspiration rate = 4.56
mm/day and'for Barind Tracts, the value = 4.64 mm/day.
b. The canal systems and field canal efficiencies hasve each
been taken as B5 percent.
Table 3.5 Field Application Bfficiency, Ea and Overall
Irrigation Efficiency,. Ep. :
Land Type Average ‘Seepage and Field Overéll
: Evapotrans— Percolation Application Irrigation
piration Rate, Efficiency, Efficiency,
Rate, ' Ea=ET/(ET+ Ep =Ec ¥Eb *Ea
'S&P)}*100
. ) " (mm/day) (mm/day) {(Percent) (Percent).
Floodplain 4.56 6 43 ) 31
10 31 . : 22
. ’ R
Barind- Tracts 4,64 : 3 61 44
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3.7 Diversion Requirements:

The calculation of net irrigation requirements during land
preparation and normal growth périod of the crop is based upon
the respective dynamic water balance equations mentioned earlier.
The net irrigation requirements for Floodplain and Barlnd areas
for each of the hydrologic zones and for each ten day period
were calculated by-subtracting the ten day effective rainfall
from the ten day land pPreparation or crop water requ1rements The
irrigation dlver51on requlrements at head regulator are then
calculated by‘d1V1d1ng the net irrigation requierments by the

values of irrigation efficiency.

A sample calculation of diversion requirements for
floodpiain and Barind areas dﬁring the first ten day period of
July for land preparation and first ten day period of October for
normal growth'stgge for hydrologic zone-I is given in Appendix-A.
The diversion requirements for different zones with different
Seepage and percolation rates are presented in Table 3.8 through

"Table 3.11.

3.8 Crop Yield

Crop vield is a function of various inputs including water,‘
which is critically important. Inputs can be grouped as two

distinct catagories viz., (a) Natural inputs and (b) Managed
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T iP - Land Preparation

i T - Transplantation

Table 3.4 Diversion Reaguirement for Zone-I (cusecs,/100 acres).
{Seepage and'Percnlatiﬁn'Rates: 3 a8/day for Barind Tracts and 4 am/day for Floedplain'areas}.
Land Hay . . June July August Saptesber fctober Hovegber
Iype 21-31. 1-1¢ 11-20 21-30  1-10 11-20 21-31 11-20 21-3] 1-i0 '11420 21-30  1-10 13-28 21-31  1-10
Flead- PR THE .
Plain 1.648 0 0 0.939 0.12% 1.414 0.280 0.467 1.649 2.022
1.442 g 0.939 0.129 1.41% 0.400 0.707 1.649 2.022 2.129
1.790 0.939 0.129 1.414 0.400 0.827 1.873 2.022 2.329 -1.52
Barind L7 . T
Traers  2.373 0.137 0 0.327 0 0 0 0.367 0 0.671
‘ o1 .
2.427 0 0.327 0 g 0 0.336 0 0.671 0
1.832 0.160 i ] 0 0.620 ¢ 0.67] ¢ 0.256
1.648 0 0 0.620 0.050 0.914 0.118 0.288 1.269 1.532
2T _
© 1442 ) 0.620 6.050 -0.914 0.199 0.41% 1.2¢6% 1.532 1.607
-~ 1.7%0 0.420 0.050 0.914 0.199 0.500 1438 1.53 1607 1.357

£9



Table 3.7 Diversion Requirement for Zone-II (cusecs/100 acres).

& {Seepage and Percolation Rates: 3 ss/day for Barind Tracts and 6 as/day for Floodplain areas).

Land Hay . ~. éune . Jily L. August L . Septeabef .. fictober . Hovegber
Type 21-3} 1-10 1i-20 21-30 1-10 H-20 21-31 1-1¢ 11-29 21-31 i-18 14-20 21-38.  1-1p 11-20 21-31 1-18
" Flood- , LPx. T, '

Plain : LIS 0 B 1473 1099 0663 1.467 0.547 0.204 1.489 2.129
AP LT _ )
2129 0 1473 1.099 0.663 L.467 0.667 1.294 1.48% 2.129 2.129
AP, T

1769 0.618 1.099 0.663 1467 0.667 1414 1713 2,129 2329 1521

Barind - AP . T . _ _ 2
Tracrs  2.33%  06.389 0 0.741 0 0 0 0.912 0.479 0.172 0.709
.‘LP. N ‘
2,679 0 0.741 ¢ 0 0 0.9% 0.668 0.172 0.769 0.145
2,129 0.412 6 0 0 0.9% 0.753 0.34L 0.709 0.145 0.671
AP LT . ‘ . : _
2.17% B0 8.9% 0.733 0.425 0.950 0.306 0.671 1.156 1.607
2. 1. ﬁ | . .
2129 0 0.99% 0.733 0.425 0.951 0.357 0.833 1.156 1.607 1.607

1,769 0.618 0733 0.425 0.95! 0.387 0.914 1.325 1407 1.607 1357

t-LP - Land Preparation

¥ 71 - Transplantation




Table 3.2 Diversion Requirement for Zone-IIT (cusecs/100 acres).
{Seepage and Percolation Rates: 3 em/day for Barind Tracts and § ss/day for Floodplais areas).
Land Hay . . Jupe . _duly .. August . . Septesber . . BDetober . MHoveaber

Igpe 21-33  1-30 1-20 21-30  3-10 H-20 21-31  j-10° 3320 21-30  1-10 11-20 23-30  i-10 11-p0 21-31  1-10
Floed- (PR THR _ |
Plain | 2408 0 0.624° 1259 1153 0.663 1.467 0.814 1.058 1.489 2.129
2.09 0125 1259 1153 0.663 1467 0.934 1.29% 1.489 2.129 2.0%
AP LT '
2.206 0.527 1S3 0.663 1.467 0.93 L414 1713 2129 2.030 1.52

Barind AP . . T . _ E§
Traers 2,623 0.595 0.289 0.9%6 6.211 ¢ 0.398- 0.761 0.517 0.172 "0.709
2.685 0.137 0.%¢ 0.211 0 0,396 0.84¢ 0.68¢ 0.172 0.709 0.333
2427 0.549 0.211 0 0.3%8 0.84 0.771 0.341 °0.709 0.333 0.471
2.404 0 0,390 0.846 0.771 0.425 0.951 0.494 0.671 1.156 1.607
2.196 0,125 0.B4e 0.7701 0.425 0,951 0.575 0.833 1.156 1.607 1.53¢%

2.?06 0.527 0.771 0.425 0.951 0.575 0.%14 1.325 1.407 1.33¢ _ 1.357
* [P - Land Preparation ' '
7 Transgianiation




Table

:

Diversion Requirement for Zone-I (cusecs/100 acres).

(Seepage and Percolation Rates: S5 as/day for Barind Tracts and 10 aa/day for Floodplain areas).

Land
Tvpe

Septesber .. fictober

1-10 11-20 21-30  1-i¢ 11-20 21-3!

Flood-

Plain

Barind

Tracrs

-

.
—

(-]
Ll
L% )

June L. July
110 11-20 21-30 1-10_11-20 21-3]
LLPF  TE
L6 0 0
Y S
L4z 0
AP
1.79
1.
oI 004 0 0 0
247 00411 8 0 0
AP LT
1852 0160 0 0 0
AP T
168 0 0
AP LT
L2 0
AP
1,750

2.000 1.323

0.595 1.323

0.780 0.962
0.760 0.062

0.780 0,062

l.é?? 0.395 0.658 2.323 2.530

1.992 0.564 0.99 2.323 2.850 3.04C

1.992 0.564 1.165 2.43% 2.850 J.900

0,844

0.544 0

0.544 0 0.324

1148 0149 0.324 C 1555 1.9%

L0468 0.230 -0.527  1.593 1.926 2.020

1148 0.250 6.629 1808 1.926 2.020 1.

% LP - Land Preparation

7 Transplantatién

99



Table 3.10 Diversion Reguirement for Zone-II (cusecs/100 acres).

{Seepage and Percclation Rates: S sa/day for Barind Tracts and 10 as/day for Fleodpiain areas).

L9

Land Hay . . June July August Septeater Ot tober . Hovemher
Type 21-31 1-10 11-20 21-30  i-ig 11-20 21-3F} i-1g 1§-28 21-3} i-10 11-20 21-38 1-10_ 11-20 21-31  1-i0
Flood- T APE. LT '
Plain _ 2175 . 8 0 2.675 1.549 0.93¢ 2.068 0.771 1.485 2.09 3.080
2.129 0 2.075 1.549 0.934 2.068 0.940 1.823 2.098 3.000 3.000
AN
1769 0.618 1.54% 0.934 2.068 0.940 1.992 2.413 3.000 3.000 2.143
Barind AP . T .
Tracrs  2.53%  0.38% g 0.91 0 0 0 1.14¢6 0.603 0.216 0.891
2.67% g 0.931 D 0 0 1.252 0.815 0.216 0.891 0.182
2.12% 0.412 0 - 0 1.252 0.922 0.429 0.891 ©0.182 0.844
AP T '
2.175 Q 0 1.252 0.922 0.53% 1.196 0.385 0.544 1.453 2.020
AP .
2.12% 0 1.282 0.922 8.535 1.196 0.487 l.ﬂi? 1.453 2.020 2.020
. LT |
1.763 - 0618 0.922 0,535 1.1% 045 1,148 1666 2.020 2.02¢ 1.706

¥ LP - Land Preparation
T - Transplantation




Tapble 3.11

Diversion Reguiremsant for

Zore—-ITI (cusecs/l00 acres).

{Seepage and Percolation Bates: S as/day for Barind Tracts and 10 as/day for Floodplain areas).

Land Hay .

Jung July hugust Septeaber October Yoveshar
Type 21-31 1-16 15-20 28-30 1-10 B1-20 21-31  1-18 11-20 21-31 118 11-20 21-36  1-i¢ 14-2¢ 24-34  i-1@
Flgod- PR THE -
Plain 2.40} D 0.880 1.774 1.624 0.934 2.068 1.147 1.485 2.0% 3.000
2.198 0.125 1.774 1.624 0.934 2.068 1.316 1.823 2.098 3.008 2.863
2.206 0.527 1.624 0.938 2.066 1.316 1.992 2.4I3 3.000 2.863° 2.143
Barind AP, T . 2
Tracrs  2.623  0.595 0.364 1.215 10.265 0 0.50F 0.957 0.650 0.216 0.89)
A LT ' |
2.885 0.137 1.215 0.265 g 0.501 1.063 0.862 0.216 0.891 0.418
‘ ». o1 .
2.42?. 0.549 0.265 0 0.301 1.063 U.9§9 0.429 0.591 0.418 B.844 .
2.404 0 0.501 1.863 &%9 dﬁs 1.196 0.621 0.844 1.453 2.020
2.198 0.125 1.063 0.%69% 0.535 1.1% 0.723 1.047  1.453 2.020 1.9
ST S o
2.205  0.527 0.969 0.535 . 1.1% 8.723 1188 1.666_2.020 1.934 .70

$ P - Land Preparation

tt | - Transplantation
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inputs. Natural inputs include environmental variables such as

solar radiation, rainfall, temperature, humidity, and insect and
disease incidence while managed inputs include irrigation water,
variety of crop grown, fertilizers uged, and insect, disease and

weed control measures.

The yield of HYV rice depends upon -the soil, season,
inputs application, and method of cultivation. Under optimum
condition the yield potentials of HYV paddy may éignificantly

vary with the time of transplantation.

BWDB (1987) conducted a field experiment at Amla Farm of
Kushtia, Mohipur Farm of Rangpur and Thakurgoan Farm to evaluate
the growth and yield performance of HYV rice under different
éarly transplantation dates in-Kharif—II season. The main purpose
of this study is to propose.the future cropping pattern for
Teesta Pr;ject area during post project condition. They performed
the experiment for HYV varieties BR-1 and BR~3, both of which are
photo—-insensitive. During this research work th; agronomical and
the yield data of this study have béen collected from the Land

and Water Use,Directorate, BWDB, Dhaka and also from each of the

farms. The collected yield data afe presented in Table 3.12.

It is evident from Table 3.12 that the yield performance of
BR-1 and BR-3 varieties grown in Mohipur Farm, Rangpur and

Thakurgéun Farm are very poor compared to that of Amla\Farm,
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Table 3.12 Yield Data of BR-1 and BR-3 Under Different
Transplanting Dates.

Transplanting . Yield Per Acre in Tons

Date : . Amla Farm . Mohipur Farm | Thakurgaon Farm
BR-1 BR-3 BR-1 BR-3 BR-1 BR-3

30-5-87 ' 1.307 1.492 0.661 0.944 0.393 9.449

13-6--87 1.203 1.308 0.508 1.134 0.477 0.449

27-6-87 0.911 0.834 0.480 1.039 . 0.618 0.618

For Normal Tfansplantaticn (Transplanting Date: 11-20 July to

1-10 August), Yield = 1.5 Tons/Acre.

Source: BWDB, 1985 and 1987.

Kushtia. Persona; contacts with Mr. M, U. Hoylader, Chief
Agronomist, Land and Water Use Directorate, BWDB, Dhéka and Mr.
Tafazzol Héséain, Deputy Chief Agropomist, BWDBRB, Réngpur reveal
that the reésons for the yiéld réduction-at Thakurgaon Farm are
garly flooding and sevefe attaék of various insects while the
reasons for reduced yield at Mohipur Farm are - reduction of the
fertility of farm soil due to leaching of water, excessive
rainfall, flooding, heavy wind blbWS and attack of insects and

diseases (blast and loose smut).
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For the present study, the yield data for early
transplanted HYV rice of Amla Farm have been used. For normal
transplantation (Transplanting Date: 11-20 July to 1-10 August),

the yield data of HYV T. Aman proposed by BWDB (1985) for Teesta

Froject area have been used.




CHAPTER 4

MODEL DEVELOPMENT AND APPLICATION

The planning of any irrigation project can be well
demonstrated by the mathematical modelling approach by taking
~into account the scarce and limited rescurces. in this chapter, a
linear mathematical model to maximize the total command area and
fhe y@eld, and to determine obtimal transplgnting date for a crop
growﬁ uﬁder irrigation is formulated and the developed model is
applied in Teesta Bérrage Project which is situated in the north-
western part of Bangladesh: Tﬂe aim of Teesta projeét'ié to
provide supplemental irrigation for Kharif-I1 crops in the
pProject area during the pre and post monsoon drought period and
tq ensure highef yield_of the Kharif-II crops through the
cultivation of HYV rice under irrigation. The project'featureS'
include construction of é barrage écross the Teesta River at
Doani, along w1th canal system and d;velopment of a network of
irrigation and drainage systems over the entire project area to

deliver irrigation water to the farms and to drain out the excess

water from the farms.

Teesta Barrage Project has been selected for the

application of optimization model developed in this study due to

- the following reasons:

1. It is still under execution stage,
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2. It lies in the north-western drought prone region of

Bangladesh,

and 3. Availability of data required for model application.

The LP model, explained here, is developed for
predominantly rice growing areas with a monsocon climate. The

model can also be applied to irrigated rice areas in other

climates,

4.1 Formulation of LP Model

The formulation of the model is based upon the following

assumptions:

a. All resource inputs other than agricultural land and
irrigation water viz., quality seeds, fertilizers,
weedicides and presticides, labour and equipment,
capital of credit etc., are available in adequaate
édantities.

b. Faétors other than water availability in the soil ‘do not
have any effect on crop yield.l

and c. For the yield maximizgtion model, the yield of Amla

Farm, Kushtia has been taken as the representative yield

for the Teesta Project.
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4.1.1 ;Decision Variables:

The decision variables used in the model are the irrigable
cropped area which is denoted as XiJc,-where i refers to the
hydrologic zone which exhibits gsimilar hydrological
characteristics; j refers to the iand,type which exhibits similar
physical characteristics; and c refers'to.a particular crop to be

planted,

4.1.2 QObjective Functions:

The objectives of the model are to maximize the total
command area and the yield of the Project area. Mathematically,

it can be written as:

For maximization of command area,

M
z

1 j=1 ¢

Max. Zi = Xijc [4.1]

n ez
H =

i 1

For maximization of yield,
M

N
Max. Zz = L z
: i=z]l j=1 c¢=1

[ -

Yijc*x:ijc . R . f4'2]

, “ - in which 71 is the total command of the study area; Zz is the
total yield of agricultural products in the study area; N is the
number of hydrologic zones in study érea; M is the number of land

types in the study area; K is the number of crops to be planted;
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and Yijc is the yield of crop per acré of cropped area, Xijc.

4.1.3 Constraints:

The constraints considered for the development of the model

are as follows:

1. The total cropped area in any particular period should
not exéeed the area available for agriculture.
Mathemétically, it can be stated as:

N M K _

L z T Kise < A [4.3]
i=1 j=1 e=1 :
where, A is the total area available for-éultivation.

2. The-total area planted with any crop, ¢ in any
particular land type, J can not exceed the area
available in land type, j in each zone, i. The symbolic
representation of this constrtaint is:

K i
I Xije L Aiy, i =1, 2,. . N & j = 1, 2, . . M [(4.4)
c=1 :
where, Ajj ié-the area available in land type, j and in
hydrological zone,i.

3. The total amount of irrigation water required during a
particular period of growing éeason should not exceed
the'total available water for irrigation purposes.

N M K

I b IE-WiJcL*Xijc L @y, for alllvalues of t. [4.5]
i=1] J:l c=1 ' : :

"-
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and Q: < Design capacity of canal system.
where, Wijct is the fotal amount of water required per
unit cropped area in each hydrologic‘zone, i and in each
land tyPe,’J with crop, ¢ in each period, t of a
parficular‘growing season; and Q¢ is the available
irrigation water in period, t.

4. Each decision vafiables,should have a'zero or non-

negative values.

i.e., Xije 2 0 , for all values of i, j, c. _ [4.86]

4.2 Application

The model developed in the previous article of this chapter
has_heen applied for Teesta Barrage Project under two seperate
cropping practices: (1) the normal transplantation condition
where HYV T. Aman caﬁ be tranaplanted in normal transplantation
period {Second and Third ten days of July and First ten day of
August) and (2) the early trapsplantation cpndition where crop
staggering approach with early transplantation dates can be
adopted. This crop staggering is possible only in thoée.afea
where HYV T. Aman can be transplanted earlier than normal season.
For eafly'transplantation, certain percentage of Barind Trgcts as
stated in the previous chapter ﬁave been selected. The model is
developed for two seperate objective functions viz., maximizing
(1) the total acreages and (2) the total. crop yield of the

project area. The decision variables of the model are the

¥
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irrigable cropped areas in each hydrologic zone and in each land

type with a particular crép to be planted.

For the present study, only HYV T. Aman has been selected

for irrigation. Hence the decision variables can be defined as

. ’ Xis, where i refers to the hydrologic zones (I to III) and j

refers to the land typés (Floodplain and Barind Tracts). These

variables can be stated as:

1{ ' X)1 = Acreages in zone-1 and in Floodplain..

qf X12 = Acreages in zone—-I and in Barind Tracts.

ﬁ - ’ = 0; since there is no Barind Tracts area in zone-1.
X21 = Acreages in zone-II and in Floodplain.
X22 = Acreages in zone-I1 and in Barind Tracts.
Ka1 = Acreages in zone-III and in Floodplain,.

1 Xaz = Acrcages in zone—111I and in Barind Tructs.'

4.2.1 Description of LP model:
The development of LP model for Teesta Barrage Project is
it based upon the considerations stated in the pPrevious chapter. The

i mathematical statement of the model under different conditions

i . .
i can be written as:
LS
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4.2.1.1 Under Normal Transplantation Condifion:

-

The decision variables of the model are defined as:

X111 = Irrigable area of Floodplain in zone—i with a
transplantation date, 11-20 July.
Xl;z = Irrigsble area of Floodplain in zone-I with a
transplanfation date, 21-31 July.
X113 = Irrigable area of Floodpldin in zone-I with a
transplantation date, 1-10 August.
X21! = Irrigable area of Floodplain in zone-II with a
transplantation date, 11-20 July.
X212 = Irrigable area of Floodplain in zone-1I with a
transplantation date, 21-31 Juiy.
X213 = Irrigable area of Floodplain in zone-1I with a
transplantation date, 1-10 August.
Xz22! = Irrigable area of Barind Tracts in zonq;II with a
| transpléntation date, 11"20 July.
X222 = Irrigable area of'Barind Tracts in zone-II with a
transplantation date, 21-31 July.
X223 ?:Irrigable area of Barind Tracts in zone-II with a
transplantation date, 1-10 August.
Xa1! = Irrigable area of Floodplain in zone-III with a
.fransplantation date, 11-20 July; |
X312 = Irrigable area of Floodplain in zone-III with a

Itranspléntation date, 21-31 July.

——
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Xaz!

Xaz?

Xaz23
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= Irrigable afea of Floodplain in zﬁne-III with a
transplantation date, 1-10 August.

= Irrigable area of Barind Tracts in zone*IIi with a
transplantation date, 11-20 3u1y.

= Irrigable area of Barind Tracts in zone-III with
a transplantation date, 21—31-Ju1y.

= Irrigable area of Barind Tracts in zone-III with a

transplantation date, 1-10 August.

The objective functions are:

Max.

Max.

Max.

in which_Z:

Z2

H

Z1 = 3111 + X112 + K113 + X211 + X212 + K213.-E.X2é"
+ X222 + X223 +'Xa)1 + Xa12 + Xa1® + Xaaz2l +
X322 + Xaa273. _ ' ' [4.7]

Zz = 0.911%X1:1 + 1.5%(Xy112 +.X113) + 0.911**211 +
1.5%(X2:2 f X213) + 0,911%Xz221 + 1.5%(Xz222 +
X223) 4+ -0.911%Xax? + 1.5*(X312l+ X313) +
0.911%Xa2! +1.5%(Xaz22 + Xa=23). i [4.8]

Za = 0.834*X;11 4 1.5%(X112 + X313) + 0.834%X211 +
1.5%(X2:2 + X21%) + 0.834%X22! + 1.5%(X222 +
ﬁzéa) + 0.834%X21! + 1.5*%(X212 + Xa13) +

0.834%Ka2! +1.5%(Xaz22 + Xa23). o (4.9}

Total irrigable cropped area.

Total crop yield for crop yiéld data of Aﬁla farm

(BR-1).
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Za = Total crop yield for crop yield data of Amla farm
(BR-3).
The constraints are:’
Land Availability Constraints:-

K11 o+ X112 4+ X313 o+ K211 + X212 4+ X213 4+ Xaa! +

X222 + X223 + Xa3! + X312 + X333 + Xazl + X3z2 +

X322 < 1,154,000, [4.10]

X211 4+ X112 + X)13.¢ 257,345, t4.11]'
. X211 + X212 + X213 < 315,269, | | [4.12]

X22! + X222 + X223 < 136,615. ' - [4.13]

‘Xa1l + X312 + Xa1® < 99,388, ' [4.14]
i Xa2l + Xa22 + Xa23 <

345,385, ' [4.15]

The value on the left hand side of Eqn. [4.10} is the total
irrigable area and those of Eqns. [(4.21] to [4.15] are the areas
of eachiland‘type in- each hydrologic zone and have been obtained -

from Art. 3.2.2 of Chapter 3.
Irrigation Water Availability Constraints:-. .

The irrigation water availability constraints for different

ten day periods {First ten day of July to first ten day of
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November) and for different seepage and percolation rates are
presented in Table 4.1 and Table 4.2. The coefficient matrices of

these tables are developed from Table 3.6 to Table 3.11.
.. Non-negativity Constreints:-

All the decision variables mentioned above should have zero
or pogitive'values.

i.e., [X] > 0. ' [(4.16]
wﬁere, {X)] is a column matrix hhich is defined ss -

[X] = [X112 X132 X113  Xa2i? X212 "X21® X221 X222 X222

X311 X312 X313 Xao! Xaz2 Ya23]’.

4.2.1.2 Under Early Transplantation Condition:

The decision variables of the model hre defined as:

X111 = Irrigable area of Floodplain in zone-I with a
transplantation date, 11-20 July.
X112 = Irrigable area of Floodplain in zone-I with a

transplantation date, 21-31 July.

X113 = Irrigable area of Floodplain in zone-I with a
transplantation date, 1-10 August.
X211 = Irrigable ares of Floodplaih in zone-II with a

transplantation date, 11-20 July.




Table 4.1

[1.648

}.41%
.939

Al
.2680
A67

f.649

2.022

129

1.442

1419
939
129

1414
400

Sl
(=]
~d

1.649
2,022
2.129

Conditian.
{Seepage and Percolation Rates: 3 as/day for Barind Tracts and 6 aafday for Floodplain}.

2.17%
g 2129
0 0 1.76%

1.473 1,473 (616
1.09% 1.099 1.099
663 663 .663
1.467 1.467 1.4¢7
S47 667 867
244 1294 14N
1.489 1.489 1.713
2.129 2,129 2.129
2.129 2,129

1.521

2.175
0

0
.99%
733
425
951
.306
671
1.156
1.607

2.12%
0
9%
733
425
.951
.387
833
1.156
1.607
1.607

* Design Capacity of the Canal

1.769
618
733
425
951
.387
914

1.325
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Table 4.2 Irvigation Water Availability Conztraints Under Mormal Transplantation

Corndition.

{Seepage and Percolation Rates: 5 ea/day for Barind Tracts and 10 am/day for Flocdplain).
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X212 = Irrigable area of Floodpiain in zone-II with a
| tpansplantation date, 21-31 July. -
X213 = Irrigable ares of-Floodplain in zqne-II with a
transplantafion date, 1-10 August.
X22! = Irrigable area of Barind Tracts in zone-II with a
transplantation date, 1~-10 June.
X22!! = Irrigable area of Barind Traéts_in zone-I1 with a
transplantation date, 11-20 June. |
X221!1 = Jrrigable area of Barind Tracts in zone—II with a
transplantation date, 21-30 June.
X221 = Irrigable area of Barind Tracts in zone-II with a

transplantation date, 11-20 July.

X222 = Irrigable area of Barind Tracts in zone-II with a
transplantation date, 21-31. July.
| Kaz23 = Iérigable area of Barind Tracts in zone-II with a
transplanta£ion date, 1-10 August.
"Xa1! = Irrigable area of Floodplain in zone-III with a
h transplantation date, 11-20 July.
X312 = Irrigable area of Floodplain in zone—IiI with a
transplantation date, 21-31 July.
X313 = Irrigable area of Fioodplain in zone-III with a
transplantation .date, 1-10 August.
Xaz2! = Irrigable area of Barind Tracts in zone-III with a
tranéplantation déte; 1-10 June.
Xaz!! = Trrigable area of Barind.Tracts in zone-III with a

transplantation date, 11-20 June.




Kaai 1l

1

- Xaz21 =

Xaz22?2 =

85

Irrigable area of Barind Tracts in zone;III with a

transplantation date, 21-30 June.

Irrigable area of Barind Tracts in zone-III with a

transplantation date, 11-20 July.

Irrigable area of Barind Tracts in zone-III with
a transplantation date, 21-31 July;

Irrigable area of Barind Tracts - in zone-II1 with a

transplantation date, 1-10 August.

The objective functions are:

" ' Max. 2Za
H
Max. Zo
Max. Zc

= K11l + X112 4 X113 + X21' 4+ X212 4+ X213 + Xa2!
+ X221 + X22)1T 4 Xa21 + X222 4+ X223 + Xai! +
Xa12 + X313 '+ Xaz! + Xaz2l! + Xaazl!l 4 Xanl 4

X222 + Xaa2, ’ [4.17]

0.911%X13) + 1.5%(X112 + X113) + 0.911%Kz,? +
1.5%(X2)2 + X213) + 1.307%(X22' + K2211) +
1.203%K22711 4 0.911*X22? + 1.5%(X222 + Xz23) +
0.911*%Xa3? + 1.5%(Xa12 + Xa13) + 1.307%(Xaz’ +
Xaz!') + 1.203%Xa2T!! + 0.911%Ka21 + 1.5%(Xa22
+ Xaz3). - . | [4.18]
= 0.834%X11?* + 1.5%(X112 + X113) + 0.834*Xé11 +
1.5%(X232 + X213) + 1.492%(X227 + X2211) +
1.3086%xKz2211"! + 6.834**221 + 1.5%(X222 + X223) +
0:&34*X31‘ + 1.5%(Xa12 + X313) + 1.492%(Xa2! +
XGzlfj + 1.306%Xa2111 + 0.834%X32! + 1.5*(X322_.

+ Xa23). S (4.19]
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in which Z, Total irrigable cropped area.

Zvy = Total crop vield for crop yield data of Amla farm
(BR-1). |

Ze = Total crop yvield for crop yvield data of Amla farm

(BR-3).
The constraints are:
Land Availability Constraints:-

Xi1l + X112 + X112 + X211l + X2u2 + X213 + Xa22! + Xz211 +

Xz2T11 4 X221 + X222 + X222 + Xa1l + Xa12 + X312 + Xaz2! +

a2lT + Xa2T1! + Xaz! + Xao2? + Xaz? < 1,154,000 [4.20]
X111 + X112 + X113 < 257,345 | © [4.21]
Xz21! + X212 + X213 < 315,269 | ‘ , [4.22]
Xaz! + Xz21! + Xa21'1 < 72,679 = [4.23]
Xaz! + X222 + X223 < 63,936 : [4.24]
a1l + Xai12 + Xa:13 ¢ 99,386 [4.25]
Xaa! + Xa2Tt? + Xaaz2!'I! ¢ 241,770 [4.26]
Xaz! + Xa22 + Xa2? ¢ 106,615 ' ‘ [4.27]

The value on the left hand side of Eqn. {4.20] is the total
irrigable area and those of Eqns. [4.21] to [4.27] are the areas
of each land type in each hydrologic zone and have been taken

from the Art.3.2.2 of Chapter 3.




B7
Irrigation Water Availability Constraints:-—

The irrigation water availability constraints for different’
ten day period}Third ten day of May to First ten day of November)
and for ﬂifferentﬁseepége and~p§rcolatioh rates are presented
in Table 4.3 and Table 4.4. The elements of the coefficient
matrices of these tablés have been faken from Table 3.6 to Table

3.11.
| X Non-negativity Constraints:-

All the decision vériables mentioned.aboye should have zero
or positive values. | |
i.e., [X] > 0. o "~ [4.28]
where, (X] is a column matrix which is defined as -
(X1 = [X111 X112 X113 Xp11  Xp,2 X213  Xa2! Xap!t
Ka2111 X221 X222 X223 Xai! X312 Xg;2 Kaz!

Xaz2l! Xaz?!l! ' Xansl Ygq,2 Xaa22]",

The model described above have been run in IBM PC with the
help of LP software, NICELP2.BAS for the determination of optimal

acreages and optimal yields of Teesta Barrage Project.
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Table 4.4

=2

(Seepage and Percolation Rates: 5 safday for Barind Tracts and 10 2a/day for Fleodplain).
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CHAPTER 5

RESULTS AND DISCUSSION

In this chapter, the usecfulness of the model developeﬂ in
Chapter 4 has been demonstrated through its application in the
irfigation planning of Teesta Barrage Project in order to
determine the optimum transplanting dates, optimal acreages and
optimal yields of HYV T. Amah. The optimal acreages and optimal
vields for different cropping practipes, different seepage and
percolation rates, different probability levels of Teesta flow
and différent vield daté have been obtained from a large number
of computer runs in IBM PC? The results with‘discussion are

presented in the following sections.

5.1 Determination of Optimal Acreages:

Thelmodel predicted optiﬁal acreages of Teesta Barrage
Project during Aman season under normal and early
'transplantation conditions for different seepage and percolation
rates (3 and 5 mm/day for ﬁarind Tracts and 6 and 10 mm/day for
_Floodﬁlain areas) and different probability levels of available
Teesta flow (650 percent énd 75 percent) are éhown in Tables 5.1
te 5.8. It is evident from these tables that under both normal
and early transplantatlon cond1t10ns, optlmal acreages of Teesta

Barrage Project during Aman sceason vary with the seepage and




Table 5.1

Optimal Acreages of Teesta Barrage Project during Aman Season Under
Normal Transplantation Condition (Seepage and Percolation Rate: 3

mm/day for Barind Tracts and 6 mm/day for Floodplain areas & Teesta
Flow: At 50% Probability Level).

Hydrologic

-Transplanting

Land Type Net Aresa Irrigable Critical
Zone Available HYV T. Aman Date Period
for Aman Area :
Cultivation
. (Acres) {Acres)
Zone-1 Floodplain 257,345 12,575 1-10 August 21-31 July
| &
Barind Tracts 4] 0 11-20 Qctober
Zone-I1I Floodplain 315,269 0
Barind Tracts 136,615 127,812 . 21-31 July
) 8,803 1-10 August
Zone-1I1 Floodplain 99,3886 g
Barind Trécts 345,385 345,385 i-lO August
1,154,000 494,575

Total:

I6



Table 5.2 Optimal Acreages of Teesta Barrage Project during Aman Season Under -
: Normal Transplantation Condition {(Seepage and Percolation Rate: 3
mm/day for Barind Tracts and 6 mm/day for Floodplain areas & Teesta
“Flow: At 75% Probability Level).
Hydreologic Land Type Net Area Irrigable Transplanting Critical
Zone . : Available HYV T. Aman Date Period
for Aman Area
Cultivation .
. {Acres) {Acres) .
Zone-1 Floodplain 257,345 0 11-20 October,
_ 21-31 October
Barind Tracts 0 0 &
———————————————————————————————————————————————————————————————— 1-10 November.
Zone-1I1I Floodplain 315,269 0
Barind Tracts 136,615 45,418 21-31 July
19,900 1-10 August
Zone-111 Floodplain 99, 388 0 :
| Barind Tracts 345,385 59,463 11-20 July
285,922 1-10 August
Total: 1,154,000 410,703

26



Table 5.3

Optimal Acreages of Teesta Barrage Project during Aman Season Under

Normal Transplantation Condition (Seepage and Percolation Rate: §
mm/day for Barind Tracts and 10 mm/day for Floodplain areas & Teesta
Flow: At 50% Probability Level).
Hydrologic Land Type Net Area Irrigable Transplanting Critical
Zone . Available HYVY T. Aman Date Period
for Aman Area
Cultivation
{(Acres) (Acres) .
Zone-1I Floodplain 257,345 0. ' 11-20 October
: ’ %
Barind Tracts 0 0 1-10 November
Zone-I1I Floodplain 315,269 0
Barind Tracts 136,615 50, 655 1-10 August
Zone-I1IT Floodplain 94, 386 1]
Barind Tracts 345,385 58,063 21-31 July

Total:

289,322 1-10 August

1,154,000 396,040

£6



Table 5.4

Optimal Acreages of Teesta Barrage Project during Aman Season Under
Normal Transplantation Condition (Seepage and Percolation Rate: 5
mm/day for Barind Tracts and 10 mm/day for Floodplain, areas & Teesta

" Flow: At 75% Probability Level).

Hydrologic Land Type Net Area Irrigable Transplanting Critical
Zone Available HYV T. Aman Date Period
for Aman Area
Cultivation .
{Acres) {Acres) .
Zone-1 Floodplain 257,345 0 _ 11-20 October,
21-31 October
Barind Tracts ] 0 &
——————————————————— e 1-10 November
Zone-I1 Floodplain 315,269 0 '
Barind Tracts 136,615 4]
Zone-1I11 Flocodplain g9, 386 0
Barind Tracts 345,385 44,934 11-20 July

38,540 21-31 July
243,259 1-10 August

Total: 1,154,000 326,733

144



Table 5.5 Optimal Acreages of Teesta Barrage Project during Aman Season Under
Early Transplantation Condition (Seepage and Percolation Rate: 3 -
mm/day for Barind Tracts and 6 mm/day for Floodplein areas & Teesta
Flow: At 50% Probability Level). . .

Hydro- Land Type Net Area Irrigable Transplanting Critical
logic Available HYV T. Aman Date Period
Zone for Aman Area
. Cultivation
s {(Acres) {Acres)
Zone-1 Floodplain 257,345 19,018 11-20 July 21-31 July,
238,327 1-10 August 11-20 October
&
Barind Tracts 0 0 21-31 October
Zone-1II Floodplain 315,269 4,882 1-10 August
Barind Tracts(ET) 72,679 72,679 21-30 June
Barind Tracts(NT) 63,936 63,936 1-10 August
Zone-I1II Floodplain 99, 386 ¢
Barind Tracts{ET) 241,770 241,770 21-30 June
Barind Tracts(NT} 103,615 35,148 . 21-31 July
68,467 1-10 August
Total: 1,154,000 744,227

¥ ET - Early Transplantation
NT - Normal Transplantation

S6



Optimal Acreages of Teesta Barrage Project during Aman Season Under

Table 5.6
, Early Transplantation Condition (Seepage and Percolation Rate: 3
mm/day for Barind Tracts and 6 mm/day for Floodplain areas & Teesta
Flow: At 75% Probability Level).
Hydro- Land Type Net Area Irrigable Transplanting Critical
logic Available HYV T. Aman Date Period
Zone' for Aman Area
: Cultivation '
. . {Acres). {Acres) .
Zone-1I Floodplain - 257,345 60,419 11-20 July 11-20 October,
' 9,466 21-31 July 21-31 Qctober
123,362 I-10 August &
_ 1-10 November
Barind Tracts o 0 S
Zone-I1 Floodplain 315,269 0
Barind Tracts(ET) 72,679 72,679 21-30 June
Barind Tracts(NT) 63,936 63,936 1-10 August
Zone-II1I Floodplaln 99, 386 0
Barind Tracts(ET) 241,770 241,770 21-30 June
Barind Tracts(NT) 103,615 103,615 1-10 August
Total: 1,154,000 675,247

¥ ET - Early Transplantation
NT - Normal Transplantation




Table 5.7 Optimal Acreages of Teesta Barrage Project during Aman Seascn Under
Early Transplantation Condition {(Seepage and Percolation Rate: 5
mm/day for Barind Tracts and 10 mm/day for Floeodplain areas & Teesta
Flow: At 50% Probability Level).

Transplanting Critical

Hydro- Land Type Net Area Irrigable
logic Available HYV T. Aman Date Pericd
Zone for Aman Area )
Cultivation
. (Acres) (Acres) : .
Zone-1" " Floodplain 257,345 118,434 21-31 July 1-10 August
41,925 1-10 August &
1-10 September
Barind Tracts 0 0
Zone-II Floodplain 315, 2689 ¢ S
Barind Tracts(ET) 72,679 72,679  21-30 June
Barind Tracts(NT) 63,936 63,936 11-20 July
Zone-I1II Floodplain 99, 386 0 \
Barind Tracts(ET) 241,770 241,770 21-30 June
Barind Tracts{NT) 103,615 103,615 11—20 July

Total: 1,154,000

642,359

- % ET - Early Transplantation
NT - Normal Transplantation




Table 5.8 Optimal Acreages of Teesta Barrage Project during Aman Season Under ;
' Early Transplantation Condition {(Seepage and Percolation Rate: 5 :
mm/day for Barind Tracts and 10 mm/day for Floodplain areas & Teesta
Flow: At 75% Probability Level).

Net Area Irrigable Transplanting Critical

Hydro—- - Land Type
logic Available HYV T. Aman Date Period
Zone for Aman Area
Cultivation
; {Acres) {Acres) ' L ]
Zone—-1 Floodplain 257,345 - 112,824 11-20 July 11-20 October
Barind Tracts 0 0
Zone-II Floodplain 315,269 0
0
Barind Tracts(ET) 72,679 72,679 21-30 June @
Barind Tracts{NT) 63,936 63,9836 1-10 August
99, 386 0

Zone-II1 Floodﬁlain

Barind Tracts{(ET)

‘Barind Tracts({NT)

Total:

241,770 241,770 21-30 June

103,615 103,615 1-10 August

1,154,000 594,824

* ET - Early Transplantation
NT - Normal Transplantation
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percolation rates of the soil of the project area and yhe

probability levels of available Teesta flow.

Under normal transplantation condition (Table 5.1 to
Table 5.4), optimal acreages vary from 494,575 acres (Grbss area

= 770,130 acres) for seepage and percolation rate: é‘mm/day for
Barind Tracts and 6 mm/day for FIooodélain areas and at 50. \
percenf probability level of Teesta flow to 326,733 acres (Gro#s
-area = 508,170 acres) for seepage and percolation rate: 5 mm/day.
for Bafind Tracts and 10 mm/day fér Floodplain areas and at 75
percent probability level of Teesta flow. As a percentage of the
£otal irrigable area available for Aman cultivation the values
become 43 percent and 28 percent. Thése values ;ré very low. But
fhe acreages computed by BRTC, BUET(1987) by applying tréditional
methods of computing command area ié 400,000 acres (Gross area =
617,000 acres) whfch is 35 percent of total irrigable area
.available for Aman cultivation. They considered.seepage and
percolation rates of 3 ﬁm/day for Barind’Tracts and 6 mm/day for
Floodplain areas and 75 percent dependable flow in their

analysis..Under BRTC condition the model predicted'acrgages is

410,703 acres (Table 5.2).

Under early transplantation condition (Table 5.5 to Table
5.8), optimal acreages vary from 744,227 acres (Gross area =
1,176,564 acres) for seepage and percolation rate: 3 mm/day for

Barind Tracts and 6 mm/day for Flooodplain areas and at 50
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percent probability level of Teesta flow to 594,824 acres (Gross
area = 933,335 acres) for seepage and percolation trate: 5 mm/day
for_Bépind Tracts and 10 mm/day for Floodplain areas énd at 75

" percent probability level of Teesta flow. As a percentagelof the
total irrigable area available for Aman cultivation the values
are'64.5 percent and 51.5 percent. These values are also low but
much higher than those under normal transplantation condition.
But, as computed by BRTC, BUET (1987}, optimal acreages with crop
staggering approach with early transplanfation dates. is 515,000
acres (Groés'areé = 795,000 acresj which is 45 percent of total
.irrigable area available for Aman cuitivation. For this case they
also conéidcred‘seepage and percolation rates of 3 mm/day and 6
mm/day for Barind Tracts and Floodplain areas respectively and 75
.pércent depedable flow of Teesta River. Under BRTC condition, the
model predicted optimal.acreages is 675,247 acres (Table 5.6)
which is 5B.5 percent of total irrigable area available for Aman
cﬁltivation. This value is 13.5 pergentfhigher than the value

estimated. by BRTC, BUET.

Hence, crop staggering épproach with early transplantation
dates should be adopted for Barind Tracts to increase the oétimal
acreage for HYV T. Aman in Teesta Pfojéct. The transplanting date
of éariy transplanted crop can he advanced. upto the second ten
day period of June (Table 5.5).|Further advancement of the

transplanting date in Barind Tracts does not increase the

acreages of the project area.

~
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Considering-crop staggering approach with early
transplan&ation dates as a cro;ping practice, the best irrigatidn
plan for optimal acreages‘of Teesta Barrage Project is as
-presented in Table 5.5. The transplanting dates (21-30 June,

S 11-20 July, 21-31 July'and 1-10 August) mentioned in this table
for different land types in different hydrologic zones are
optimal trénsplanting dates because these give optimal acreages -
of Teesta Barrage Project. The above mentioned transplanting
dates should be strictly followed during post project condition
tohgive irrigation fapilities to maximum areas. It is evident
from this best irigation plan that the total irrigabie Floodplain
area is 262,227 acres which is 39 percent of total availablc
Floadplain area for Aman'cultivation whereas the total irrigable
Barind Tracts area is 482,000 acres which is 100 percent of its
available value. This happené because of lower value of seepage
and percolation raté and resulting higher duty of water for

Barind Tracts than that for Floodplain area.

The lower value of irrigable Floodplain area may not be
feasible because of social and political reasons since the
farmers of these areas will not get any irrigation facilit&
although, the irrigafion canal may run through their land. M/S.
Binnie and Partners (1969) raised this issue in their feasibility
report and suggested that; in general;-Floodplain-being better
aquifer be provided with.grounwater irrigation in order to

optimize the command area of Teesta Project. Grounwater being
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scarce in the Barind Tracts, the suggested irrigation plan of
this study will optimize the total command area of Teesta

Project.

The above mentioned tables also reveal thét critical
periods for almost all irrigation plan are tﬁird ten day period
of July, second and third tqn day pgriods of October and first
ten day period of November. Critical period is defineﬂ as tha£
period when the available supply of Teesta River, which is less
than or equal to the design capacity of Téeata main canal, just .
meets the dgmand of the obtimized command érea. The suppiy of
Te;sta River exceeds the demand 1in qll other periods. During
third ten day period of July the available Teesta flow exceeds
the design capacity oflthe main canél but the design capacity is
fully utilized by the optimized commahd area whereas during the
remaining critical periods the available flows of Teesta falls
short of the design capacity. So, ‘the command area of the project
during Kharif-II séasép can be increased by supplying more
irrigation water at these critical periods. This can be made
possible by using the water from the minor rivers, if available,

of the project area and by adopting the conjunctive use of ground

waler with surface water.

‘5.2 Determination of Optimal Yields:

The model predicted optimal yields of HYV T.  -Aman and the
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corfésponding acreages of‘Teesta Barrage Project under normal and
eérly transplantation conditions for different seepage and
percolation rates (3 and 5 mm/day for Barind Tracts and 6.and 10
mm/day for Floodplain areas), different probabiliﬁy levels of
availableé Teesta flow (50 percent and 75 percent) and different
yield data (BR-1 and BR-3 of Amla Farm, Kushtia)} are shown in

Table 5.9 to Table 5.17.

Tables 5.9 to 5.12 reveal that under normal transplantation
condition; optimal acreages alongwith.critical periods for yield
optlmlratlon cbjective function are same as respective acreages
'for 1and optimization 0bJeCt1VF function (Tables 5.1 to 5.4). The
maximum yield can be attained from the irrigation plan presented
 in Table 5.9. The total yield for this irrigation plaﬁ is 741,862
tons. This value corresponds to yield data of both BR-1 and BR-3
varieties with seepage and percolation rate : .3 mm/day and 6
mm/day for Barind Tracts and Floodplain areas respectively and at
+ 50 percent probablllty level of Teesta flow. Under BRTC condition
the model predicted optimal yield is 582,518 tons (Table 5.10).
This value corresponds to the yield data of BR-1 varlety.

Under early transplantation condition {Table 5.13 to-

Table 5.17), the total yield varies from 1,101,159 tons (Table
5.14) to 807,395 tons (Table 5.17). The maximum yield corresponds
to the yield data of BR-3 variety at 50 percent probability level

of Teesta flow with seepage and percolation rate : 3 mm/day and 6



Table 5.8 Optimal Yield of H?V T. Aman and the corresponding Acreages of
Teesta Barrage Project Under Normal Transplantation Condition
(Seepage and- Percolation Rate: 3 mm/day for Barind Tracts and 6
mm/day for Floodplain areas ; Teesta Flow: At 50% Probability Level
&_Yield-Data: BR-1, Amla Farm}.
Hydrologic Land Type Net Area Irrigable Transplanting Critical
Zone Available HYV T. Aman Date Period
‘ for Aman _ Area ‘
Cultivation
. ~ (Acres) {Acres) .
Zone-1 Floodplain 257,345 12,575 1-10 August 21-31 July
: &
Barind Tracts : g . 0 11-20 October
Zone-1I1 Floodplain 315,269 ' 0
Barind Tracts 136,615 127,812 21-31 July
8,803 1-10 August
Zone-1II Floodplain 99, 3886 0
Barind Tracts 345, 385 345,385 1-10 August
Total: 1,154,000 494,575

Total Yield = 741,862 Tons.

Note: Irrigation planning alongwith total yield is same as aboyé for yield data’

of Amla Farm (BR-3).

votl



Table 5.10 Optimal Yield of HYV T. Aman and the corresponding Acreages of
Teesta Barrage Project Under Normal Transplantation Condition
(Seepage and Percolation Rate: 3 mm/day for Barind Tracts and 6
mm/day for Floodplain areas; Teesta Flow: At 75% Probability Level
and Yield Data: BR-1, Amla Farm). )

Hydrologic Land Type Net Area Irrigable Transplanting Critical
Zone . " Available HYV T. Aman Date Period
' for Aman Area .
Cultivation
. . {Acres)} (Acres) .
“Zone-1I, Floodplain . 257,345 0 ' 11-20 QOctober,
21-31 October

Barind Tracts : 0 0 &
e e e 1-10 November
Zone-1I1I Floodplain 315,269 . 0 '

Barind Tracts 136,615 56,947 11-20 July

‘ - 8,371 1-10 August

Zone-II1 Floodplain 99,386 . 0

Barind Tracts 345,385 49,935 21-31 July

297,450 1-10 August
Total: 1,154,000 410,703

Total Yield = 582,513 Tons.

Note: Irrigation'planning is same as above for yield data of
Amla Farm (BR-3) except total yield (=578,128 tons).

GOl



Table 5.11 Optimal Yield of HYV T. Aman and the corresponding Acreages of
Teesta Barrage Project Under Normal Transplantation Condition
(Seepage and Percolation Rate: 5 mpm/day for Barind Tracts and 10
mm/day for Floodplain areas; Teesta Flow: At 50% Probability Level
"and Yield Data: BR-1, Amla Farm).

Hydrologic Land Type Net Area Irrigable Pransplanting Critical
Zone Available HYV T. Aman Date Period
for Aman Area
Cultivation
. {Acres) (Acresg) .
Zone-1I Floodplain 257,345 0 . 11~-20 October
' &
Barind Tracts 0 0 "~ 1-10 November
Zone-T1I Fioodplain 315,269 0
Barind Tracts 136,615 50,655 21-31 July
Zone-III Floodplain 99,386 0
Barind Tracts 345,385 5,408 21-31 July
339,977 1-10 August
Total: 1,154,000 396, 040

Total Yield = 594,060 Tons.

Note: Irrigation planning alongwith'total yield is same as above for the yield
data of Amla Farm (BR-3).
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Table 5.12 Optimal Yield of HYV T. Aman and the corresponding Acreages of
‘Teesta Barrage Project Under Normal Transplantation Condition
(Seepage and Percolation Rate: 5 mm/day for Barind Tracts and 10
mm/day for Floodplain areas ; Teesta Flow: 'At 75% Probability Level
and Yield Data: BR-1, Amla Farm).

Hydrologic Land Type Net Ares - Irrigable Transplanting Critical
Zone Available HYV T. Aman Date Period
for Aman Area
Cultivation
. {Acres) {Acres) .
Zone-1I Floodplain 257,345 0 11-20 October,
- 21-31 October
Barind Tracts . 0 0 . &
I e T Ny 1-10 November
Zone-11 Floodplain 315,269 N
Barind Tracts 136,615 0
Zone-111- Floodplain 99, 388 0
Barind Tracts 345, 385 44,933 11-20 July
38,540 21-31 July . -

- 243,259 1-10 August
Total: - 1,154,000 326,732

Tetal Yield = 463,633 Tons.

Note: Irrigation plannlng is same as above for the yield data of
Amla Farm (BR-3) except total yield (=460, 173 tons).
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Table 5.13 Optimal Yields of HYV T. Aman and the corresponding Acreages of
Teesta Barrage Project Under Early Transplantation Condition
(Seepage and Percolation Rate: 3 mm/day for Barind Tracts and 6
mm/day for Floodplain areas ; Teesta Flow: At 50% Probability Level
% Yield data: BR—1, Amla Farm).
Hydro- Land Type Net Area Irrigable Transplanting Critical
logic ’ Available HYV T. Aman Date Period .
Zone for Aman Area
Cultivation
. (Acres) {Acres) -
Zone-1 Floodplain 257, 345 18,796 11-20 July 1-10 June,
- 238,549 21-31 July 11-20 October
&
Barind Tracts 0 0 21-31 October
Zone-1I Floodplain 315,269 0
Barind Tracts(ET) 72,679 72,679 11-20 June
Barind Tracts(NT) 63,836 63,936 1-10 August
Zone-I1II Floodplain 99, 386 4,882 1-10 August
Barind Tracts(BT) 241,770 40,268 1-10 June
201,502 11-20 June
Barind Tracts(NT) 103,615 103,615 1-10 August
Total: 1,154,000 744,227

Total Yield = 1,044,581 Tons.

¥ ET - Barly Transplantation
NT - Normal Transplantation

¥
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Optimal Yields of HYV T. Aman and the corresponding Acreages of

Table 5.14
Teesta Barrage Project Under Early Transplantation Condition
(Seepage and Percolation Rate: 3 mm/day for Barind Tracts and 6
mm/day for Floodplain areas ; Teesta Flow: At 50% Probability Level
& Yield data: BR-3, Amla Farm). .
Hydro- Land Type Net Area Irrigable Transplanting Critical
logic Available HYV T. Aman Date Period
Zone for Aman Area
Cultivation
. . {Acres) (Acres)
Zone-1I Floodplain 257,345 19,018 11-20 July 21-31 July,
238,327 1-10 August 11-20 Qctober
&
Barind Tracts 0 0 21-31 October
Zone-II Floodplain 315,269 4,882 1-10 August
Barind Tracts(ET) 72,679 72,879  21-30 June %
Barind Tracts(NT) 63,936 63,936 1-10 August N
Zone-III Floodplain 99, 386 ]
Barind Tracts(ET) 241,770 241,770 21-30 June
Barind Tracts(NT) 103,615 35,148  21-31 July
68,467, 1-10 August
.Total: 1,154,000 744,227

Total Yield = 1,101,159 Tons.

¥ ET - Early Transplantation
‘NT - Normal Transplantatien




Optimal Yields of HYV T. Aman and the corresponding Acreages of

Table 5.15 _
Teesta Barrage Project Under Early Transplantation Condition
(Seepage and Percolation Rate: 3 mm/day for Barind Tracts and 6
. mm/day for Floodplain areas ; Teesta Flow: At 75% Probability Level
& Yield data: BR-1, Amla Farm).
Hydro~ Land Type Net Area  Irrigable Transplanting Critical
logic Available HYV T. Aman Date Period
Zone for Aman Area ‘
. Cultivation
] ' {Acres) {Acres) -
Zone-I.. Floodplain 257,345 60,419 11-20 July 1-10- June,
132,828 1-10 August 11-20 October,
. 21-31 October
Barind Tracts 0 . 0 &
———————————————————————————————————————————————————————————————— 1-10 November
Zone-II Floodplain 315,269 0
Barind Tracts(ET) 72,679 72,679  11-20 June
- ot
Barind Tracts{NT) 63,936 63,936 1-10 August =
Zone-III Floodplain 99, 386 0
Barind Tracts{ET) 241,770 63,849 1-10 June
} 177,921 11-20 June
Barind Tracts(NT) 103,615 10,611  21-31 July
B 99,004 1-10 August
Total: 1,154,000 675,247

Total Yield = 816,595 Tons

* ET - Early Transplantation
NT - Normal Transplantation

+

Note: Irrxgatlon planning is same as above for yield data of Amla Farm (BR 3
except total yield ( = 970,116 Tons. .
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Pable 5.16 Optimal Yields of HYV T. Aman and the coerresponding Acreages of
Teesta Barrage Project Under Early Transplantation Condition
(Seepage and Percolation Rate:5 mm/day for Barind Tracts and 10
mm/day for Floodplain areas ; Teesta Flow: At 50% Probability Level
% Yield data: BR-1, Amla Farm).

Total Yield = 896,838 Tons

Hydro— Land Type Net Area Irrigable Transplanting Critical
logic ‘ 7 Available HYV T. Aman Date Period
Zone ‘ : for Aman Area
Cultivation
. {Acres) (Acres)
-Zone-1I Floodplain 257,345 10, 206 11-20 July 1-10 June,
: 12,888 21-31 July 1-10 Sept.,
137,265 1-10 August 21-31 October
k &
Barind Tracts . 0 0 1-10 November
Zope-I1I Floodplain 315,269 0
Barind Tracts(ET) 72,679 72,679  11-20 June
Barind Tracts(NT) 63,936 63,936 1-10 Auagust
Zone-II1 Floodplain 99,386 0
Barind Tracts(ET) 241,770 40,268 1-10 June
_ © 201,502  11-20 June
Barind Tracts(NT) 103,615 103,615 1-10 August
Total: 1,154,000 642,359

* RT - Early Transplantation

NT - Normal Transplantation

Note: Irrigation planning is‘same as above for the yield data of Amla Farm

(BR-3) except total yield (=954,225 tons).
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Table 5.17 OptimallYields of HYV T. Aman and the corresponding Acreages of
Teesta Barrage Project Under Early Transplantation Condition

(Seepage and Percolation Rate:5 mm/day for Barind Tracts and 10

mm/day for Floodplain areas ;| Teesta Flow: At 75% Probability Level

2 Vield data: BR-1, Amla Farm).

Hydro- Land Type Net Area = Irrigable Transplanting Critical
logic Available HYV T. Aman Date Period
Zone ) for Aman Area
- Cultivation
. {Acres) {Acres)
Zone—1I Floodplain ‘ 257,345 41,004 11-20 July 1-1¢ June,
71,819 21-31 July 11-20 Qctober
. | &
Barind Tracts 0 ' 0 21-31 October
Zone-11 Floodplain 315,269 0
Barind Tracts(ET) 72,679 72,679  11-20 June -
oo
Barind Tracts(NT) 63,936 63,936 1-10 August
Zone-III Floodplain 99, 386 ' 0
Barind Tracts(ET) 241,770 63,849 1-10 June
. : 177,921 11-20 June
Barind Tracts(NT) 103,615 103,615 1-10 August
Total: 1t154!000 594,823 -

N Total Yield = 807,395 Tons

x ET - Early Transplantation
NT - Normal Transplantation

Note: Irrigation planning is same as above for the yield data of
Amla Farm (BR-3) except total yield (=862,410 tons).
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mm/day for Barind Tracts and Floodplain areas respectively. The
irrigation plan presented in Table 5.14 is the best of all other
alternative plans because this plan gives maximum yield as well
as maximum cropped area. This plan is identical with the best
irigation plan for land optimization objectiye'function. Under
BRTC (ondltlon, the model predicted optimal yield is 970,116 tons
(Table 5.15) which corresponds to the yleld data of BR-3 varlety
"It should be noted here that for the yield data of early

transplanted HYV T. Aman, only one year experimental data of Amla

farm have been used due to lack of more yield data. So, field
experiments conducted by BWDB at different farms need to be

repeated -with care.

From Tables 5.1 to 5;17, it is clear that under both normal
and early transplantation conditions, lower values of seepage and.
percolation rate and lower probability level of Teesta flow
rPsults in hlgher values of optimal.acreages and optimal yields.
Moreover, crop staggering approach wlth early transplantation as
cropping practice plays a vital role in increasing the acreages

and yields of Teesta Barrage Project.




CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY

6.1 Conclusions

On fhe basis of results of model applicafion the fol}owing
conclusions can be made:

1. Under no;mal cropping practice, 494,575 acres of HYV T..
Aman area can be brought un&er supplemental irrigation with the
proper management of available Teesta flow for bath land and
yield optimization objectives. This corresponds to 770,130 acres
of gross area. Total yield attainéd from this optimal plan is
741,862 tons. This yield value correéponds to yield dﬁta of both
BR-1 and BR-3 varietie§ of Amla Farm, Kushtia. The optimal
transplanting dates of HYV T. Aman for this plan are'21—31 July
for 127,812 acres of Barind land in zone-11 and 1-10 August for
the remaining irrigable acrcages and the critical periods are

21-31 July and 11-20 October.

2. Through crop staggering with early transplantation of
HYV T. Aman in the fallow Barind Tracts, 744,227 acres'of HYV'T.
Amen ares can be brought under supplemental irrigation with
available Teesta flow for both iand and yield optimization

objectives. This value dives a gross area of 1,176.564 acres. The
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max1mum y191d can be attained from this 'plan for yield data of
BR—- 3 variety of Amla Farm, Kushtia. The total yleld is 1,101,159
tons. The critical periods for this plan are 21-31 July, 11~20
October and 21-31 October and the optimal transplanting dates are
21-30 June for total fallow Barind land in zone~II and zoné—III,
.11 20 July for 19, 018 acres of Floodplaln land in zone-1, 21-31
July for 35,148 acres of Barlnd land in zone-IIX and 1-10 August

for the remaining 1rr1gab1e acreages.

3. For optimal acreages, optimal yields and the best
irrigation plan . (Table 5.14) of Teesta Barrage Project, crop
staggering approach with early transplantation dates should be

adopted as cropping practice.

4. For the above mentioned conclusions, the design
discharge of the main canal of Teesta Barrage Project should be

8,000 cusecs.

5. The increased-réte of seepage and percolation increases
the irrigation water requirement of the crop and thué decreases
acreages and yields of Teesta Barrage Project since the
availability of Teesta flow for irrigation is coﬁstant. Hence;
seepage and percolation rate should be minimized through
extensive puddling of crop field during land ﬁreparation period’

and by lining the entire conveyance system of the project.
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In model application, most of the data have either bégn
qbtéined from literature or collected from fieldllével
experimental farms. In case when no information were available,
judicious assumptioﬁs were made. Hence verification of data. and
updating of the conclusions may be necessary. Nevertheless the
developed model provides a useful tool to the decision makers of

the project authority dealing with irrigation planbping.

6.2 Recommendations for Further Study

The following recommendations are made for further

refinement of the present research work:

a. Systematic collection of recent weather data to
determine actual evapotranspiration rate of the project area and
discharge data of Teesta River are neceésary'to update the model

predicted'rcsults.

b. Field experiments to determine the actual seepage and
percolation losses from the rice.field under irrigation are
necessary. The model has shown that the optihized command area
is very sensitive to this parameters. Field expérimeqts are aléo
necessuary to Qetermine the water requirement of the crop during

land preparation.

Nz
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c. Detail studies on (i) internal sources of surface water
other than Teesta River within the project area; (ii) conjunctive
use of surface water and ground water resocurces within the
project and {(iii) inte;—basin water transfer from the major
sources of surface water outside but adjacent to the project area

to increase the availability of irrigation water during the:

critical periods are necessary. Increased available flow during

the critical periods will increase the opltimum command ares.

d. Field experiments should be continued to varify the
yield data used in this study. The'experiments shoﬁld also be
conducted within the project area and in farmers’ fields to asses

the impact of early transplantation on the yield performance

of HYV rice.

e. An economic analysis on the production cest of HYV T,
Aman including irrigation and the corresponding return from

yield need to be carried out,
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Apbendix - A

Sample Calculation of Diversion Requirements.

‘During Lahd Preparation Period

-

For both Floodplain and Barind Tracts areas:
Zone-1, Period : 11-20 July

. Land Preparétion Requirement = 150 mm
Rainfall at 75%. Probability Level = 87 mm (From Table 3.4)
Field canal Efficiency = B5% )

Conveyance or Canal System Efficiency = B5H%

Diversion Requirement = (150 - 87)/.85/.85 = 87.20 mm/10 days

87.20*43560*100/304.8/10/24/60/60 cusecs /100 acres

1

1.442 cusecs/100 acres

During Normal érowth Period

Zone-1I, Period :11-20 October.
For Flcoodplain Area:

. Seepage and Percolation Rate = 6 mm/day

Reference Crop Evapotranspiration = 4.2 mm/day (From Table 3.2)




g
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Crop'Coefficient for Rice = 0.95 {(From Table 3.3)

Rainfall at 75% Probability Level 2 mm/day (From Table 3.4)
Overall Irrigation Efficiency, Ee = 31% (From Table 3.5)

Diversion Requirement =(4.,2%0.95%10 - 2)/0.31 = 122,26 mm/10 days

122.26%43560%100/304.8/10/24/60/60 cusecs/100 acres

2.022 cusecs/100 acres

For Barind Tracts
Seepage and Percolation Rate = 3 mm/day
Reference Crop Evapotranspiration = 4.5 mm/day {From Table 3.2)

Crop Coefficient for Rice = 0.95 (From Table 3.3)

Rainfall at 75% Probability Level = 2 mm (From Table 3.4)

Qverall Irrigétion Efficienfy,Ep = 44% (From Table 3.5)

Diversion Requirement = (4.5%0.95%10 - 2)/0.44 =92.61 mm/10 days

H

92.61*43560*100/304.8/10/24/60/50 cusecs/100 acres

1.532 cusecs/100 acres
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