International Journal of A International Academy of Science,

Civil Engineering (IJCE) 5
ISSN(P): 2278-9987; ISSN(E): 2278-9995 ‘ ) Engineering and Technology
Vol. 4, Issue 2, Mar 2015, 57-64 . . .
! J J Connecting Rescarchers; Nurturing Innovations
© IASET IASET g &

APPLICATION OF ZERO ONE MODEL FOR WATER DISTRIBUTIO N

SCHEDULE IN AN IRRIGATION PROJECT

S. B. AJIMERA! & ANAND KISHORE SINGH 2
'Associate Professor, Department of Civil EnginegéinApplied Mechanics,
Shri G. S. Institute of Technology & Science, PRdad, Indore, Madhya Pradesh, India
“Assistant Professor, Department of Civil Enginegrimdore Institute of Science & Technology,

Opposite Indian Institute of Management, PithanRoad, Indore, Madhya Pradesh, India

ABSTRACT

This paper gives the application of Zero One Pnugning Model suggested by Ramesh et al. (2009)Her t
efficient use of irrigation water taking into thensideration of water management in terms of tinaelljvery of irrigation
water into the fields with minimization of irrigath water looses. Scheduling of canals is an impbrativity whose
outcome comes into the form of increase in cropdpetion and effective and efficient utilization witer. Irrigation
scheduling comprises in fulfilling the need of gation water in a systematic way as per the denanthe user.
The present study is based on Mixed Integer Lifragramming technique for doing day wise schedulihgrigation
water. The distributaries of the Left Bank Main @aNetwork of Man Irrigation Project are used to at constant supply

as per the irrigation water demand at each rotdtiothe entire base period of each crops.
KEYWORDS: Canals Irrigation Optimization Scheduling, Water
I. INTRODUCTION

Mass population of India depends on the agriculs@etor for performing their livelihood activitiel spite of
that most of the population related to agricultseetor still performing their farming activitiestiviold farming methods
and are also dependent on rainfall. The resultesoim the form of decrease in crop production,dgase in soil salinity
and water logging problems. Increasing populatiod @pid urbanization will create the havoc in rrepthe demand of
the population in terms of food and water. The gliges for computing crop water requirement shdoéd adopted
(Allen et al. 1998) and utilized for increase imgmproduction. For increase in crop production dedrease in the wastage
of irrigation water it has become necessary taskhe irrigation planners to develop the planningdeis for efficient use
of water as well as the farmers to adopt new teldigyoand models. For the past many years many nrattieal models
related to scheduling of irrigation water such aseah integer linear programming technique (Anwagnket2001), linear
programming technique (Azamathulla et al. 2009jgation planning models giving prioritization t@eh distributary
canal on the basis of weights and obtaining theedaye function by multiplying all the weights
(Santhi and Pundarikanthan 2000), improved plannioglels giving prioritization to each distributargnal on the basis
of weights in terms of equity, adequacy, timelinasd location criterion and obtaining the objecfinection by taking the
average all the weights and then giving priorityeh distributary canal (Sanimer et al. 2013) athér techniques had

been developed.
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58 S. B. Ajmera & Anand Kishore Singh

The present study is based on Mixed Integer Lirfeaagramming technique which has been suggested by
Ramesh et al. (2009) and applied on the distrimmganf Left Bank Main Canal (LBMC) of Man IrrigatioProject for

performing proper allocation and distribution sallecbf irrigation water.
Il. BRIEF REVIEW OF ZERO ONE MODEL

Zero One (Mixed Integer Linear Programming) Modglsaggested by Ramesh et al. (2009) considers laeing
simple and effective model for doing the day wishesluling of canals. As the name suggests the tiondif the gate
should be either in Open or Closed condition. Thalel is not only focused in fulfilling the demaafithe branch canal
and distributaries but also the operation of theatsare kept simple. The time period of 15 dagdrffght) are considered
for fulfilling the demand of each distributary céséor each rotation. The distributary canals dosed on the eighth day
in each rotation. The distributaries are to be atagh to fulfil this demand with the constraints The sum of supplies to
distributaries on any day should be less than aaletp net daily supply in the canal (ii) The sufrdaily supply of the
distributaries for the complete rotation shoulddss than or equal to demand (iii) Other systenstaimts. In the present
stated operation scenario described above of teeersy on any day during the rotation, all the distaries will be
running in constant supply or closed condition as the requirement of that rotation. Zero-One paogning model is
developed for this operation policy in fulfilinhé demand of the crops sowed under the command cireach
distributary. This modification does not vary maoe less from their original demand in terms ofgation water

requirement.

In this 0-1 mixed integer linear programming motted decision variable will be either “ZERO” or “ONE
The “ZERQ” value of the decision variable may bpresented as “OFF” condition of the distributargd aalue “ONE” as

“ON” condition of the distributary.

Let i represents the distributary canal humbehej $sub channel number, k the day number in theioataFor
formulation, each rotation is assumed of 15 daymndé k will take value between 1 and 15. Lgt depresents the 0-1

decision variable fof'i distributary, {" sub channel on"kday.

0 when the sub channel j of ith distributary is closed on kth day
1 when the sub channel j of ith distributary is open on kth day

Xijk = {
Following constraints are used for the canal system
A. Main Canal Supply Constraint

The daily main canal supply at the head of the lcian@onstant for each rotation and only differsnfrthe former
one after each rotation. The important factor gtaiuld be considered is that the sum of the supplighe distributary
canals on any day should be less than or equatteupply (Supply at the head of main canal mingsds in main canal)

at the head of the main canal. Mathematical reptaien of this constraint is as under.
=1 Zj2=1%xijk < gk
fork=1,2,...,14.
Where,

i = Canal Number =1, 2...n
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n = Number of canals in the system

C; = Capacity of the canal (cumec)
%Xijk = Supply in the imagined'jsub-channel of i distributary canal of'kday in cumec-day.

B. Distributary Canal Demand Constraint

The irrigation water supply to the distributary ahduring any rotation should not exceed its medifor final

releases for that rotation. This constraint iseepnted by
211(21212:1%Xijk <Dh
fori=1, 2...n
Where,
D;= modified release of'idistributary canal for the rotation (cumec-days)

C. Distributary Canal Capacity Constraint

On any day in the rotation, the irrigation watepglies to distributary canal should not exceedddueacity of the
distributary canal. As the distributary canals pir@posed to be operated at constant supply eitheal ¢o or less than their
designed discharge condition the total supply stridbutary canal for the rotation should not beagge than their capacity.

Each distributary canal is imagined to consistvad sub channel of capacity equal to half the distary canal capacity.
The term%xijk represents the supply in tH& sub channel of"i distributary canal onkday in cumecs. % is a discrete

decision variable takes value 0-1 andré&presents the capacity of distributary canalhie Bum of supplies of two sub
channels (j=1 and 2) of ith distributary canal dhday gives the supply ori"lday of the rotation td"idistributary canal.

Hence declaring  as a 0-1 variable in the model can satisfy distely canal capacity constraint.
Supply to the Distributary Canal < Capacity of the Distributary Canal
D. Main Canal Sectional Capacity Constraint

The cross section of main canal of Left Bank Maan&l Network is not constant in complete reacthefdanal.
Hence the flow in the main canal at any sectiorukhaot exceed the design discharge capacity ofrthim canal at that

section. This constraint is formulated as follows.

The sum of the supplies to the distributaries dameasn of the section's’ (assume) and the main canal

conveyance loss below this section on any dayerp#riod, should not exceed the main canal capatitye section s.

If the section s is upstream of distributary v toastraint is written as

Ci

in=mS ijzlgxijk = Cs - Is
for all k=1,2,...,14.
Where,

m = Distributary canal number just downstream efdkction s
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C; = Capacity just below the section s in the brareral (cumec)
Is= Seepage below the section
s = Section in branch canal

Objective Function

The main objective of this mixed integer linear gnamming modelling is daily allocation of the nef#able
irrigation water at the head of the main canah®distributaries of the system in accordance thighmodified releases for
the rotation of the distributary canal, operatioitecia of the distributary canal and the constimimentioned earlier.
Therefore, the objective function is defined as imézation of the total supply to the distributarfes the overall rotation.
If the constraints are all satisfied for the peribd MILP objective function results will be equalnet supply at the head

of the branch canal for the period. The mathemlategaresentation of the objective function is
Maximise Yp2, YL, ijzl%xi,-k
Where,
Xii = Discrete variable fof"jsub-channel of'i distributary on R day
C; = Capacity of the distributary canal

[ll. APPLICATION AND RESULT

In the present study left bank main canal netwdrklan Irrigation Project in the state of Madhya drah, India
has been considered as a case study for doing dayimigation water scheduling. The left bank me@amal comprises of
24 distributaries. The details of the distributartbose related to their length from the left bamdin canal, crop sown
under each distributary for rabi season, desigimechdrge capacity are given Table 1. The crop waignirement of each
distributary after prioritization is found for eacbtation. There are 10 rotations. Each rotatiommases of 15 days of
time interval. Gram and fodder is sown in the firstation later in the second and third rotatiogetable, potato and
wheat are sown. Since, the crop water requiremiesach crop varies in the 15 days of time intethak rotation of each
canal is considered on the same. The model of dalyduling of distributaries canal is illustrafed the fifth rotation.
In the fifth rotation all the distributary canalsearunning at their designed discharge capacityler2 indicates the
allocation procedure for distibutaries. The disttédries in the table are indicated as canals ferghse of the work.
The allocation of irrigation water is done in suchvay that the demand of each distributary isIfatfiwith that rotation.
The total supply for the rotation at the head &f Heft Bank Main Canal on different days of theatmn is indicated in
column 2. The crop water requirement for cropgdifferent distributaries for the rotation and capaof each distributary
is computed and is given in column 8 and 6. Afteontization demand of the distributary for thetation is shown in
column 9. Modified demand of distributaries afteamding off to nearest supply capacity is givesaiumn 10. Hence the
demands in the tenth column of different distribigs are taken in the Mixed Integer Programming eho@olumn 11
shows the condition of the distributaries for theation. The zero one programming model is usedhfercomputation of
day wise scheduling of irrigation water of all tretations and for illustration purpose day wiseestiliing of irrigation
water for the fifth rotation is shown in Table 3hé model shows how the distributaries are to beateé during the

rotation to surpass the demand. Figure 1 is shovthd form of bar graph for the fifth rotation whishows the running
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condition of the distributary canals on any daytaf fifth rotation. Hence, this methodology is guiimple and efficient

operation schedule which can be adapted to any sgsi@m.

Table 1: Details of Left Bank Main Canal (LBMC) Network of Man Irrigation Project

Name of Length of Design Discharge Culturable Crop
Serial No. the Canal the Canal Capacity of Command Area Name
(lan) Canal (cumec) under Canal (Ha)
1 LBD2R 0.51 0.0500 62 Vegetable
2 LBLM-11 49 0.4720 433 Vegetable
3 LBD4R 1.07 0.1100 167 Wheat
4 LBD3R 1.38 0.0700 81 Wheat
5 LBD6R1 8.2 0.4200 499 Wheat
6 LBD6R2 5.82 0.2000 388 Potato
7 LBD7R 1.7 0.0500 79 Vegetable
8 LBDER 13.38 3.0500 3090 Gram
9 LBD3R 0.51 0.0249 68 Wheat
10 LBLM-12 3.33 0.2370 117 Fodder
11 LBLM-2 1.08 0.0660 73 Wheat
12 LBRM-1 1.2 0.0920 126 ‘Wheat
13 LBRM-2 1.2 0.0840 115 Wheat
14 LBLM-3 32 0.2770 454 Fodder
15 LBRM-3 3 0.4360 329 Wheat
16 IBLM-4 1 0.1030 129 Wheat
17 LBRM-4 0.7 0.0760 78 Wheat
18 LBRM-5 0.48 0.0700 87 Wheat
19 LBRM-6 3.9 0.2410 324 Wheat
20 LBLM-3 1 0.0730 91 ‘Wheat
21 LBRM-7 1.4 0.1720 215 Wheat
22 LBRM-8 0.15 0.0370 50 Vegetable
23 LBRM-9 1.04 0.0880 117 Wheat
24 LBRM-10 1.83 0.1670 362 Wheat
Table 2: Allocation of Irrigation Water for the 5" Rotation
Water Net
o Capacity of the Water Demand of | Release Modified oo
D ey Name of the an Tl aracisng C:nalti':)r the | Crop |Demand of | the Crops | for the |Allocations for Centitits
ay | af the Head Canal Number ) the Canal Period Name Crops for the |Period on | the Period | '\ of the
CIEEsiCanat () (cumec) (cumec) (cumec) | Period | Equitable |(Camec- Days)| 222
(cumec) Basis
1 4.69 LBD2R 1 0.05 0.7 Veg 0.0317 0.4443 0.44 0.44 Open
2 4.69 LBD3R 2 0.0249 0.3486 Veg 0.0154 0.2150 0.22 0.22 Open
3 4.69 LBD4R 3 0.11 1.54 Wheat 0.0731 1.0238 1.02 1.02 Open
4 4.69 LBD5R 4 0.07 0.98 Wheat 0.041 0.5733 0.57 0.57 Open
5 4.69 LBD6R2 5 0.2 2.8 Wheat 0.1336 1.8702 1.87 1.87 Open
6 4.69 LBD6R1 6 0.42 5.88 Potato | 0.3259 4.5626 4.56 4.56 Open
7 4.69 LBD7R 7 0.05 0.7 Veg 0.0317 0.4443 0.44 0.44 Open
8 4.69 LBDSR 8 3.05 42.7 Gram 2.2622 31.671 31.67 31.67 Open
9 4.69 LBLMI12 9 0.237 3.318 Wheat 0.1141 1.5972 1.60 1.60 Open
10 4.69 LBLMI1 10 0.472 6.608 Fodder 0.3288 4.6039 4.60 4.60 Open
11 4.69 LBLM2 11 0.066 0.924 Wheat 0.0439 0.6143 0.61 0.61 Open
12 4.69 LBRMI1 12 0.092 1.288 Wheat 0.0605 0.8464 0.85 0.85 Open
13 4.69 LBRM2 13 0.084 1.176 Wheat 0.0566 0.7918 0.79 0.79 Open
14 4.69 LBRM3 14 0.436 6.104 Fodder 0.3048 4.2667 4.27 4.27 Open
LBLM3 15 0.277 3.878 Wheat | 0.1853 2.5937 2.59 2.59 Open
LBLM4 16 0.103 1.442 Wheat 0.0683 0.9556 0.96 0.96 Open
LBRM4 17 0.076 1.064 Wheat | 0.0507 0.7099 0.71 0.71 Open
LBRMS 18 0.07 0.98 Wheat 0.0468 0.6553 0.66 0.66 Open
LBRM6 19 0.241 3.374 Wheat | 0.1609 2.2524 2.25 2.25 Open
LBLMS5 20 0.073 1.022 Wheat | 0.0488 0.6826 0.68 0.68 Open
LBRM7 21 0.172 2.408 Wheat 0.1151 1.6108 1.61 1.61 Open
LBRMS 22 0.037 0.518 Veg 0.0235 0.3297 0.33 0.33 Open
LBRM9 23 0.088 1.232 Wheat 0.0585 0.8191 0.82 0.82 Open
LBRMI0 24 0.167 2.338 Wheat | 0.1121 1.5699 1.57 1.57 Open
65.70 6.66359 03.3226 65.703 65.70 65.70
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Table 3: Day wise allocation of Irrigation Water for the 5" Rotation

1o |0.0321 0.022)0.0740.0490.131 0339 0.03g 2.260.1147 0.339 0.043 0.0690.05770.305] 0.199 0.07g 0.055 0.059 0.164 0.054 0.12 0.029 0.069 0.113 4.6931

20 |0.0324 0.0290.0740.0430.134 0.337 0.03g 2.2640.1141 0.339 0.04g 0.0610.05740.305] 0.199 0.079 0.054 0.059 0.164 0.057 0.129 0.029 0.069 0.119 4.693z
30 [0.0324 0.02o(0.0710.0440.131 0.337 0.039 2.2690.1141 0.331 0.047 0.0690.0570.305) 0.199 0.07g 0.054 0.059 0.164 0.057 0.124 0.0279 0.064 0.117 4.6930
40 [0.0324 0.020]0.07{0.0430.131 0.337 0.039 2.2650.1141 0.339 0.04q 0.0600.05740.305{ 0.194 0.079 0.059 0.057 0.164 0.057 0.129 0.029 0.069 0.119 4.693u
50 [0.0323 0.02c(0.0710.0440.131 0.337 0.039 2.2690.1144 0.331 0.04g 0.0690.05710.305) 0.19q 0.07g 0.054 0.05q 0.16q 0.057 0.129 0.029 0.064 0.119 4.6930
60 [0.0324 0.02z(0.0710.0440.131 0.337 0.039 2.2690.1141 0.337 0.047 0.0690.0570.305) 0.199 0.07g 0.054 0.059 0.164 0.057 0.124 0.0279 0.064 0.117 4.6930
7o [0.0324 0.02c(0.0710.0440.131 0.337 0.039 2.2690.11419 0.331 0.047 0.0690.0570.305) 0.199 0.07g 0.054 0.059 0.164 0.057 0.124 0.0279 0.064 0.117 4.6930
8 [1]=4 {11 Qu| Om| Oo| OQm| Om Qu 0 (1]s] (438 Ot O Qct O Qct O | Qo| 0o 0o 0o 0= Qct 0z | 0.000=
9o [0.0323 0.02¢(0.0710.0440.131 0.339 0.039 2.2690.11414 0.339 0.045 0.0690.057y0.305) 0.199 0.07g 0.054 0.054 0.16q 0.055 0.12q 0.02g 0.064 0.11g 4.693z
10o  [0.0324 0.022|0.0740.0410.134 0.331 0.035 2.2640.1141 0.33q 0.04g 0.0690.05770.305] 0.19q 0.07g 0.054 0.059 0.164 0.057 0.129 0.024 0.069 0.11q 4693z
11o  [0.0327 0.022|0.0740.0410.13] 0.331 0.03g 2.2640.1141 0.33q 0.04g 0.0640.05770.305] 0.19q 0.07g 0.054 0.057 0.164 0.057 0.129 0.024 0.069 0.11q 46930

=

120 0.0327 0.020|0.0710.0470.13]1 0334 0.03g 2.2600.1144 0334 0.049 0.0690.05710.305) 0.194 0.079 0.0590.054 0.164 0.059 0.129 0.029 006 0.117 4.6930if
132 00329 0.022|007400490.131 0334 0.03g 2.26940.1144 0334 0.049 0.0690.05740.305] 0.19g 0.079 0.059 0.057 0.16 0.059 0.12 0.029 0064 0.11g 4.6930[
140 (00329 0.02o|0.0740.0440.134 0339 0.03g 2.2640.1144 0.33g 0.04g 0.0690.057{0.305 0.199 0.07g 0.054 0.059 0.16d 0.054 0.129 0.020 0.06d 0.11g 4693z
150 (00329 0.02z|0.0740.0490.131 0339 0.03g 2.2640.1144 0339 0.04g 0.0690.057{0.305 0.199 0.07g 0.059 0059 0.16d 0.054 0.129 0.027 0.06d 0.11g 4693z
£z i
.i 2 (04447 022(1.02905791.87 4561 0.44031.6791.59794 604 0.613 0.85d0.79294.267) 2.599 096 0.719 0664 2259 0.687 1.619 0337 0829 1577 65.70m i
=

i
04441 0.22o(1.0240.5711.87 4.5640.444131.6741.5971 4.6040.6149 0.8540.7924 4274 2.5941 0.96530.7104 0.6642.2524 068916113 0.3390.81% 1.579 65.70u
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Figure 1: Days of Operation of Distributary Canals for the ™" Rotation
IV. CONCLUSIONS

Zero One (Mixed Integer Linear Programming) modlektrated the satisfactory outcome in termsday wise
scheduling of irrigation water. The irrigation watkemand for each rotation is found out initiallydathen divided by th
total number of days within each rotation whichegivthe result in terms of amount of irrigation wateat should b

supplied to the area under each distributary per This method makes work easy for the gate operatfix the height o
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gates from the first day to the last day in eactation respectively. However, the heights of théegaare changed
according to the demand of irrigation water forteemtation. Thus, Zero One model proves to be fattfe and efficient

tool for catering the demand in terms of irrigatisater through the distributaries to the fields.
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