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ABSTRACT

Due to the growing agricultural, industrial & social needs, the optimal
utilization of water resources has gained a remarkable importance in the recent years.
It is therefore, necessary to maximize the net benefits from the cropping activity in an
area by optimal conjunctive use of the surface and ground water. The present study is

a small effort in this regard.

A conjunctive use irrigation planning model has been formulated in the
present study for the area of Chandok branch canal of Eastern Ganga canal irrigation
project. Linear programming technique has been used to maximize the net annual
irrigation benefit from surface and ground water. The objective function of the
optimal conjunctive use planning model incorporates net benefits from the considered
twelve crops, capital costs and operation and maintenance costs of surface water and |
ground water pumping systems. It is subjected to a set of constraints namely, crop
area constraints, crop water requirement constraints, Ground Water Pumping
Constraints and constraints for crop management and socio-economic needs.

The effect of variation in the following factors on the objective

function has been analyzed.
- (i) Cropping pattern
(i)  Ground Water Pumping Draft and
(iii)  Surface Water Supply
Sixteen Runs have been taken on computer and on the basis of
these, monthly optimal allocation of surface water, ground water and the area under
the crops has been arrived at. It is observed that by making conjunctive use of surface

and ground water, the net annual benefit may be substantially increased.

s



CHAPTER - 1.

INTRODUCTION

1.1 General

Water resources of a country constitute one of its most vital assets. It is a
primary input for agriculture, industry and civil life. India being an agricultural
country, the rate of food production is indicative of economical development of a
country. The potential development of food production depends upon the available
water resources. The water resources thus play an important role in healthy and
economic growth of a country and , hence their utilization needs to be scientifically
planned and managed keeping in view the future demands which are to increase
manifold for domestic, irrigation and industrial purposes.

When use of some resources magnifies, it adds new problems and efforts are
required to optimize the use of that partieular resourees. It is in thus context that joint
operation and economic use of surface and ground water through coordinated
development and economic utilization i.e. ‘eonjunctive use becomes essential. This .
can achieved by planning and management of water on a basin wide scale
incorporating assessment of the regions water resources, the knowledge of their
quantity, quality, distribution, the degree of ﬂuctuatlons along with an evaluation of

land uses and their effect on stream flow.

1.2 Conjunctive Use

Coordinated and harmonious development of surface and ground water
resources for meeting the water requirements, planning water resources development,
control and conservation by optimally utilizing. the total available water resources is
known as conjunctive use.
: When surface water and ground ‘water are used conjunctively, various
' advantages can be obtained viz., the limited water resources are conserved more, with
less surface storage, smaller drainage system and smaller surface storage; smaller
drainage system and smaller surface distribution System can be adopted.

The conjunctive use is a result of interaction between the surface water and

ground water resources and its scope includes. ,__'



v

Recharge of ground water from natural surface water.

Artificial and included recharge from surface water to ground water.

A\

Use of shallow or deep tubewells in canal command areas.

\dd

Y

Use of- augmentation tubewells discharging directly into the canal and
supplementing the supplies.
Maximum possible benefits can be obtained by planning the modern water
resources projects for multipurpose use such as flood damage prevention or reduction,
recharging of ground watef, irrigation, hydro-electric p6wer generation, domestic and
industrial water supply, navigation, conservation and improvement of soil, flow
auginentation and water quality control etc. _

An essential aspect of conjunctiw./e use plannihg is’Ground Water Modeling.
The utilization of ground water for agriculture has. attained a lot of importance
recently, Ground water has now become an important source of irrigational water
. because surface water resources in most of the area being fully committed and less
surface water diversion schemes are forthcbniing. With the linkage of ground water,
recirculation of surface water is brought about. On this account, ground water has
‘made a,significant contribution in accelerating the agricultural production in India.
With the increasing population, in order to increase production in the field of
agriculture it has now become important to step up the irrigated agriculture. The
conjunctive use planning and management is thus necessary to achieve maximum
returns f:r.om. cropping activities of.any ‘areas in addition to the solution of the

problems of water logging and water table depletion.

1.3 Systems Approach for Conjunctive'Use '

The problem of selecting the best alternative, which gives maximum cost
benefit ratio, subjected to various constraints including the social and political ones
for conjunctive use of surface and ground water can be solved by systems approach.
Therefore, the systems approach is being u'sed to solve various problems associated
with conjuhctive use planning with the advent of computers. Among the extensively
used optimization techniques are linear programming is one of the method, which
have been used by various research workers for solving the problem of allocating the
surface water and ground water resources in optimal manner. Hadley (1962) describe
the general linear programming probleﬁs as; given a set of ‘m’ linear inequalities or

equalities in ‘r’ variables, it is aimed to fined non-negative value of these variables

, .



which will maximize or minimize some linear functions of the variables while
satisfying the linear constraints. e |

Linear programming is restrictive as it assumes the objective function and
associated constraints to be linear function qf decision variables. For non-linear
optimization, dynamic programming is used as a optimization technique. Taha (1982)
has stated that dynarﬁic programming is. a mathematical procedures designed
primarily to improve the computational efficiency of _solvé complex problems by
decomposing them into smaller, and hence computations at different stages are linked
through recursive computations in a manner that yields a feasible optimal solution to

the entire problem when the last stage is reached.

1.4 Objectives of Present Study

The basic objective of the present study is to make optimal cbnjunctive use of
the available surface and ground water rc;sources in the study area, lying in the
chnadok branch canal of East Ganga Canal Irrigation System. This is accomplished
by maximizing the benefits from irdgaﬁ_on works using surface and ground water
conjunctively with the aim to meet the réquiiements of self-sufficiency in fo{!od grains
production and to fulfill the socio-economic needs. - The: overall objectivesAcah be
listed as below: ' '
> Tostudy . the Chandok branch canal of EGC System

To study the existing cropping_paftern system.

~To formulate . the conjunctive use planning models for the study area.

>
>
»  To workout and suggest an optimum cropping pattern.
>  Application of the models of the study area.

>

Analysis of the results to obtain optimal cropping pattern and allocation plan of

surface water and groundwater.

1.5 Outline of the Thesis

- The subsequent chapter of the thesis has been organized as follows:
Chapter 2 deals with review of literature on conjunctive use plannirig model.
Chapter 3 gives tlie brief description about the E'c;,st Ga_nga ‘cana‘ll Iri‘igation
project area. The details of dafa, which is cdlleéted and used for the preparatiojri <‘)f‘

objective function and constraints, are included in this-chapter.



Chapter 4 deals with the formulation of conjunctive use irrigation planning
miodel to derive at the optimal cropping pattérﬂ for the study area.

‘Chapter 5 deals with analysis and discussion on results obtained after sixteen
computers runs, This gives the systematic procedure to get the maximum net benefit

of the cropping pattern adopted.

Chapter 6 briefly presents the conclusions based on the analysis for the study

area and scope for further study.



] ' CHAPTER -2

REVIEW OF LITERATURE

2.1 General _

The optimal cropping pattern study requires determination of area under
various cropé along with the monthly optimal releases of the surface .and ground
water. For this optimization techniques like linear programming (LP) and dynamic
programming (DP) etc. are usually to derive the optimal polices for the allocation of

surface and ground water.

2.2 Review of Literature 4

This section focuses on some of the important previﬁus studies on conjunctive
use planning models are briefly reviewed chronologically.

Nathan Buras (1963) made use of dynamic programming model for the
utilization of aquifers in conjunction with surface reservoirs. A system consisting of a
dam An aquifer was analyzed from tile point of view of its optimal operation. For the
given hydrological data the following three problems were solvcd;

(a) The determination of design criteria for the dam and for the ground water

recharges facilities.

(b) The determination of the extent of the areas to be serviced by the system

and - |

(c) The establishment of an operating policy that specifies the drafts from the

reservoir and pumpages from the aquifer.

Roger and smith (1970) formulated a linear progra,rﬁming model to aid in the
planning of irrigation pfojects. The model presents the interactions of a surface water
and ground water system within the economic context of irrigation management. It
selects the canal, tubewells and surface-drain_a-ge capacities, the project size and the
cropping pattern. '

The system is subjected to certain constraints on continuity of the river flow,
capacity of canals, tubewells and drainage channels, mining of grbund water, crop

water requirements, and availability. of land of different soil types, along with the



inclusion of surface réservoirs, recharge facilities, water quality considerations and
salinity intrusion. '

Young and Bredehoeft (1972) have presented a simulation model to aid in the
solution of the river basins where aquifers are intimately éssociated with streams and
unrestricted development of ground water .can reduce stream flows. The model is
- composed of a hydrologic model that represents the response of the stream aquifer

system to changes in river flows, diversions aﬁd pixmping and treats stream flow as a
stochastic input. The model is also composed of an eeconomic model that represents
the response of irrigation water users to variations in water supply and cost. All theses
indices were incorporated into a decision framework to assess the net income of the
water resources system considering alternative management schemes.

Lakshminarayana and Rajagopalan (i977) have applied a linear
programming model to Bari Doab in Punjab for a set of deterministic idput data that
gives water releases from two sources, canals and tubewells to meet crop
requirements and also giving optimal allocation of irrigated land to different crops so
as to maximize returns from irrigation ac‘tivity subject to a set of constraints.

Duckstein and Terrance (1978) have used a control model of the salinity and
water-logging in the shepparten-kerrang area of Murray river in Australia. This

" conjunctive use control scheme represents an element of the general salinity problem
with the aim to find a control policy,'which minimizes the sum of pumping costs and
“crop losses due to salinity and water logging.

Sinha and Charyulu_ (1980) formulated a linear programming model
considering the existing irrigation system of Gomti Kalyani Doab to determine the
optimal cropping pattern by allocating the cultivated areas to the various crops and
maximizing the net benefits from the conjunctive use of surface water and ground
water resources.

Kashyap and Chandra (1982) have developed a non linear programming
model for arriving at an optimal conjunctive use policy incorporating the spatially and
temporally distributed ground water withdrawals for a given pattern of surface water
availability and spatially distributed cropping péttcrn..Thé model has been used for
the study of Daha areas of India." The monthly ground water withdrawals and areas
under seven feasible crops were determined and the objective function representing

the net benefits from agricultural activity was maximized subject to 36 constraints.



Rakesh kumar (1992) developed conjunctive use irrigation planning model
for the area between Eastern Yamuna canal and Yamuna river. Linear Programming
Techniques were used to maximize the net 'annual_ irrigation benefit from surface and
ground water. The objective function of the net benefits from the considered fifteen
crops was subjected to a set of constraints to arrive at the optimum cropping pattern of
the region under consideration. | _

Wills, Finnay et al., (1992) presented a no'n-linear;éonjunctive use model in
which he considered the production cost including the distribution cost of river water.
The cost of ground water considered as non-linear because the lift is dependent on the
withdrawls. In this study, net benefits from the production of three crops were
maximized. | |

Matsukawa, Finnay et.al., (1992) ‘developed conjunctive use model, which
incorporates the hydraulics of surface water and ground water systém, water supply,
hydropower and ground water cost and objectives function of maximizing benefit.
Constraints of the planning model included hydropower production limits, water
grading constraints on the combined surfz;oe and ground water.

Maurya: (1997), attempt a groundwater model to study the ground water
fluctuation for Omkareshwar area. The model was based on Integrated Finite
Difference Model of Tyson & Weber (1964) It also [present the Cost Economics of
groundwater resources for the study area. ‘ ; | |

Ehsanolah Malek-Mohammadi (1998), carried out a work for developing
irrigation system. In this work, surface reservoir capacity, groundwater and spring
withdrawal, delivery system capacities (including canals, pumping stations and
tunnels), hectares of land to be developed for irrigation and cropping pattern are
considered as interacting parts of the system besides cost due to drainage, land -
leveling and irrigation network construction. The system is optimizéd by means of a
chance constraint optimizﬁtion_ model. The model uses mixed integer linear
programming to maximize the net benefit associated with the development. Results
generated by the application of the model, along with the sensitivity analysis, provide
a tool to select the optimum design considering the varieties of criteria involved

Getachew Belaineh et.al., (1998) present a simulation/optimization model
that integraltes linear reservoir decision rules, detéil,ed simulations of stream/aciuifer
system flows, conjunctive use of surface and groundwatqi, é_nd delivery via branch

canals to water users. State variables, including aquifer hydraulic head stream flow



and surface water/aquifer interﬂo'w, are represented tﬁrough discredited convolution
integrals and influence coefficients. Results of application to a hypothcticai ‘study area
under several scenarios indicate that the more details used to represent the physical
systerh, the better the. conjunctive management.

Pamela-G. Emch and William W-G. Yeh (1998) developed a model for
managing water use within a coastal region. Two conflicting objectives are
considered: cost effective allocation of surface water and groundwater supplies and
minimization of salt-water intrusion. Optimal control of the system is examined by
studying the response of these objectives to changes in groundwater pumping rates
and transfer of surface water between sources and users. The objectives, some of the
constraints and the groundwater flow equations are formulated as non-linear functions
of the decision variables. The flow model simulates the flow of the groundwater using
quasi three-dimensional finite difference model based on the sharp interface

assumption. The multi objective aspect of the .problém is solved using constraint

method.

Tracy Nishikawa (1998) has developed a simulation-optimization model for
optimal management of the city of Santa Barbara's water resburces during a drought.
The model which, link s groundwater simulation with linear programfning, has a
planning horizon of 5 years. The objeétive'ié t6 minimize the cost of water supply
subject to: water demand constraints, hydraulic head constraints to control sea water
intrusion, and water capacity constraints. The decision variables are monthly water
deliveries from surface water and groundwater. The drought of 1947-51 is the city's
worst drought on record, and simulated surface water supplies for this period were
used as a basis for testing optimal manégcment of current water resources under
drought conditions. This simulation- optimization model. was applied using three
reservoir operation rules. In addition, the model's sénsitivity to demand, carryover [the
storage of water in one year for use in a later year(s)], head constraints, and capacity .

was tested.

2.3  Concluding Remarks

The literature review reveals that in conjunctive use model, system approach
and its frame works of mathematical models have been widely used by various

investigators.



The Dynamic Programming was applied for conjunctive use in the early stages
(Buras, 1963: Burt, 1964; Aron, 1969), but the unsuitable of this approach is related to
the regional analysis, because of dinlcns"ibflality problem resulting from the large

number of state variables associated with grpundWater.modelmg.

Simulation models have given solution to these problems by incorporating full
scale distributed parameters, but it only always the comparison of direct maximization
or minimization of a particular objective. An array of feasible solution is Qbfained by

this technique, from which a near optimal solution is identified.

- The model based on Non-Linear Pfo_gramming by Wills et. al (1989) allows-the
most general formulation, but computer requirement and the convergence rate of the

algorithm are major obstacles in the solution of large scale practical problems.

Linear Programming (LP) modcis used by many investigators have given
satisfactory solution of conjunctive use planning problems. However, they have a
limitation of Ilinearising the objective function and constraint. The Linear
Programming model proposed by; Roger and Smith- (1970) used by many subsequent
investigators viz,. Khare (1994) seems té_.» have an edge qi/er other LP formulations

considering the derived result.

The mathematical models of different varieties are available which can solve
complex problem involving complexity and.extensive data requirements; however
these models are still unknown to the practicing engineers and planner, particularly in
developing countries. It is not always certain that the result obtained from
sophisticated and expensive models would much better then those obtained from less
detailed models related to conjunctive use. By considering -above discussion, attempt
has been made to study conjunctive use management by using Linear Programming
model for allocation policies, and study poési_bilities of different cropping pattern in

the study area.



CHAPTER 3

THE STUDY AREA AND'DATA ACQUISITION

3.1 General
The area selected for optimal cropping pattern chandok branch. of Eatern

Ganga Canal that includes seven distributaries; Sabalgarh Dy, Mabndawali Dy,
‘Raipur khas Dy, Nagal Dy, Mandawar Dy, Maheswary Dy. Chandok Branch takes off
from main canal of the Eastern Ganga Canal System at ch. 0+30.775km.

-3.2 Historical Background

The EGC system (Fig. 3.1) commissioned as far back as has its origin from the
mythological river Ganga. This system éomprises of 6142.82 km main and Branch -
canals 155.17 km and watercourses 14‘8'9.00 km and 1.05 lacs hect. Of culturable area,
the total length of canal is ‘54.2 km ffofn head to 0.5 km and from 2 km to tail the
section of main canal would be lined,.From 0.5 km to 2 km the alignment passes
through hilly terrain and consists twin RCC barrels. The capacity of the canal af head"
will 164.3 cumecs (5800 cusecs) out of whi(;h about 27 cumecs (950 cusecs) is before
operating the silt ejector located at 0.4 km of canal and the remaining is for utilization
in the proposéd commanded for rice” itrigation. from June to September. The

. distributaries are to offtake from the main canal to irrigate some smaller doabs.

(a) Chandok Branch pt of offtake = . | _ o 32.6 km of main canal
(b) Najibabad Branch pt of offtake - - : . 44.6 km of main canal
(c) Nehtaur Branch pt of offtake : 46.6 km of main canal
(d)Nagina Branch ptof offtake o 54.2 km of main canal

The gross command area of Eastern Ganga Canal works out to 7,44,456 acres
and the culturable commanded area 5,7_3,891 acres. The proposed area for rice

irrigation at the rate of 45% of CCA wbrkohf to 2,58,251 acres.

For the present study Chandok branch of the EGC is considered.Chandok
branch and its distribution system shall irrigate the Ganga-Malin doab. Gross
command area and culturable area for this doab is 1,14,156 and 95632 acres
respecﬁvely. The rice area to be irfigatt; in this doab is 43034 acres. The length.of

channels including branch, distributories and minors would be nearly 280 km. The

10



" head discharge of chandok branch is 22.4 cumecs (790 cusecs). It has been worked

out an outlay factor of 55 at head of the branch canal.

3.3 Location

The head works of the prdposed scheme is located in district Bijnor of Uttar
Pradesh. The main canal with a head discharge of 5800 Cusecs would take off from
the left bank of River Ganga Canal lies almost entirely in district Bijnor and partly in

Moradabad district.

33 Topoéraphy of the command

The command area of the system is not uﬁdula_ting except in small pockets
here and there land shaping done farmers own labour ap'd bullocks. The proposed
command area of the Eastern Ganga Canal lying almost in District Bijnor is already
under cultivation and habituated. The monsoon surplus of river Ganga from June to
September shall be diverted to this canal for utilization in the proposed command of
the projeg:t. The main canal would pass thro‘ugh hilly terrain from km 0.5+2.0 and
sufficient space is not available between the toe of hill and the Ganga River Khadir in

this reach for construction an open channel.

3.4 Climate

The climate of the command of Eastern Ganga Canal system is tropical
monsoon climate. It is characterized by general wetness of the air. These are three
district seasons in the area. Hot summer from March to the middle of June and the wet

monsoon from May to June to the end of October follow the winter season from

" November to the end of February.

Temperature in the project area remains high (350<;) during the dry months of
May and June 80% annual rainfall occurs in the months of June, July and August. The
rainfall data of study area is 1000mm. The average annual rainfall during the month
of June to October is about 850mm. Temperhture and humidity is high through the
year. The mean maximum monthly temperatﬁre ranges 31.14°% and the mean
minimum monthly temperature ranges from 7.02% to 12.03%. The mean monthly
relative humidity ranges from @3 Jito F%7/. . The details of data are given in Table 2.

The rain gauge area established in nearly the command is at Roorkee and

Muzaffaernagar, where the .daily observation of rainfall - - . "-_ and other

11



climaﬁcally data are taken. The monthly abstract for eighteen years (i.e. 1986-2004)
of one rain gauge station suited at -Roorlg'éé‘ZWRD&M (vicinity of the command area)
is furnished in Table’i.3 other climatical_ly p%rameters sucﬁ as Temperature, humidity,
wind velocity, sunshine hours, number of rainy in a r'non.th alohg with month mean

rainfall for the WRD&M Roorkee station in furnished month wise.

3.5 Ground Water Table

' The depth of ground water table in the month of Oct. and Nov. are very deep
in the areas Nagal, Bijnor and Kiratpur ranging from about;bl_,(;‘" toJF-4#They are
especially very deep in the area around Nagal where they range sy ¢ 1g™, In the area
around Nagina, Chandpur and Mandawali grouﬁd water table vary from about 2.~

to .42,
3.6 Soil

The soil in the command of EGC is generdlly light loamy soil except in the
northern areas of the Malin chhoya, chhoyan-ban, Ban-Gangan and Gangan kho
doabs falling in najibabad, Kiratpur and Kotwéli biocks. The loamy soil is most of the
command and very suitable for rice cﬁltivation. The road_ borrows pit show that- the
soil is generally sandy loam. In sorrie reéghes it is mixed with clay also. The soil in
the rest of the reach of the main canal from 29km to tail generall}:; consists of light

(loam soil) or Domat.
3.7 Rainfall

The rainfall pattern of the command the perusal of which would indicate that
annual rainfall in the area proposed to be commanded by the project varies from 8% ws
toreowiThe rainfall is however unevenly distributed during the rainy season the spells

of dry weather are encountered.

3.8 Hydrology

River Ganga has two tribqtaries ‘Bhagirathi and Alakhnanda, which combine
together at dewprayag to form gangariver. Ganga hds i,tsi soﬁrces in the Himalayan
glaciers and in this a snow fed river. There is a Ganga site on river ganga at Raiwala
at about 8 km upstream of Bhimgoda weir where Ganges are observed and are

connected to the corresponding- discharges observed at Bhimgoda weir. No major
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stream joins river Ganga between Raiwala and Bhimgoda and discharge can be taken

as equal.
3.9 Present Situation of Project

The present situation of the cropping pattern of chandok branch canal of EGC
command is described in this section. The cropping patterns and land occupation

intensities are shown in table;

S.N. | Name of the crops | With project % area | Without project % area
1. Rice T 2487 25.73
) Wheat 34.82 11.44
3. Maize 224 2.86
. Barley 174 2.86
5. Jwar 17.9 8.58
6. Gram 4,97 ] 11.44
7. Pea 1,99 | 10.86
[s. Groundnut 493 11.44
9. Potato 0.59 5.15
10. Berseem 027 051
11. Bajra 2.68 - ' 0.57
12. sugarcane 16.31 8.58

This project is established for only the rice crop. The cropping pattern shows
that area under rice crop is only 24.87% of total CCA. Farmers are more moves
. towards the sugarcane. Due to various reason listed below farmers are not growing
‘Tice;

- It requires more water throughout the period.
- Uncertainty of water distribution amoné the farmers.
- Only head reach farmers can get the water in time.
- A particular type of top level fields is needed where water can be stagnated to
equal depth.

- There is acute shortage of labour at the time of sowing, weeding, puddlig and
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harvesting of crops. This may be the major reason for,'not coming up for rice
crop in this command. . |
- The net benefit of sugarcane is more than rice, wheat, so farmeré are more
growing sugarcane being cash crop. B '
- Due to shortage to cold storage facility farmers are not growing potato crops.
- - Lackness of knowledge about fertilizers, weedcites, pesticides dose, depth of
water use in crops. '

- The agriculture extension service is ineffective in this region.

Salient feature of EGC system

S.N. ‘ JITEM "~ PROJECT PI_{OPO._SALS
1. Source of Supply B | _ :  RIVER GANGA
2. Location of Head Works , :Left bank of Existing Bhimgoda
. | Barrage across River Ganga at
._ Haridwar
3. Command of the project ' District Bijnore,Haridwar; and Syotiba

FueNoag » Bounded between Ganga on west,
' River Khoh on South and Ram

Ganga feeder Channel on south

4. Gross Command Area :  3.01 Lac. Hect
5. Cultural Command Area | A :  2.33 Lac. Hect
6. Proposed Rice Irrigation ' : i 45% of C.C.A.
7. Proposed area of Rice S : : 1.05 Lac. Hect
8. Peak Water requirement ' " :  137.4 Cumecs
9. Total Peak requirement including | : 164.3 Cumecs
' ‘Silt Ejector rcquiremenfs
10. Head works o . : 3*18 meter wide sluice bays.
11. Pond level : 293.70 m max. ; 290.20m min
12. _MAIN CANAL . |
(a) Head regulator - : 4 bays of 11.0 meter
o wide each with three 2 meter thick piers.
(b) Head discharge : : 164.30 Curﬁecs Including silt ejector

- 14



(c) Length
Lining

Boulder lining & Tile lining
Tunnel, Cut & Cover
Unlined

(d) Land

13.

14.

15.

16.

17.
18.
19.

20.
21.

Total permanent land
Forest Land
Cultivated Land
BRANCHES
(a) No. of Branches
(b) Total Length
(c) Total permanent Land
Forest Land
Cultivated Land
DISTRIBUTION SYSTEM
(a) Total Iength

(b) Total permanent land
DRAIN
(a) Total length
(b) Cost
WATER COURSES: . -
(a) Total length
(b) Cost
Cost of proiect at 7/04 price level

Cost of project per Hect. f irrigation

AGRICULTURAL PRODUCTION
- (a) Additional Yield in Rice
(b) Additional Yield in sugarcane

(¢) Cost of additional production
BENEFIT COST RATIO
YEAR OF COMPLETION

48.55 Km

32.50 Km
1.005 Km
15 Km

503 Hect
327 Hect
176 Hect

S
1155.17 Km
984.00 Héct
15 Hect
969 Hect

489Hect
3114 Hect

432 Km
Rs 1603.80 Lacs

4450 Km
426390 Lac
751 52 Crore
Rs 71573.00

1730 Lac Qtl
185.7 Lac Qtl
25652.00 Crores
1.65:1

2006 - 2007
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CHAPTER 4

COJUNCTIVE USE IRRIGATION PLANNING MODEL

4.1 General
In this chapter, a conjunctive use irrigation planning model has been formulated

for maximizing the net benefits i.e. profit from irrigation works after accounting for
annual equivalent uniform capital costs and monthly operation and maintenance costs of
canal water supply system, ground water pumpage system and ‘drainage system. The
model] also incorporates the investments on land leveling and flood protection works.

4.2 Objective Function
The general form of objective function can be expressed as below,

Maximum net benefit =
Benefit from Capital cost.- Operation and
irrigation of irrigation - | maintenance cost of
works works - irrigation works
Maximum Net benefit =

 {
2 (P,Y;-E;)A, -[C;C¢ +C3Cq + CFC,, +(C} +CP)T,,
J- - .

—4.1
J
+ 2 [ComCi +Gou (G +Gg)D gy Di]
Where
] = Crop .
P; = Price of j™crop (Rs. /Quintal)
Y; = Yield ofj" crop (Quintal /Hectare)
Ej = Expenditure on cultivation of j" érop (Rs /Hectare)
A; =  Area under jth-crop | ’
C; = Equivalent uniform annual cap'ital cost canal (Rs/ha.m.)
C. = Capacity of canal (ha.m.)
Cf "= Equivalent uniform annual cost of ground water pumping system (Rs/ ha.m.)
C; = Capacity of ground water pumping system (ha.m.)
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C? = Equivalent uniform annual cost of drainage system (Rs/ ha.m.)

C, = Capacity of drainage (ha.m.) ’

C,F, = .Annual Capital cost of flood p'roté'ction system (Rs/ ha.m.)

C; = Annual Capital cost of land levelling system (Rs/ ha.m.)

T,, =  Totalirrigated area available for culti\{at‘i_on

Cow = - Monthly operation and maintenance cost of canal (Rs/ ha.m.)

C, =  Diversion from canals in any month i (Rs. ha.m.) |

i = Month

Gou =  Monthly operation and maintenance cost of ground water pumping system
(Rs/ ha.m.) 4

G, = Ground water pumpage through tubewell system for irrigation during

i"™ month' (ha.m..) |

G, =  Ground water pumpage through tubewell system directly into drainage
system.

Doy =  Monthly operation and maintenance cost of drainage system (Rs/ ha.m.).

D, =  Drainage diverted in any month (ha.m.)

The equation 4.1 is general from of the objective function. However for the
present study the objective function is as follows:

J
> @Y, ~EDA;-[(C;Cc+CsCY
J=1

Max. (Net. benefit) = --4.2

| B
+ 3 (ComCi+G oGyl
JE.] OM .OM ti)

4.3 Constraints
The objective function is subject to the following constraints.

4.3.1 Crop area constraints
Sum of area under various crops in a month cannot exceed the total irrigated area,

available for cultivation, i.e. .

Where, ' .t
B; =Land use coefficient for j*" crop in ith month -

Tia = Total irrigated area available for cultivation.

18



»

4.3.2 Crop water requirements constraints

Water requirements of various crops are met in each month and they cannot

exceed the monthly surface and ground water diversions.
4 .
E AW, s (C,;+Gy).
1-1 |

or, (E AWH)-Ci=G; =0 - 4.4
Where, _ '
W; =water requirement for j* crop in i month.

4.3.3 Ground water pumping constraints

Ground water pumped in a year should not exceed the annual ground water draft.

2(_;,,. <=Gp ' . 45
Where, .
Gp = Annual ground water draft.
4.3.4 Constraint for crop management and socio-economic needs
A;>p’Tia - 4.6
Where, '

p’= percentage of total irrigated area allotted to j crop.
4.4 Formulation of the conjunctive use model
This section deals with various calculation of objective function and constraints of
the area under study. For the smooth fitting of the model, few assumptions are made
~ which are described in subsequent paragraph.
44.1  Assumptions | '
The following assumptions have been made in the study
)] The canal water supply is aVéilab_ie for the five months.
(ii) Adequate power and diesel w111 bé available for running the pumps at
required capacity and time. - . ‘ |
(iii) There exists adequate natural drainage in the area and there are no

expenditures on drainage provisions.

@iv) There are no investments on land leveling and flood protection works in the
* Study area. ' | '
v) The area is free from water logging, water salim’fy and leaching problems.
(vi) There is no ground water pumpage through tubewells directly into drainage
system. -
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(vii) The yield of the crops included in the study has been assumed as fixed on
the basis of sample survey of the sfudy area and the information are available
from land record office, Bijnor. -

4.4.2 Datainput
The present section describes the data input to the model (described in section 4.2

and 4.3)The list of variables, namely crops variables (X}, X2, X3--mmmmmmmmmmeme X12),
monthly surface water diversion variables (Xj3 ,X14 Xis --=------ Xo4),
monthly ground water with drawl variables _(XZS,XZE,,XU' - X36) has

been given in Appendix 1.

4.4.2.1 Benefit from irrigation works )

For calculation of benefits from irrigation works 12 crops have been selected on
the basis of the statistics of crops grou ‘in the study area. Optimal inputs of fertilizers
and water use for high yielding varieties of crop as well as the expenditures on
weedicides, insecticides and pesticides, plant protection, nursery preparation (where
applicable), irrigation charges, land revenue, capital charges of implements and
machinery (including  depreciation and interest on capital), tractor ploughing,
expenditures on harvesting and threshing have been.taken into account. Benefits from
bye-product of the crops (where applicable) have also been considered. The detailed
calculation of net annual benefits from irrigation works are given in table 4.1. the values
assumed in this. table are reasonable and realistic since these are based on field survey and
information available from land record offic.e,Bijnor. Benefits for the selected crops listed
in Table-4.1 have been introduced in the objective Function of the model, Eq (1) chapter -

4 and the resulting expression is given in Appendix-2.

4.4.2.2 Capital and o&m costs of irrigatibn works

As per the EGC system the total capital cost of chadok branch canal would be
125000 MRs so the Annual capital cost required to work out the unit cost can be
computed using the following formulae.

c 1+ i) - 4.7

Annual capital cost, A =
. (1 + i)y -1

Where,
A = Annual capital cost (Rs.)
C = Total capital cost (Rs.)

i = rate of interest (%)
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n = Useful life (Years) _
So, the annual capital cost with 10%.rate of interest and 25 Years as useful life to
be, A = 1373.13 lakhs. “ '
With 130 days of canal operation in a year,
the volume of water = 24867.64 ha-m.

."« Unit cost = 5522.15 Rs/ ha-m.

Adding 1% as O/M cost
Total unit cost = 6074.34 Rs/ ha-m.

4.4.2.2  Capital & O&M cost of ground water
For the same study area a relationship was established for obtaining the unit

cost of ground water system in terms of depth to water table as under. (Khare ,1994)

Considering capital costs alone

CFC = 50.21*d, + 11.34.57 4.8
Considering O & M costs alone .
CFO = 116.79 *d, + 428.91 --- 4.9

Considering capital costs alomi
CFT = 167.00*d, +1563.48 4.10
Where, dw is the depth to water table (m).
CFC is Capital cost function
CFO is O & M cost function’
CFT is Total cost function

44.24 Constraints
The details of the input data for the various constraints are as follows:

4.4.2.4.1 Crop area constraint _
The crop area constraint is given by Eq. 4.3. The crop calendar based on the

existing practice of crop cultivation in the study area has been adopted on the basis of the

sample survey of the area and as per information available from EGC system S.D.O

office Bijnor. The details of the crop area constraint equation are given in Appendix — 3

(A)-
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Net Annual benefits for various crops (Rs. Hectare) Sheet — 1

Description Rate per 1. Berseem 2. Pea 3.Potato
S.N. ' Unit | 2 No of No of No of
| EXPENSE unit (Rs) 1 it Cost units Cost | unis Cost
1 Human‘Labour Day [ 100.00 20.00 [ 2000.00 | -5.00 500.00 100.00 [ 10000.00
p | Tractor charge (ploughing) | 15 | 1000.00 | 2.00. | 2000.00 | 4.00 | 4000.00 | 6.00 | 6000.00
3 Seeds kg 35*25 875.00 | 90*40.0 3690 15*2000 30000
4 ~ Insecticites/pesticites L.s. ;
5 Fertilizers
(@) D.AP. kg 10.00 45.00 450.00 40,00 400.00 150.00 [ 1500.00
(b) N.P.K. kg 8.00 45.00 360.00 45.00 360.00
(C) Seperphosphate kg 5.00 80.00 400.00
(d) Muriate of Potash kg 5.00
(e)Urea kg 6.00 20.00 120.00 20.00 120.00 [ 80.00 480.00
6 Plant protection L.s.
7 Nursary Protection L.s.
Irrigation charges
8 { canal/Tubewell) L.s. 125 150
9 Land Revenue L.s. 100 60.00
10 Capital charge of L.s.
implements $machinery
(including depreciation $
interest on capital) 120 120
11 Harvesting $ Threshing
{a) Human labour day | 100.00 | 20.00 2000 15.00 | 1500.00 | 60.00 | 6000.00
(b)Bullock labour day [ 250.00 A
(C) Tractor charge Ha | 1100.00 1.00 1100.00
12 | Interest @ 12% on items 1 '
to 7 for crop period 406.35 634.90 3386.60
13 Transportation Charges 4000.00 1100.00 6000.00
14 Total Expanses (Rs) 12456.35 13404.90 63826.60
(B) BENEFITS
1 Yield of main product
(quintalsg) £30-00 N 17+ 60 - Asp 60 g
2 Price per quintals of main
products 50.00 1500.00 300.00
3 Value of yield of main
product (Rs) 27500 25500 105000
4 Yield of bye
products(quintal)
5 Price per quintal of bye
products
6 Value of Yield of bye
products(Rs)
7 .
: Total Benefits (Rs) 27500 25500 105000
Net Benefits(Rs) 15043.65 12095.10 41173.40
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Net Annual benefits for various crops (Rs. Hectare) Sheet - 2

6. Groundnut

SN Description - p::razt;it v f4' Rice v sf Bajara oot
.N. o0 oo oo
(A) | EXPENSE Rs) | units | ' | unts | COS! units Cost
1 | Human Labour Day | 100.00 | 1500 | 1500 4.00 400 15.00 1500
Tractor charge
2 | (ploughing) Ha | 1000.00 { 5.00 5000 4.00 4000 3.00 3000
3 Seeds kg 7.5*100 750 20*20.0 400 35.0*120 4200
4 | Insecticites/pesticites | L.s. 500 ; '
5 | Fertilizers
(@ D.A.P. kg | 10.00 | 50.00 500 30.00 300 100.00 1000
{b) N.P.K. kg 8.00
(€) Seperphosphate kg 5.00 50.00 250
(d) Muriate of Potash kg | 5.00 30.00 150
(e)Urea kg | 6.00 | 100.00 | 600 - | 50.00 300 70.00 420
6 | Plant protection Ls.
- Nursary Protection Ls.
Irrigation charges
8 | (canal/Tubewell) Ls. 250 250.00 400.00
9 | Land Revenue L.s. 150 1150.00 200.00.
10 [ Capital charge of Ls. ' ' S
implements
$machinery . (
including depreciation
$ interest on capital) 150 120.00 100.00
Harvesting $
11 | Threshing
{a) Human labour day | 100.00 5.00 500.00 15.00 | 1500.00 4.00 400
(b)Bullock labour day | 250.00 6.00 1500.00
(C) Tractor charge Ha {1100.00 | 2.00 - | 2200.00
12 | Interest @ 12% on ' '
items 1 to 7 for crop .
period 637.00 388.50 708.40
Transportation '
13 _| Charges 360.00 360.00 350.00
14 | Total Expanses (Rs) 13347.00 9818.50 -| 12078.40
(8) | BENEFITS
1 | Yield of main A
product(quintals) Aapo 30-00 | 3000 . | 4e: 80
2 | Price per quintals of :
main products 600.00 ! 750.00 700.00
3 ] Value of yield of main
product (Rs) 27000 22500 28000-
4 | Yield of bye :
products(quintal) [%0. 60 Fo. 80| 7900 | lOeO =
5 | Price per quintal of oo
bye products 25.00 24.00 . 15.00
6 | Value of Yield of bye : '
products(Rs) 3000 1680.00 _
7 " | Total Benefits (Rs) 30000 24180 28000 _
8
Net Benefits(Rs) 16653.00 14361.50 15921.60 |
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Net Annual benefits for various crops (Rs. Hectare) Sheet — 3

. . . Mai
on Description it | 5 zaf,iit - 7f Wheat N8 f Sugarcane — 9f aize
N, 00 00 "NOO
A) EXPENSE ®Rs) | unts | CO% units Cost units | OOt
1 Human Labour Day | 100.00 | -5.00 | 500.00 25.00 2500.00 5.00 500.00
" Tractor
2 charge(ploughing) Ha | 1000.00 | 2.00 | 2000.00 4.00 4000.00 | 5.00 | 5000.00
3 Seeds k 11*110 | 1210.00 | 0.7*6000 | 4200.00 | 40*18.0 | 720.00
4 Insecticites/pesticites | L.s. 1000.00 2000.00. | 500.00
5 ° Fertilizers
{a) D.AP. k 10.00 | 125.00 | 1250.00 | 200.00 | 2000.00 | 50.00 | 500.00
(b) N.PK. kg 8.00
(C) Seperphosphate kg 5.00 ,
(d) Muriate of Potash kg | 500 |100.00 | 500.00 | 100.00 500.00 30.00 | 150.00
(e)Urea kg | 6.00 | 125.00 | 750.00 | 200.00 | 1200.00 | 40.00 | 240.00
6 Plant protection L.s. ‘ '
7 Nursary Protection L.s.
8 Irrigation charges Ls. 750.00 | 750.00 1500.00 600.00
_ ( canal/Tubewell)
9 Land Revenue L.s. - 250.00 | 250.00. 250.00 150..00
10 Capital charge of L.s.
implements $machinery
(including depreciation $ . .
interest on capital) 200.00 | . 200.00 200.00 150.00
11 | Harvesting $ Threshing '
(a) Human labour day | 100.00 | 20.00 | 2000.00 | 150.00 | 6500.00 | 70.00 | 7000.00
(b)Bullock labour day | 250.00
(C) Tractor charge Ha | 1100.00 | 1.00 | 1100.00
12 | Interest @ 12% on items :
1 to 7 for crop period 504.70 37.03 1008.00 532.70
13 | Transportation Charges 1000.00 8000.00 600.00
14 Total Expanses (Rs) 13014.70 31858.00 16492.70
(B) BENEFITS
1 Yield of main
product(quintals) Soe00 \boo. oo - Fo-5° :
2 Price per quintals of
main products . 500.00 130.00 360.00
3 Value of yield of main ,
product (Rs) 25000 130000 25200
4 Yield of bye
__products(quintal) 22000 - 300°60| ~ | §©°00
5 | ‘Price per quintal of bye . . )
products 20.00 20.00 15.00
6 Value of Yield of bye -
) products(Rs) 4400 6000 2250
! Total Benefits (Rs) 29400 136000 27450
8 Net Benefits(Rs) 16385.30 104142.00 10957.30
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Net Annual benefits for various crops (Rs. Hectare) Sheet -4

. a; 10. Barl 11. Gra 12. Jowa
S.N. Description . Rate_ ) 0 ey LU d
Unit | perunit’| Noof Cost No of Cost | No of Cost
A) EXPENSE | (Rs). | units units units
1 Human Labour Day 100.00 5.0 500 - 5.0 500 , 5.00 500.00
2 | Tractor charge (ploughing) | Ha | 1000.00 | 4.0 4000 3.0 3000 5.00 | 5000.00
3 Seeds kg 2555 | 1375 | 35%5 | 135 9*110 | 990.00
4 Insecticites/pesticites Ls. . ’
5 Fertilizers , .
(@) D.A.P. kg 10.00 | - 80 800 ['1000 | 1000 | 125.00 | 1250.00
(b) N.P.K kg 8.00
(C) Seperphosphate kg 5.00
(d) Potash kg 5.00 100.00 | 500.00
(e)Urea kg 6.00 40 | 240 50.0 300 | 125.00 | 750.00
6 Plant protection L.s.
7 Nursary Protection Ls.
Irrigation charges (] RN A
8 canal/Tubewell) Ls. - 100 100 | 500.0 | 750.0 | 750.00 | 750.00
9 Land Revenue Ls. . 250 250 | 2500 | 250.0 | 250.00 | 250.00
10 Capital charge of Ls. L
implements $machinery A
(including depreciation $ 200 200 200.0 | 200.0 | 200.00 | 200.00
interest on capital)
11 Harvesting $ Threshing ,
(a) Human labour - day | 100.00 25 2500 25.0 2500 20.00 | 2000.00
(b)BU"OCk labour day 250.00 . ‘
(C) Tractor charge Ha | 110000 | 0.5 550 | 05 1500 | 0.50 | 550.00
12 | Interest @ 12% on items 1 ' - :
to 7 for crop period _484.05 | ; 345.45 629.30
13 | Transportation Charges 500.00 1000.00 500.00
14 |  Total Expanses (Rs) 11499.05 11480.45 1386930
BENEFITS
(B)
1 Yield of main ‘
product(quintals) 4eipo 101 60 - |hgwo
2 Price per quintals of main :
products 400 2000 400.00
3 Value of yield.of main .
product (Rs) 18000 20000 18000.00
4 Yield of bye ~ '
products(quintal) - 250460 . |200w _ 22508 -
S Price per quintal of bye i ,
products 25 25 __30.00
6 Value of Yield of bye
' products(Rs) 6250 5000 6750.00
> . -
Total Benefits (Rs) 24250.00 25000.00 24750.00
8 : ' - ‘
Net Benefits(Rs) 12750.95 13519,55 10880.70
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4.4.2.4.2 Crop water requirement
Crop water requirement is defined as the quantity of water utilized by the

plant during its life time; this water may be supplied either entirely by rainfall, entirely by
irrigation or by a combination of both. The water requirement of a chosen cropping
pattern is compared with the available -water resources to determine the maximum
cropping intensity and extent of irrigable area.
Following steps are to be involved in estimation of crop requirements

(a) Estimation of monthly reference crop evapotrans:piration (ETo) ,('Table 4.4)

(b) Estimation of crop coefficient (Kc), [Table 4.5a-h]

(c) Estimation of crop water requirements, [Table 4.6a-h]

- Cropping Pattern

This section limited to a discussion of cropping pattern in relation to water
availability and assumes that farmers will continue to plant rice in preference to other

crops with lower water requirements.

In general terms the annual cropping pattern can be divided into three seasons:

(i) Monsoon rice July- November
(ii) Pre- monsoon rice March — June
(i) Winter season crop December — February/March.

The main rainy season is from July to September and farmers expect to crop 100%
of their land with monsoon rice. The peak irrigation requirement for monsoon rice is
normally in late September and October. When rainfall is much reduced, although in

some circumstances the peak may be in June to July.

- Reference Crop Evapotranspiration (E’i‘o)

Reference crop evapotranspiration (ETo) represents the rate of evapotranspiration of
an extended surface of an 8 to 15 cm tall green grass cover, actively growing completely
shading the ground and not short of water. '

Thereargseveral methods of calculating ETo, the best review of these is provided by
FAO irrigation and drainage paper No. 24 “Crop Water requirements”. The four methods
presents presented,

- Blaney-Criddle,
- Radiation,
- Modified Penman and

- Pan Evaporation method,
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Using the main daily climatic data for 30 or 10 days periods. ETo is
expressed in mm/day and represents the mean value over that period. Primarily the choice
of method must be based on the type of climatic data available and on the accuracy
required in determining water needs.

Climatic data needed for the different methods are:

Method _|Temperature|Humidity|Wind|Sunshine|Radiation|Evaporation|Environ
Blaney-
criddle * o 0 1|0 0
Radiation [* 0. 0o I~ *) 0
Penman [* : * LR *) 0
Pan _ -
evaporation 0 0 T S *

* Measured data; 0 estimated data; (*) if available, but not essential.

Concerning accuracy, only approximate possible errors can be given since no base line

type of climate exists. The modified Penman method would offer the best results with

minimum possible error of plus or minus 10% in summer, and up to 20% under low
evaporative conditions. The pan method can be graded next with poséible error of 155
dépending on the location the plan. The radiation method, in extreme conditions, involves

a possible error of up to 20% in summef. The blanney-Criddle method should only be

applied for periods of one montﬁ or ldnger; in humid, windy, mid-latitude winter

condition an over and under prediction of up to 25% has been noted.

Formula of the modified penman method is
ETo = [W.Rn + (1-W).f(u). (es-€)]

CALCULATION OF ETo BY MODIFIED PENMAN METHOD
C.1 Reference crop Evapotranspiration (ETo) - ,

The form of the equation is
Eto = C [W. Rn +(1-W).f(u). (es-€4)]

Where,
e, = Saturation vapour pressure at mean temperature in m/bar

eq =actual vapour pressure, e;* RH /10 (m/bar)

f(u) = wind function

27



f(u) =O.27(1+u/100), where u is 24 hour wind run in km/day at 2 m height.
R, = total net radiation in mm/day 6r |

R, = 0.75Rs- R, where,

Rs = incoming short wave radiation in mm/day either measured or obtained from
Ry =(0.25+0.50n/N)R,

R, = extra- terrestrial radiation in mm/day (Table No. 10)

n = mean actual sunshine duration in hour /day

N = maximum possible sunshine duration in hour /day

R, = net long wave radiation in mm/day an'c'i._

Ry = f(T).f(n/N).f(eq)

where,

f(T) = function of temperature (table 12)

f(eq) = function of actual vapour pressure (Table 13)

f(n/N) = function of the ratio of the sunshine duration (Table 14)

w = temperature and altitude dependent weighing (Table 15)

C = adjustment factor for ratio U day/Unight , for RHn. and R, (Table 16).
The estimation is carried out in five steps: .

(i) Calculation of saturation deficit (e, — eq)

* (ii) Estimation of the wind function f(u)

(iii) Calculation of net radiation (R,)

(iv) Estimation of weighing factor

(v) Estimation of the adjustment factor

C.2 Calculation of the Saturation Deficit (e, — eq)

Calculation of e,

The mean maximum and minimum temperature for each month are calculated

and averaged to give the mean monthly temperature (Tmeun)
Using Tpesn in table 9 (FAO No.33) gives e, in millimeters.

Calculation of ey
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Generally humidity data is recorded at 0840 hours and 1740 hours each day. For practical
purposes the average of these two reading ‘can be taken as the daily mean relative

humidity and the average of the daily figures as the monthly mean (RH mean). Then

*. ea

100
C.3 Estimation of the wind function f(u)
(a) Station with Record Wind Speed
Wind function f(u) is defined as

€y =

U
(f(u) =0.27(1 + -10—0)

Where, U is 24- hour wind run in km/day at 2-m height. Where wind data are not
collected at 2-m height, the approximate correction for wind measurements taken at

different heights are given below:

Measurement height | 0.5 1.0 1.5 20 (3.0 |40 5.0 60

m

Correction factor 1.35 115 [1.06 10 | 093 0.88 0.85 0.83

(b) Station where wind Records are not Kebt

Due to topography and limited data it hias not been possible to derive a model for the
country as a whole. Therefore a subjcc_:tivé estimate has to be made taking into account
local experiences, wind data from the nearest station and topography. table C.1 gives

’

values of f(u) for several wind strengths.

Table C.1 Variation of f(u) with Wind Run-

Wind Range of wind run | Average (km/day) f(u)
(km/day)

Light <175 85 ' -0.50

Moderate 175-425 1300 108

Strong 426-700 | 560 1.79

Very strong >700 | 800 243
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C.4 Calculation of Net Radiation (Rn)
Derive Total Radiation (Ra)
This figure in millimeters per-day equivalent evaporation is obtained from
Table 10 and depends on the latitude.of the station and the time of the year. Calculate
Ratio of Actual Sunshine hours to Maximum Possible Sunshine Hou;s (n/N)

(a) Where sunshine records are kept from the records calculate the average daily
sunshine hours per month. The figure from mean daily maximum possible sunshine
hours is obtained from Table 11 The ratio n/N can then be calculated.

(b) Where sunshine records are not available.

The following equation is used to derive n/N in these situations.
n/N =A+BP+CP '
Where, P = monthly precipitation in millimeters; and A, Bi,and c are constants which

depend on the geographical location and the elevation of the site being analyses.

C.5 Weighing factor (W)

The value of the weighing factor (W) is derived from the Table No. 15 (FAO No. 33),

which relates to Tcan and elevation.

C.6 Adjustment factor (C)
The adjustment factor can be taken as 1.0.
- Crop coefficient (Kc)

To an account for the of the crop characteristics on crop water requirements, crop

coefficient (Kc) are presented to relate ETo to crop evapotranspiration of a disease free

crop grow in large fields under optimum soil water and fertility conditions and achieving

full production potential under the given growing environment.

ET crop can be found by
ETc = Kc*ETo
Factor affecting the value of crop coefficient (Kc) are mainly crop characteristics,
crop planting or sowing data, rate of crbp development, length of growing season and
climatic conditions. Information about crop planting and sowing seas,on along with initial,
crop development, mid season and late period has been collected by sample survey of the
study area.

For determination of Kc following steps have been‘followed :
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(i) Initial stage: - This is the period from sowing tran.splanting to the ground cover of
about 10 %. . .

(ii) Crop development stage: crop development stage aﬁd las't until the ground cover is
60%. '

(iii) Mid season stage: start in the end of crop development and last with the growing
grain formation. ' '

(iv) Late season stage: This starts from grain formation for the date of harvesting.

- Land preparation requirement

The estimates of water requirements for land preparation can be critical as they
generally cause a peak in irrigation demand, principally for the pre-monsoon rice crop.
The water is applied to make tillage cashier and to saturate the soil prior to- planting. For
paddy crops water is also required to flood the fields.

The land preparation process for pre-monsoon rice is to add about 50 mm of water
to the field prior to ploughing. After 1 to 2 weeks a further 100 mm is added for puddling
of the fields and to provide about 20 mm. depth of water during transplanting. For crop
calendars starting with monsoon rice, this requirement can be; ;net in part by rainfall and a
total of only 110 mm is needed over the up to transplanting. Where monsoon rice is
grown following pre-monsoon rice, the requirement is further reduced as the soil is easier
to prepare and it is possible for farmers to have the fields rc.ady for transplantirlg in two
weeks; the requirements is taken to be 55 mm. The water applied until transplanting
subject to evaporation losses. Thereafter the losses are included in the land preparation
requirement. For non-paddy crops the much lower land preparation requirements are

assumed to be met from 5011 moisture storage, except in the case of wheat for wh1ch 60

mm is applied to improve germmatlon

In summary, land preparation requn‘emcnts in millimeters over 15 days periods are:

Periods (15- days)

Paddy Rice 1st |- 2nd 3rd ath
Pre- monsoon 75 | .75 50 | 50
Follow paddy 55 50 50 | -
Monsoon (first crop) 55 . 1 ' 50 - 50
Dryfood crops Wheat 60 . - - : -
All other - - - -
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4.4.2.4.3 Deep percolation losses
Deep percolation losses are only explicitly considered in the calculation of

requirement for paddy rice. In the case of dry-foot crops deep percolation is indirectly
allowed for in the field efficiency factor.

_ The estimates of deep percolation losses for rice can have a major impact on the
overall calculation of irrigation requirements, and field measurement is desirable
whenever possible.The estimates of deep percolation losses for different soil categories

which can be used in the absence of field measurements is given in the table:

Estimated deep percolation Losses (ml'n/déy)

Soil Texture Newly Irrigated Long Term Irrigated
‘ >20 B >20
Sand, loamy sand .
Sandy loam , 20 10
Very fine sandy loam, - 10 ) ‘ 5
Silty loam sandy clay loam '
Silty clay loam, clay loam, 5 . 2
silty clay, clay )
Effective Rainfall

Precipitation falling during the growing period of a crop that is available to meet
the evapotranspiration needs of the crop ié called effective rainfall. It does not include
precipitation lost through deep percolation below the root zone or the water lost as surface
runoff. Since there are no records of effective rainfall available, it is-necessary to
estimates the portion of total Rainfall that can be effective. An approximate procedure for
arriving at effective rainfall is given as follows:

P, = Effective Rainfall (mm)

P. =0.8-25 if P>75 mm/month

P. = 0.6P-10 if P<75 mm/month.

For the crop, other than rice USDA method is used.

. 4.4.2.4.5 Net irrigation Requirement
In summary, the elements in the calculation of the net irrigation requirement are:

-«

Paddy: .
Crop evapotranspiration + Land preparation + Evaporation + Deep percolation -

Effective rainfall.
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Dry-foot Crops: '
Crop evapotranspiration+ Land preparation for wheat - Effective rainfall.

Field Irrigation Requirements

Basin irrigation for dry-foot crops can be reasonably efficient given good
management. However, it is still difficult to apply the desired amount of irrigation to the
furthest corner of the field without considerable over supply to the crop closest to the.
supply point. This over supply is regarded as a loss from the system and is expressed as
field irrigation efficiency. _ | _

This efficiency depends on several factoré including basin size, soil type, size of
irrigation stream, the skill of the farmers and soon.
Generally, application efficiency ranging 50-70% i.c. water stored in root zone /
water applied to field is taken for the calculation of field irrig_giion requirement (FIR).

B NIR
field Irrigation efficiency (0.75)

- Gross Irrigation Requirement
Conveyance efficiency relates to the ﬁlz_ﬁn and secondary canals and dependent on
,--seépage losses, management efficiency and losses due to rotation.

Gross irrigation requirement at the head works or at the point-of diversion, which
include all field, losses, conveyance and operational losses are worked out assuming the
conveyance efficiency ranging between 70-80% (i.e. water received at field gafe /water
released at project head). ‘ '

FIR
0.80

4.4.2.4.6 Ground Water pumping Constl-'amt

The ground water pumping constramt is given by Eq 4.5 Chapter — 4.
4.4.2.4.7 Constraint for Crop Management and Socio-economic Needs :

This constraint is given by Eq. 4.6 Chapter — 4 Based upon crop management

practices and socio-economic needs. This equation is given in Appendix — 3

®.

GIR =
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[Table No.4.5a]

CALCULATION OF COEFF ICIENT (Kc)

Name of crop: Pea

Number of days per growth stage: 24

Number of growth stage: 5

Crop period:15™ Oct to 15 Feb

Devg;’zenent valuc_: of crop Average
stage coefficient(Kc) val::; of
Initial stage 04-0.5 0.45
Crop ' B
Development
stage 0.7-0.85 0.775
Mid season 1.05-1.2 1.125
Late season 1.0-1.15 1.075
At harvest 0.95-1.1 1.025
s : Crop coefficient Kc
Month No. of days Gsl;:g;h Aé ggr ' As per month
Oct 16 1 0.45 16*0.45/16 o4
November 8 1 045_ (8+0.45+22+0.775)/30 068
22 2 0.775 . -
2 2 0775 | | o
December 26 3 1.125 (2*0.775+26*1.125+3*1.075)/31 1.10
3 4 1.075 : S
28 4 1.075 R . ;.
Jan 9 - 1.025 a (22*1.075+9*1.025)/3¢ 1.06
February 15 5 1,025 | 15*1.025/15 1.025
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[Table No. 4.5b) CALCULATION OF COEFFICIENT (Kc)
Name of crop: Potato Crop peripd:l% Nov to [§% Feb

Number of growth stage: § .
Total No.ofdays 110 days

Number of days per growth stage: 22

Crop ~ value of crop | Average
Development | coefficient(Kc) | value of
stage ke C
Initial stage |  04-0.5 0.45
Crop '
Development 0.7-0.8 0.775
stage , , ,
Mid season 1.05-1.2 1.125
Late season 0.85-0.95 0.9
At harvest 0.7-0.75 0.725
' Crop coefficient Ke
Growth. :
Month No. of days stage | Aé ger As per month
\ 22 1 0.45 * *
Navember 3 > 0.75 (22*0.45+8*0.75)/31 0.51 |
15 .2 0.75 . . |
December 16 3 1125 (15*0.75+16*1.125)/3}: 0.95
, 6 3 1.125
Jan 22 4 0.9 (6*1.125+22*0.90+3*.725)/31 | 0.93
3 5 0.725 -
February 19 5 0.725 19*0.725/19. 0.725
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[Table No. 4.5c]

CALCULATION OF COEFFICIENT (Kc)
Crop period: “**d]uly to 10%: oct

Name of crop: Maize

Number of growth stage: 5

Number of days per growth stage: 19.60 |

Total No. of days: 98 days

Crop value of crop | Average
Development | coefficient(Kc). | value of
stage - ke
Initial stage 0.3-0.5 0.4
Crop
Development 0.7-0.85 0.772
stage \
Mid season 1.05-1.2 1.125
Late season 0.8-0.95 0.875
At harvest 0.55-0.6 0.575
Growth | . Crog coefficient
Month No. of days stage | As per G.S. As permonth
19 1 04 ! * *
July 9 2 0.775 | 19%0.4+9 0.772)/23
10 2. 0.772 '
August 19 -3 1.125 ;| (10*0.772+19*1.125+2*0.875)/31
2 4 0875 | v
17 4 0.875 x * '
September i3 5 0.575 (17*0.875+13*0.575)/ 3¢
October 10 - 5 0.575 | 10*0.575/10
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[Table No. 4.5d]

Name of crop: Groundnut

Number of growth stage: 5

Number of days per growth stage:26days

CALCULATION OF COEFFICIENT (Kc)

Crop pvariod:l'g:c july tofFNov

Total No. of days: 98 days

Crop value of crop | Average
Development | coefficient(Kc) | value of
stage ke
Initial stage 0.4-0.5 0.45 !
Crop :
Development 0.7-0.8 0.75
stage .
Mid season 0.95-1.1 1.025
Late season 0.75-0.85 0.8
At harvest 0.55-0.6 0.575 .
'
Crop coefficient Kc
Growth
Month No. of days stage AGs ger As per month
| 26 1 0.45 - |
July 2 > 0.75 (0.45*26+4*0.75)/30 | 0.5
21 2 0.75 ,, N
August 10 3 1025 (21*0.75+1.025*100/31 | 0.84
_ % 3 1.025 | .. cx
September iz A 0.8 (16*1.025+15*0.80)/3D | 0.66
12 4 0.8 * *
October 19 5 0575 (12*0.80+19*0.575)/31 | 0.575
November 7 5 0.575 | 7*0.575/7 0.575
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[Table No. 4.5 €]

Calculation of Crop Coefficient

Name of the crop: Sugarcane

Number of growth stage: 5

Number of days per growth stage: 73

L

Crop period : March to Feb

" Tdtal no of days :365

Crop Development | Value of crop Average
stage coefficient (kc) value of
‘ ke
Initial stage 0.4-0.5 0.45
Crop development. | 0.7-1.0 10.85
Mid season 1.0-1.3 1.15
Late season 0.75-0.80 0.78
At harvest 0.5-0.6 0.55
Month | No.of days | Growth Crop Coefficient , | Ke
, stage As per G.S .| As Per month _ ]
March |31 1 045 31%0.45/31 _ 1045
April 30 1 0.45 | 30%0.45/30 1045
May 12 1 0.45 (12*0.45+19*0.85)/31 = | 0.70
19 2 0.85 . | L
June 30 2 0.85 30*0.85/30. 1085
July 24 2 10.85 (24*0.85+&1.15)/3¢ [ 0.92
b 3 1.15 _ _
August 31 . 3 1.15 31*1.15/31 1.15 .
Sep 3D 3 1.15 30*1.15/*3 B 1.15
Oct 5 3 1.15 (5*1.15+26*0.78)/31 0.84
26 14 0.78 o : , _
Nov 30 4 0.78 30*0.78/30 0.78
Dec 17 4 0.78 | (17*0.78+14*0.55)/31 0.68
14 5 0.55 . "
Jan 31 5 0.55 31*0.55/31 0.55
' Feb 28 5 0.55 28*0.55/28 0.55
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" [Table No. 4.5f] _CALCULATION OF COEFFICIENT (Kc)

Crop period: ZO:IENOV to39. -

Name of crop: Wheat

Number of growth stage: S

Number of days per growth stage: 27

Tdtai no. of days : 135

Crop development stage Value of crop coefficient Average vﬂue of Kc
| ke) . '
Initial stage 0.3-0.4 0.35
Crop development 0.7-0.8 0.75
1.05-1.2 1.15
Mid season : I
0.85-0.75 * [0.80
Late season
0.2-0.25 0.22
At harvest
Month No. of Growth Crop coefficient Kc
. days stage As.per As per month
G.S.. -
November | 10 1 0.35 10*0.35/19 0.35 .
December 16 1 0.35 : |
(16*0.35+15*0.75)/31 | 0.54
15 2 0.75 4
12 2 0.75 !
-| January : » 1.00
19 . 3 1.15 (12¥0.75+19*1.15)/31
: ) ——
8 3 1.15 Rl
February =5 2 0.80 (8*1.15+20%0.80)/28 | 0.90
7 4 0.80 0.34
March (7*0.80+24%0.22)/31
24 5 0.22 '
April 3 5 0.22 . 3*0.22/3 0.22
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[Table No. 4.5 g] CALCULATION OF COEFFICIENT Kc)

Name of crop: Berseem

Number of growth stage: 5

Crop period:1¥ Jul to ,;Q‘Q,Ko et

Number of days per growth stage: 24

Total no. of days : 120

Crop development stage Value of crop coefficient Average value of Kc
' (ko)
Initial stage 03-0.4 035
Crop development | 0.7-0.75 0.725
Mid season 1.0-1.15 1.075
Late season 0.75-0.8Q 0.775
At harvest 0.50-0.55 0.525
Month | No. of Growth Crop coefficient Kc
days stage Asper. | Aspermonth .
GS. = '
‘ 24 1 0.35 .
July (24*0.35+6%0.725)/30 | 0.43
o 2 0.725 :
17 2 - 0.725 . )
August 14 3 1.075 - | (17*0.725+14*1.075)/31 | 0.88
September 10 3 1.075
P 20 4 0.775 (19*1.075+20*0.775)/30. | 0.88
4 4 0.775 '
* *
October 24 5 0.525. (4 0.775’+24 0.525)/28 | 0.56




[Table 4.5h] CALCULATION OF COEFFICIENT (Kc)
Name of crop: Paddy Crop period: 1. ™ June to 19 ™ oct

Number of growth stage: 5
Total no. of days: 126

Number of days per growth stage: 25.2

o

Crop development stage X;I)ue of crop coetficient Average value of Kc
Initial stage 1.0-1.15 ' 1.12
Crop development 1.10-1.50 - : T !'1 30
Mid season 1.10-1.30 1.20
Late season 0.95-1.05 . 1.00
At hatvest 0.95-1.05 4 1.00
Crop coefficient
No. of Growth
Month days stage éssp of As per month Ke
June 16 1 1.12 16*1.12/16 1.12
g 1 © 1 112 _ N
July £ " 1.25
29 5 1.30 (8*1.12+22*1.30)/31
4 5 1.30 . ’ |
1.20 * " "
August 25 3 ‘ (4*1.3+25*1.2+2*1)/31 1.2
5 4 1.00
24 4 1.00 .
September : 100 1.00
& 5 ' (24*1.0+*1.0) 3©@
October 19 5 1.00 19*1.0/19 1.00
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- CHAPTER -5

ANALYSIS OF RESULTS

5.1 General

Parametric study has been carried out for making optimal conjunctive use of
surface water and ground water. The present chapter analysis the results of sixteen run
of computer, which has been presented in Tabular from in Table 5.1 to 5.16. The
effect of variation of the following parameters has been studied.

(a) Variation in cropping pattern when canal system is not existing.

(b) Variation in cropping pattern when canal systems exist. '

(c) Variation in crapping pattern with 10% ground ater mining.

5,2 Variation in cropping pattern wh.,en. canal water is l_iot existing.

The net annual benefit from surface and ground water irrigation systems have

been analyzed in run — 1. '
Run ~1

- Details of run -1 are given in Table 5.1 and presented in Fig.5.1. In this run
the crop constraints in imposed are based upon the existing pattern of crops cultivated |
in the study area. The maximum values of net benefit from ground water irrigation
works is obtained as Rs. 1325.92 lakhs. It is observed that full ground water draft has

been utilized.

5.3  Variation in cropping pattern when canal systems exist.
Run -2
Details of run -2 are given in Table 5.2 and presented in Fig,5.2. In this run the

~

crop constraints imposed are based upon the existing pattefn of c.rops‘ cultivated in the
study area. The maximum value of net benefit from ground water irrigation works is.
obtained as Rs. 4317.35 lakhs. It is observec_i that full ground water draft has been
utilized. Ground water withdrawal during the month of Jun., Jul., Aug. is not required
as per optimal allocation due to surface water availability. The cropping intensity of
113.33% has been achieved as per optimal allocation. .
Run -3

Details of run -3 are given in Table 5.3 and presented in Fig.5.3. In this Run

the effect of increase in area under Rice, Sugarcane, Groundnut and decrease in area

64




B

under Wheat, Maize,' Barley, has been exanﬁned. The mazfimum value of net benefit
has increased to Rs. 6288.65 lakhs by 45%. It is observed that full ground water draft
has been utilized. Ground water withdrawal during the month of Jun., is not required
as per optimal allocation. The cropping intensity of 120.86 % has been achieved as

per optimal allocation.

Run - 4 _

Details of run -4 are given in Table 5.4 and presented in Fig.5.4. In this Run
the effect of increase in area under Sugarcane and decrease in area under Groundnut
has been examined. The maximum value of net benefit has increased to Rs. 6381.23
lakhs by 1.45%. It is observed that full ground water draft has been utilized and
sﬁrface water utilized by 83%. Ground water withdrawal' during the month of Jun is
‘not réquired as per optimal allocation. The cropping intensity of 114.16 % has been

achieved as per optimal allocation.

Run-35

Details of run - 5 are given in Table 5.5 and presented in Fig.5.5. In this run the
effect of increase in area under Sugarcane and decrease in area under gram has been
examined. The maximum value of net benefit has increased to Rs. 6427.88 lakhs by
2.4 %. It is observed that full ground water draft has been utilized and surface water
utilized by 86 %. Ground water withdrawal during the month of Jun is not required as
per optimal allocation. The cropping intensity of 114.16 % has been achieved as per
optimal allocation. | ' -

Run - 6 !

Détails of run - 6 are given in Table 5.6 and presented in Fig.5.6. In this run the
effect of increase in area under Rice, Sugarcane, Barley ;md decrease in area under
gram pea and groundnut has been examined. The maxxmum value of net benefit has
increased to Rs. 6684.10 lakhs by 3.83 %. It is observed that full ground water draft
has been utilized and surface water utilized by 85 %. Ground water withdrawal during
the month of June & September is not reduired as per optimal allocation. The

cr0pping.intensity of 129.10 % has been achieved as per optimal allocation.



Run -7

Details of run - 7 are given in Table 5.7 and presented in Fig.5.7. In this run the
effect of increase in area under maize, and decrease in area u_nder'-sugarcane has been
examined. The maximum value of net benefit is obtained to Rs. 6684.00 lakhs. It is
observed that full ground water draft has been utilized and surface water utilized by
85 %. Ground water withdrawa] during th-e month of June & September is not
required as per optimal allocation. The cropping intensity of 141.66 % has been,.

!

achieved as per optimal allocation.

Run -8 .

Details of run - 8 are given in Table 5.8 and presented in Fig.5.8. In this run the
effect of increase in area under sugarcane; by '4,5% decreased in area under Maize,
Jwar, pea and Gram has been examined. The maximum value of net benefit has
increased to Rs. 6933.00 % lakhs. It is obée&éd that full grouxi_d water draft hé_s been
utilized and surface water utilized by 88 %. Ground water withdrawal during the
month of June & September is not required as per optimal allocation. The cropping

intensity of 120.65 % has been achieved as per optimal allocation.

Run -9 -

Details of run - 9 are given in Table 5.9 and presented in Fig.5.9. In this run the
effect of increase in area under sugarcane, decreasea_in iz;re_a under gram has been
examined. The maximum value of net ben_éfit has increased to Rs. 6979.00 lakhs. It is
observed that full ground water draft has been utilized and surface water ujtili,igd by
87 %. ground water withdrawal during the mohfh of June & September is not required
as per optimal allocation. The cropping intensity of 118.45 % has been achieved as
per optimal allocation. | |

Run - 10
Details of run - 10 are given in Table 5.10 and presented in Fig.5.10. In this run

the effect of increase in area under sugarcane, decreased in area under gram
groundnut, potato has been examined. The maximum value of net benefit has
increased to Rs. 7018.76 lakhs. It is observed that full ground 'Water. dxéf_f ‘_has, becﬁ
utilized and surface water utilized by 88 %. ground water withdrawal during the
month of June & August is not required as per optimall allocation. The cropping

intensity of 108.12 % has been achieved as per optimal allocation.
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Run-11

' Details of run - 11 are given in table 5.11 and presented in Fig.5.1.. In this run
the effect of increase in area under potato by 3% decreased in area under sugarcane,
by 0.5 % has been examined. The maximum valué of net benefit has increased to Rs.
7097.10 lakhs. It is observed that full ground water draft has been utilized and
surface water utilized by 86 %. Ground water withdrawal during the month of June &
August is not required as per optimal allocation. The cropping intensity of 109.92 %

has been achieved as per optimal allocation.

Run-12 . .l

Details of run - 12 are given in table 5:12 and presented in Fig.5.1.. In this run
the effect of increase in area under groundnut by 6 %, sugarcane by 2.3% decreased in
area under potato by 6 % has been examined. The maximun value of net benefit has
iﬁcreased' to Rs. 7455.40 lakhs. It is dbéerfed that full Iground water draft has been
utilized and surface water utilized by 88 %. ground water withdrawal during the
month of June & August is not required as per optimal allocation. The cropping

'mtenéity of 115.64 % has been achieved as per optimal allocation.

Run - 13

Details of run - 13 are given in Table 5.13 and presented in Fig.5.1.. In this run
the effect of increase in area under Potato by 6 % decreased in area under sugaréane
by 2.3% has been examined. The maxiﬁuﬁ value of net benefit has increased to Rs.
7477.72 lakhs. It is observed that full ground water dlraft has been utilized and
surface water utilized by 89 %. ground water withdrawal during the month of June is
not required as per optimal allocation. The cropping intensity of 116.11 % has been

achieved as per optimal allocation. o

Run ~ 14
Details of run - 14 are given in Table 5.14 and presented in Fig.5.1.. In this run

the effect of increase in area under sugarcane decreased in area under potato has been
examined. The maximum value of net benefit has increased to Rs. 7517.44 lakhs. It is
observed that full ground water draft has been utilized and surface water utilized by

86 %. ground' water withdrawal during the month of June is not required as per



optimal allocation. The cropping intensity of 111.17-% ‘has been achieved as per
optimal allocation.

Run - 15

Details of run — 15 are given in Table 5.1 and presented in Fig.5.1. 5. In this
run the effect of increase in area under potato groundnut decreased in area under
sugarcane has been examined. The maximlim value of net benefit has increesed to Rs.
7522.35 lakhs. It is observed that full ground water draft has been utilized -and
surface water utilized by 86 %. ground water withdrawal during the month of June is
not required as per optimal allocation. The cropping intensity of 117.04 % has been

achieved as per optimal allocation. -

Run - 16

Details of run — 16 are given in table 5.16 and preserted in Fig.5.1. In this run
the effect of increase in area under potato decreased in area under sugarcane has been
examined. The maximum value of net benefit has increased to Rs. 8013.00 lakhs. It is
observed that full ground water draft has béen utilized and surface water utilized by
86 %. ground water withdrawal during the month of June is not required as per
6ptirr_1al allocation. The croPping intensity of 127.28 % has been achieved as per

optimal allocation.
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ﬁ GW Draft

(Run - 1)

GW Draft

Fig 5.1 Optimal releases of surface and ground water
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(Run - 2)
B SW Release m GW Draft

Fig 5.2 Optimal releases of s.'urface and ground water

1500

Q
=
N

2500

Q
[©]
(o]
m

4500
. 4000
3500

(w-By) uonedole [eundo

1000

500



€L

G6'8clcl

%66°66= 19)em punoib Jo uonezinn

‘WH mwh.mr > Jelp Jayem punoib jenuuy
‘W'H LE°2¥S6 1> SUOISIBAIp Jajem |BuBD [enuuy

SUMe| §9°8829 'SH = Syiom uonebii) woly syyeuaq jeu 1O anjeA wnwixep

0LE L1561 00'6ELLZ  98°02F 00°06VZL 0000

“6€002F [ 0000 %8a | 00'6v05 mw..wm 00'00GF | 858 | oeueolebng |zl

856651 0000 AON 00°00F |50 0000l | 260 eifegd | L1

60°€602 0682161 1°0 0006 | IS0 0006 | IS0 | weasieg |0l
96'16¥L | 000°06Sh deg 00006 | GL g 00006 - | SIS | .omod |6
1726 000°065% By | 000002 | bv'1T | 000002 | $5 I | Inupunoin
L6611 000°065¥ InF 000021 | 989 000061 | 9801 gd | Z
000 09v'GeSe unf | 00°00ST | 898 000002 | v+ k1 wers |9
Sv'82h 020°6EEt ReWw | 00'00SL [858 00'00SI | 858 eME | S
80°666 0000 Idy 00008 | /LS¥ 00'00S | 98%¢ Aspeg [y
82021} 0000 e 00005 | 982 00005 | 98¢ CHETIN K
66 VEV I 0000 994 - | 000002 |v¥' kL | 000002 |vvii | 1eaum |2
69°¢80} 0000 uer [ 00'00SS | Sy i€ | 0000SF | €ZSe 201 ]

‘_me_z_u_p.__wohmu ._QM._\\,% Mvcmo SUILOW (BH) Basy % (BH) Ba1Y % sdouso ay; ‘NS
11EM 10 asEalel fewndo uoneoso|e SUENEE] JO sweN

Baly doio jewndo

eale doin

(€ - uny) la1em adepns Jo Alqe|IeAe yim utened buiddouo Sjeuwslly £°G a|qe L




yeiq MO B sesesjey MS B

(£ - uny) : s012M punoIb pue 99BUNS J0 sases|al lewndo wm..m By



%66°66= 191BM puno.b jo uonezinn
‘W'H 6242 > yesp Jajem punolb jenuuy

(1epno je s|qejen. 1ejeM) W'H $9°298+2> SUOISIOAIP J81EM JeUBD [BnUuY

-SUMe| €27 18E9 "SH = S)10m uonebiul] wolj sjyeuaq Jau JO ONjEA WNWIXE

S6'82/¢Cl ov9°¥6961 B 61°29661 9L'¥LL 00°06¥L1 00°00L ) L
LL'geSt 0000 28Q 61°2/6S | vi0€ 00°00S1 | 85°8 sueotebng | g1
89'8191 000°0 AON 00°001 2G50 00'00l | 150 eifeg bL

£9°1/81 068'216} 100 0006 150 0006 | LSO woeesleg - | Ot
Srviel 000°06SY- dag . 00°006 SL'S 00°006 | SIS olelod - |6
Lv'9L -000°06S¥ Bny 00'00S | 98¢ 00°0002 | v¥'LL | Inupunoin | g
ev°'e92t 000°06St aly 00°002} . | 989 00°006} | 9801 edd Y2
000 0€.°2.92 unp 00'00SI | 85’8 000002 | v¥'LL weln 9
66°2YS | ozo'eEEL Repy 00'00SL | 858 00'00S! | 85°'8 lemp S
92'1901 0000 1dy 007008 LSV 00'00S | 98¢ Aopeg 1%
G9'CLLL 000°0 e 00'00S |98%¢ - 00'00S | 982 azie £
L2 29V1 0000 qa4 00°0002 | v¥'LL 00°0002 | vy LL | 1BBUM g
099011 0000 uer 00'00SS | SP'IE 00°00SY | €252 o901y I

hmum\m\,_\,,_v__..._w.ohmu -H) Eﬁm»r leued SUIUOW ,AmIv ealvy % . MM_M@. % wMW_H MS ‘N'S

4918M O dsedlal jewndo mmh<cmww% M_H_EO MMWM._WMLMQ ’ N

(¥ - uny) Je1em d0BLNS JO AljIgeIeAR yiMm wiened Buiddoio alewa)yY 'S a|qel




(Run - 4)

I releases of surface and ground water
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(Run - 5)

Fig 5.5 Optimat releases of surface and ground water
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(Run 7).

Fig 5.7 Opti'rhal: releases of surface and ground water
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Fig 5.8 Optimal releaSes of surface and ground water: (Run — 8)
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(Run —'10)

Fig 5.10 Optimal releases of surface and grdund water
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(Run — 11)

Fig 5.11 Optimal releases of surface and ground water
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(Run—12)

‘mGW Draft

Fig 5.12 Optimal releases of surface and ground water

@ SwW Relga-ses

5000

4500

4000

o
Q
o
™

2500
2000
1500

o
(=
n
™

(W-ey) uoneao|[e feLido

1000

Months

92



€6

%66°66= JajeMm punoub jo uoneziiin

‘WHOO LOOV L > Yelp Jajem Uc:.o..m lenuuy

(191IN0 je a|qelieAe 1ajem)

‘WH 9 29812 > SUOISIBAID J3JEM |[eUBD jenuuyy

SUMB| gL LLY. 'SH = Sy10m uonebi) woly sjysuaq 19U JO aNjeA WNWiXep

G6°'000v L 0S0'¢Se0c . 00'80£02 LL'9LE 00’0621 0O0°00L.
lg'esel 000°0 i o8 00'8129 Lo°8E 00'00S} |88 - | oueosebng |z
18°29.1 0000 ) AON 00°001} 4GS0 00001 h.m.o. elleg LE
S¥'9.0¢ 068°CclL61 0 0006 1S°0 0006 . | LSO weaslag ol
Ow.hwm.r . 000°06SY . des 00°009 EV'E 00006 GL'G" - . 0lel10d . 6
16'v91 000°06St Bny 00°00S! 858 00’0002 Ll jnupunotnH 8
LL'LEG 000°06St - nr 00°0021L 989 000061 980} - e3d A
000 ov1°0EceE unp 00°008 LSV 00°0002 vyoLL we.io 9
1210t 0co'6¢eel Aepy 00°00S!} 86’8 00°'00S1t 8S'8 lemp S
€0'9LEL 000°0 Jdy 00°008 LS 00'00S | 982 Aslieg 14
61'99€| 000°0 e 00°00S 98¢ 00°'00S 98°'c azie|y €
18°6471L 0000 qad 00°000¢ A AR S 000002 12’ Ay eaymn Z
9¥'9901L 0000 uer 00°00SYy £€4°G2 00°00SY €1°G2 adid }
-H) ._Qmm,_h,_uczoh@ -H) BHM_”_> |eued SUILOW (eH) eary % (eH) eaiy % sdouo ‘N'S
Jejem 10 eseeyel fewndo uoneoo|e SjUNes}SuOd 2y} JO swepN
ealy douo rewndo ealte doin

(e1- uny) Bulu %01 YIM iajem aoeuNs JO AlljIge[ieAe yum uiaped Buiddouo ayewiay vy €1°g sige)




(Run —13)

Fig 5.13 Optimal releases of surface and ground water
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(Run - 14)

Fig 5.14 Optimal releases of surface and ground water
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Fig 5.150ptimal releases of surface and ground water: (Run.— 15)
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Fig 5.160ptimal releases of surface and ground water
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6.1

Chapter - 6.

Conclusion and Scope for Further Study

General

This chapter deals mainly with conclus_ign derived and scope for

further study for the study area. - K

Conclusions and suggestions

In this study present cropping pattern of chandok branch éqnal
command. has been studied in comparison to the cropping pattern in the area ':
before introduced of canal water. Optimal cropping pattern to maximize the net_
benefit from the area is suggested on the bqsi§ of water requirement, crop area,

and socio-economic constraints. A

The optional conjunctive use of surface and ground water has been made.

The maximum value of net annual benefit from the surface and ground water

irrigation resources along with the monthly optional releases of sﬁfface and

ground water and the optima) area allocafion to the crops has been evolved 6n
the basis of existing cropping pattern with surface water and ground water
draft. From the present study followiné conclusions may be drawn.

(i) Present cropping intensity in the. command is '5113.33%' constituting rice
(24.87 %), wheat (34.82 %), Jwar (17.9 %), & sugarca_ne'(16.3 %) as
main crops. _

(i1) 13.33 % of increase in cropping-intensity is achieved after introduction
of canal water in the area & this has (or increased production by 1.3
Tonnes to 2.1 Tonnes).

(ili)  Area under rice crop in the commar;d is limited to 24.87 % due to the
introduction of sugarcane as a cash crop, & poor agricultural Exte,nsioh_ ‘
service. _ | | -

(iv)  The optimal cropping pattern gives the net annual ben,ef_it_ of Rs 431735
may increased to Rs. 7097.84 lakhs considerigg Socio-economic .

constraint i.e. by 64.48%
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6.3

v)

(vi)

When 10% ground water minihg is allowed it is observed that net anﬁual
benefit increases to Rs. 7517.44 lakhs.

When surface water i.e. canal-system is not exist the net annual benefit is

Rs. 1325.92 lakhs.

Conclusions based on observation in the study area

(vii)
(viii)

(ix)
(x)

(xi)
(xii)

(xiii)

The farmer does not distinguish between irrigated and unirrigated areas
i.e. crop cutting experimeﬁt, Yield data are not available. '
Farmers should know about proper irrigation adequate input supplies,
fertilizer seed, pesticides current cultural practlices.

Agricultural extension service should be effective.

Cropping pattern in head/ middle/tail reach $hould be according to the
availability of water. |

Need training for farmers as well as lower level staff of project.

Hybrid seed should be supplied to the farmers.

Marketing, storage and processing facilities should be improved.

Scope For Further Study

@

(i)

be used e.g. etc.

The present analysis has been carried out on a small area of.chandok

branch canal . system which can be extended to cover EGC command.

The present study has been carried out using linear programming
Algorithms. But in nature no event behaves linearly so to incorporates the

non linearly of the problem some other 'oﬁie‘ratig(fn research technique may

o
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APPENDIX -1

Variables Name Description of Variables Name Description of Item

Item ] _

Crops (A,j=1,2—12) Canal Diversion Month (Ci,i=1.2,-----12)

x1 Rice X13 __January

x2 Wheat X14 February

x3 Maize X15_ March

x4 Barley X16 April

x5 Jwar X17 May

x6 Gram ' X18 ' Jun.e

X7 Pea X19 i July

X8 Groundnut X20 August

x9 Potato xX21 September

x10 Berseem X2 F i __October

x11 Bajra x23 ‘ _November

xX12 Sugarcane I X24 Deqember

Groundwater pumping in the month (G, 1=1,2 - 12)

X25 ' January

X26 February

X27 March

X28 ] April

X29 May

X30 June

X31 July .

X32 _ August' ]

X33 September

X34 October SRS

X35 November .

X36 _December
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APPENDIX -2 ‘ App2-1/1

OBJECTIVE FUNCTION

Max. (Net Benefit) )

a0 o :

2 (PJY_] _Ej)Aj _[@Cc + CI?CG + GOMCi + GOMGu' )]
J=

Max. [( 16653 X1 + 16385 X2 + 10957 X3 + 12750 X4 + 10880 X5 + 13519 X6 + 12095

X7 + 15921 X8 + 41173 X9 + 15043 X10 + 14361 X11 + 104142 X12)

— (6074 X13 + 6074 X14 + 6074 X15 + 6074 X16 + 6074 X17 + 6074 X18 + 6074 X19

+ 6074 X20 + 6074 X21 + 6074 X22 + 6074 X23 + 6074X24)

- (3233 X25 + 3233 X26 + 3233 X27 + 3233 X28 + 3233 X29 + 3233 X30 + 3233

- X31 + 3233 X32 +3233 X33 + 3233 X34-+ 3233 X35 + 3233 X36)

li
|
i-
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APPENDIX - 3 App. 3- 6/1
CONSTRAINTS EQUATION’S
(A) CROP AREA CONSTRAINTS  3(A)

Sum of are under various crops is a month cannot exceed the total
irrigated area available for cultivation.

i
E B,A; =T, Foreachmonth
I=1 ’

1. 1.0X2+ 1~.0 X4+10X6+1.0X7+1.0X9+1.0X10+1.0X12 < 17415
2. 10X2+033X4+1.0X6+042X7+1.0X9+1.0 X10+1.0X12= .17415
3. 1.0X2+022X6+1.0X10+1.0X12= 1.7415
4. 1.0X2+0.50X10+1.0X12 s 17415 |
5. 1.0X12 = 17415
6. 0.50X1 + X12 = 17415
7. 1.0X1+0.13X3+0.50X5+048X8+1.0X12 = 17415
8. 1.0X1+1.0X3+1.0X5+1.0X8+0.80X11+ 1'0X1.2 < 17415
9. 1.0X1+10X3+1.0X5+1.0X8+1.0X11+1.0X12 =< 17415
10. 0.40X1+0.35 X3 +050X4+1.0 X5 .+ 0.26 X6 + O§1X7+ 1.0X8 + X11

+ X12 s 17415 |
11, 0.35 X2 + 1.0 X4 + 0.50 X5 + 1.0 X6 + 1.0 X7 + 0.39 X8 + 0.70X9 + X10 +
0.46 X11 + X12s 17415
12. 1.0X2+1.0X4+1.0X6+1.0 X7 +1.0X9+1.0X10+1.0X12 s 17415

: , 3(B) App. 3 -6/2
(B) CROP WATER REQUIREMENT CONSTRAINTS

13.  0.131 X2+ 0.067 X4 + 0.14 X6 + 0.07 X7 + 0.12 X9 + 0.14 X10 + 0.07 X12~

1.0X13-1.0X25 = 0

14. 0.167 X2+ 0.16 X4 +0.14 X6 + 0.14 X7 + 0.08 X9 +0.2 X10 + 0.1 X12— ’

1.0X14-10X26 = O
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15.  0.117 X2+ 0.03 X6 + 0.37 X10 + 0.16 X12 ~ 1.6 X15-10X27 = 0

16.  0.009 X2 +0.24 X10 + 0.19 X12-1.0 X16- 1.0 X28= 0

17. | 035X12-1.0X17-1.0X29 = O

18. 0.046 X1 +0.45 X12-~1.0 X18 - 1.0-X30 = 0

19. 0.76 X1 + 0.001 X3 + 0.012 X8 + O.3i Xi2- 1.OJX1_9 -1.0X31=<s 0

20.  0.44 X1 +0.14 X3 + 0.23 X5 + 0.086 X8 + 0.14 X11 + 0.33 X12 - 1.0 X20 —

1.0X32 = 0

RN

21 0.52X1+0.15 X3 +0.39 X5 +0.21 X8 +0.21 X11 + 0.42 X12 - 1.0 X21 —
10X33 = 0 _' e |

22, 031XL+0.05 X3 +0.03 X4 + 0.26 X5 + 0.01 Xi6+ 017 X7+ 0.2X8 +
0.31 X11 + 0.24 X12 - 1.0 X22 - 10X34 5 0

23 0.15 X2+ 0.07 X4 + 0.05 X5 + 006 X6 + 0.14 X7 + 0.02 X8 + 0.1X9 + 0.19 X10

+0.06 X11+0.15X12-1.0X23-1.0X35 = 0
'24. 0,08 X2+0.16 X4 + 0.1 X6 + 0.09 X7+ 0.15 X9 + 0.16 X10 + 0.1 X12 -
1.0X24-1.0X36 = 0 |

App. 3-6/3
(C) GROUND WATER PUMPING CONSTRAINTS 3(O)

' i
The total ground water pumped in each month in a year should not
exceed the ground water recharge.

25. 1.0x25 + 1.0 x26 + 1.0x27 + 1.0 x28 + 1.0 x29 +:1.0 ){:30 +1.0x31 +1.0x32 +

1.0x33+1.0x34 + 1.0x35+1.0x36 s 6146 - —-eeememmnev " Casel
= 12729.00 HM. --eevnememne- Case II
Recharge calculation , . - App-3 6/4

Case I - when surface water is not available ( i.e. canal system is not
existing)
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(A} Recharge due to rainfall

- Recharge factor for study area = 0.2
- Area under study = 37490 Ha.
- Average Annual rainfall . = 0.465
Recharge due to rainfall = 0.2*37490%0.465
= 3486.57 ham
(B) Recharge due to irrigation
- Total draft = 2440.40 ham.
- Water Recharging 30% e . 73212 ha-m
Recharge due to irrigation water ~“= ! 585.89 ha-m.
(80% water Recharging) ' '
Total Recharging = 3486.57+585+2440.40*.85
‘ = 6146.53 ham
Case II — When canal system is existing App 3-6/5
(a) Recharge due to rainfall = 3486.57 ha-m.
(b)  Recharge due to Irrigation
- Total withdrawal from ground = 2440.40*0.85
- Water Available at outlet = 17407.35 ha-m
(70% water available at head of outlet)
- Total water available for irrigation :- =: 3486.57 + 2074.34
+17407.35 =22968.26 ha-m
- Water Recharging = 6890.478 hafm.
(30 % of available water)
- Recharge due to irrigation = 5512.38 ha-m.

(80% of water recharging)
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