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SYNOPSIS 

Rushikulya Irrigation system had been in use for the last one century having a 

CCA of 61,231 Ha. Rushikulya canal system taking off from Janivilly anicut has a CCA 

of 50,925 Ha having 16 nos. of distributaries with their systems. Distributory No. 

2,11,12,13,14 having a total CCA of 13,733 Ha are proposed to be studied in this 

dissertation. Field studies needed for the dissertation had been carried out during last 

July, 2000. The dissertation prepared from this study consists of six chapters as 

mentioned in the contents. 

The scope of the study is to examine and evaluate, with recent practices, about the 

deficiency of engineering infrastructure, existing efficiency in operation, present status of 

equity in distribution of water, use of available water resources, improvement in 

irrigation infrastructure, overall yield of crops and impact of socio-economic aspect in the 

command of canal. 

The object of the study is to get both understanding for required suitable 

improvement in the system for optimal utilization of available resources. 
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CHAPTER -1 

INTRODUCTION 



CHAPTER-I 

INTRODUCTION 

1.1 GENERAL 

The success of an irrigation water delivery system can be measured by how well it 

meets the objectives of irrigation i.e. delivering an adequate and dependable supply of 

water in an equitable efficient manner to the users served by the system. In many 

irrigation systems, inequitable and unreliable water distribution are major water-

management problems. In monitoring an evaluating water-delivery system, it is necessary 

to know how well a system performs in its present state relative to system objectives. 

This dissertation deals with performance measures (quantifiable) to analyze a water 

delivery systems in terms of adequacy, equity, timeliness; and sustainability. 

A water-delivery system comprises of structural and management components. 

The structural components comprise of the facilities for conveyance, regulation and 

measurement of water. The management component is responsible for efficient operation 

and maintenance of the hydraulic structures to implement water delivery schedules that 

specify timing and amount of delivery. System performance suffers if either or both the 

components are deficient. So-  it is necessary to evaluate the contributions of above four 

factors to the overall performance of the system. 

1.2 DEFINITIONS: 

1.2.1 Adequacy : Delivery of Required Amount : 

A fundamental concern of water- delivery system is to deliver the amount of water 

required adequately to irrigated crops. The required amount, determined as that needed to 



achieve the given agricultural policy, is a function of the area of land irrigated, crop 

consumptive use requirements, crop-water production functions, application losses and 

cultural practices,- such as land preparation and salt leaching. Adequacy of delivery is 

dependent on water supply, specified delivery schedules, the capacity of hydraulic 

structures to deliver water according to the schedules, the operation and maintenance of 

the hydraulic structures. 

1.2.2 Equity : Delivery of Fair Amount 

Equity, as related to water-delivery systems can be defined as the delivery of a 

fair share of water to users throughout the system. A share of water represents a right to 

use a specified amount. The fair share of water may be based on a legal right for water as 

in a prior appropriation system, or may be set as a fixed proportion of a water supply, as 

is done in many rotational delivery schemes. Equity of water delivery is a difficult 

objective to measure because there are many factors that determine the meaning of a "fair 

share" and because a fair share is often interpreted subjectively. However, it is important 

to define measures relating to equity so that systems can be designed or rehabilitated to 

deliver water in an impartial manner to users served by the system. In the present study, 

equity is defined as ration of volume delivered respectively, to the most favoured upper 

25% of command area and the least favoured lowest 25% of command area. 

1.2.3 Timeliness: Uniform Delivery Over Time 

Timelines means correspondences of water supply to crop water requirements and 

it relates to distribution of water supply across the season to some utility based standard. 

The standard is delivered from crop water requirement. Svendsen and small (1990) 

2 



argued that in the absence of any readily identifiable distinction between reliability and 

timeliness, the single concept of timeliness would be more useful. 

1.2.3.1 Reliability 

The concept of reliability means the degree to which the irrigation system and its 

water deliveries conform to the prior expectation of the users. 

Reliability relates to a fairly constant rate of supply. 

1.2.3.2 Dependability: 

It is defined as the delivery of a relatively uniform amount of water over time 

(Moledn, 1988). A system which performs in a consistent manner may be considered 

dependable. Dependability of water delivery is important to farmers; because it allows for 

proper planning. A system that dependably delivers an inadequate amount of water may 

be more desirable than one that delivers on the average an adequate yet unpredictable 

supply. 

1.2.4 Sustainability:. 

Sustainability means long lasting or long existence or long term development of 

performance. Aspects of physical sustainability that can be affected by irrigation 

managers relate primarily to over or under supply of irrigation water leading to water-

logging or salinity. 

Sustainability = current irrigable area 
inital total irrigable area 

The initial area refers to total irrigable area in the design of the system or in the 

latest rehabilitation. Current irrigable area is due, to land lost because of salinity, water 

shortage, low profitability of agriculture due to urban and industrial development. 
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1.3 	Water Delivery Performance: 

Performance measures as defined by Molden and Gates (1990) are functions of 

state variables that have direct impact on the fulfillment of system objectives and 

incorporate the time and space variability of state variables and account for contributions 

to system performance from the structural and management components of the system. 

1.3.1 Major State Variables: 

The major state variables that determine water-delivery-system performance may 

be defined in terms of an amount of water Q, which may refer to either rate, volume,. 

frequency or duration of water delivery. In present study, we focus on volumes (Ha -m) 

of water delivery. At a point x in the system and time t, we define the amount Qc (x,t) to 

be the actual amount delivered by; the system. The amount QR (x,t) is the amount of 

water required for consumptive use, leaching, land preparation, farm application and 

conveyance losses downstream of the delivery point x and time t. In a rotation system, 

the amount scheduled i.e. Qs (x,t) is prescribed by the organization in charge of water 

delivery. The amount of water delivered by the system giving perfect operation is the 

amount deliverable i.e. QD (x,t). 

1.3.2 Performance Standards: 

Performance standards as suggested by Molden and Gates (1990) is given below: 

Measures 
I  

Performance class 
Good Fair Poor 

PAi.e. Adequacy 0.9-1.00 0.7-0.9 <0.7 

PE i.e. Equity 0.85-1.00 0.70-0.85 <0.70 
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Pt  Timeliness 0.75 -1.00 0.25-0.75 <0.25 

Ps  Sustainability 0.95--1.00 0.85-0.95 <0.85 

1.4 	Study Area 

This performance evaluation study has been carried out in the command area of 

Rushikulya Irrigation project of Ganjam district. Ganjam is one of the most fertile 

districts of Orissa. As per 1991 census its population is 3,143,120. It covers an area of 

12,200 sq km. Hence density of population is 257.633 or say 258 persons per sq km. 

The land use pattern of the district is as given in below: 

S1. 
No. 

Description Area in Thousand 
Ha 

Percent of total 

1.  Forest area 589 48.3 

2.  Miscellaneous 	tree 	crops 	and 

grooves 

38 3.1 

3.  Permanent 	pastures 	and 	other 

grazing lands 

38 3.1 

4. -  Cultivable waste 5 0.4 

5.  Land put to non-agriculture use 60 4.9 

6.  Barriers and uncultivable land 3 0.24 

7.  Current fallows 2 0.16 

8.  Other fallows 5 0.4 

9.  Net area sown 480 39.4 

Total Geographical Area 1220 100.0 

The total cultivable area of the district is 505 thousand Ha (i.e. 5.05 lakh Ha). As 

per Irrigation Master Plan it is proposed to provide irrigation to 4.57 lakh Ha (90% of 

land) through following sources: 

(A) 	Through major and medium irrigation: 	2.55 lakh Ha 
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(B) Through minor irrigation flow: 	 1.70.1akh Ha 

(C) Through minor irrigation lift: 	 0.32 lakh Ha 

(A) 	Major and medium irrigation projects: 

(a) Completed project Area in Ha 

(i)  Rushikulya system 61,231 
(ii)  Jayamangal 4,580 
(iii)  A part of salia Irr. Project 2,020 

(iv)  Bahuda Irr. Project 8,540 

(v)  Dhanei Irr. Project 3,850 

(vi)  Hiradharabati Irr. Project 5,680 

(vii)  Baghua Irr. Project (stage —I) 3,240 

(viii)  Ghodahada Irr. Project 6,200 

(ix)  Ramanadi Irr. Project 990 

(x)  Daha Irr. Project 4,580 

' Subtotal 1,00,911 	~(a) 

(b) 	On —going project 

(i) Harabhangi Irr. Project 	 9,150 

(ii) Baghua Irr. Project (stage-II) 	 . 3,070 

(iii) Baghalati Irr. Project 	 2,800 

Sub total 
	

15,020 	 (b) 

(C) 	Proposed Projects 

(i) Cheligarh 
	

10,400 

(ii) Rushikalya Dam 	 7,000 

(iii) Loharakhandi 
	

3,500 

r1 



(iv)  Bontha 2,000 

(v)  Manibhadra 80,000 

(vi)  Lower Harabhangi 8,000 

(vii)  Budha nadi Dam 3,400 
(viii)  Bagha-Salki-Burtanga 10,000 

(ix)  Mahendratanaya 5,000 

(x)  Badajore 2,200 
(xi)  Neradi Barrage 3,500 

(xii)  Others 3,510 

Sub-total 

(a) +(b)+(c) = 2,54,441 Ha - 2.55 lakh Ha 

(B) 	Minor Irrigation flow: 

(a) Completed 

(b) Ongoing 

(c) Proposed 

Total 

(C) 	Minor Irrigation Lift 

(a) Completed 

(b) Proposed  

. 1,38,510 	 (c) 

Area in Ha 

1,34,555 

1,907 

.32,079 

1,68,541 Ha - 1.70 lakh Ha 

Area in Ha 

18,000 

14,000 

Total 	 32,000 Ha = 0.32 lakh Ha 

(Source: Deptt. of water-resources, Government of Orissa) 

1.4.1 Rushikulya Irrigation System: 
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Rushikulya Irrigation System was constructed as a draught relief measure about a 

century back to provide irrigation to 41,332 Ha. of ayacut during Khariff, though present 

ayacut is 61, 231 Ha. 

This is predominately a diversion weir project with two storage reservoirs (Sorada 

and Bhanjanagar) upstream and within the command. 

(i) Sorada reservoir has a liver storage capacity of 3276 Ha-m. 

(ii) Bhanjanagar reservoir has a live storage capacity of 5118 Ha-m. 

(iii) Sorismuli anicut (or Gallery anicut) diverts water of Badanadi to 

Bhanjanagar reservoir. 

(iv) A diversion weir (or Padma anicut) across river Padma diverts water of 

Padma to sorada reservoir. 

(v) A diversion weir at Madhoborida (or Madhoborida aricut) diverts water of 

Badanadi to Rushikulya river_ 

(vi) An anicut at Janii►i/ly diverts water of Rushikulya river for providing 

irrigation through Rushikulya canal. 

(vii) Rushikulya canal system consists of Rushikulya Main Canal (RMC) of 

length 87.5 km with 16 nos of distributaries of total length 230 km and 

minor and sub-minor of total length 298 km. (Refer to index map and 

schematic diagram) 

1.4.2 Problems and Constraints in Rushikulya Irrigation System: 

Due to complexity of regulation points and canal system being old, the problems 

in RMC are quite alarming and had posed a challenge to 0 & M staff before 

modernization. Some of the problems were given below: 
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(i) 	Sediment entry into RMC and its branches during monsoon season mainly 

from ungated inlets along the canals. 

(ii) Reduction in carrying capacity due to siltation. Just before modernization 

the carrying capacity of distributaries under case study had been impaired 

by 15% to 20% of its head discharge. 

(iii) Retrogression in the d/s of Ghodahada Aqueduct (D/S of disty No.2). 

(iv) Drainage problems existed in pockets in RMC Command. 

(v) Poor communication system in RMC Command due to poor 0 & M 

Communication System. 

(vi) Non functional service roads on distributaries & minors 

(vii) Lack of monitoring & evaluation of cropped area and changes in roster 

etc. 

Major Constraints prevailing in the RMC are identified as motioned below: 

(i) Engineering infrastructure constraints.: 

Though canal structures have performed very well but could not be relied 

for present irrigation demands and system operational requirements. Though the 

design life of structures were 75 -100 years, they have already performed more 

than their design life. 

(ii) Agricultural practice constraints: 

One of the major constraints in this regard is the dominant ever increasing 

sugarcane cultivation in the command of distributory No. 2 with respect to 

inequitable distribution of water in tail reaches due to over-irrigation in head 

reaches. (Table 4, Annexure 4) 
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(iii) Availability of water: 

Insufficient water is available in river Rushikulya during Rabi period 

(Dec. to May) to meet out increasing demands of intensive agriculture. 

(iv) Social Constraints: 

There is continuous fragmentation of holdings, which causes problems in 

revising Warabandi plan. Smallholdings are 62% of number of farms of RMC 

Command. 

(v) Financial Constraints: 

The maintenance grants on RMC system is inadequate (only 30% of 

requirement) 

(vi) Administrative Constraints: 

Due to lack of facility for monitoring and evaluation, extensive winter 

touring in the field by SE, E.E, A.E is not being door as it was being done earlier. 

There is also lack of professional. Interest in postings on 0 & M works. 

Hence NWMP Scheme was envisaged by Govt. of India in disty No. 

2,11,12,13 & 14 in 1st phase (1993-95). 
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CHAPTER-ll 

INFRASTRUCTURE DETAILS OF PROJECT 

2.1 DISTRIBUTORY NO.2: 

The command lies between latitude 19°-30' N to 19°  35' Nand longitude 84°35'E 

to 84°-46'E and has a CCA of 3832 Ha. and a discharge of 2.79 Cumecs. It has 

74nunibers direct outlets in distributory only. Originally it was extended upto 9 km and 

subsequently extended to 20.520 km in two phases. It has three nos of minors and one no 

of sub-minor as shown in schematic diagram. 

2.2 DISTRIBUTORY NO. 11: 

It takes off from Rushikulya main canal at RD 65.52 kin. The length of 

distributory originally was 20.80 km with an ayacut of 4271 Ha. Subsequently was 

extended to 25.00 kin to irrigate 4681 Iii,. of land. Originally design discharge was 3.40 

Cumecs; which was increased to 4.60 Cumecs . It has ten nos of offtaking minors and 

sub-minors and -75 nos. of direct outlet in distributory only. . 

2.3 DISTRIBUTORY NO. 12: 

It takes off form Rushikulya Main Canal (RMC) at R.D 69.20 kin. The length of 

the distributory is 2.61 km to irrigate 543 Ha against 336 Ha as envisaged originally. Its 

design discharge is 0.420 Cu,necs. It has one ofaking mionor and 12 nos. of direct 

outlet in distributory only. 

2.4 DISTRIBUTORY NO. 13: 

The distributory takes off from RMC at R.D 71.400 km. The length of this 

distributory is 12.00 km to irrigate 2478 Ha of land. Its design discharges is 1.86 Cuntecs 

It has six nos. of offtaking minors and 37 nos of direct outlets in distributory only. 
11 



2.5 DISTRIBUTORY NO. 14: 

It takes off from RMC at R.D 77.100 kin The length of the distributory is 

10.00kn: to irrigate 2199 Ha of ayacut. Its design discharge is 1.89 Cumecs It has four 

nos. of off-taking minors and three nos. of sub-minors..It has 29 nos. of direct outlets in 

distributory itself. 

Table No. 1 in Annexure-2 gives salient features. of distributaries under case 

study. 

Table No. 2 in Annexure-2 gives detail length of canal embankment, lining, 

communication facilities, total no. of different structures for distribuaries under 

investigation. 
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CHAPTER— III 

SURVEY OF LITERATURE 

3.1 PERFORMANCE 

(i) It is the degree to which an organization's products and services respond 

to the needs of their users 

(ii) It is the efficiency with which the organization uses the resources at its 

disposal. 

Achievement of entered level of service (that has been set and agreed upon) is the 

basis for good operational performance. Operational performance specifically measures 

the extent to which intentions are being met at any moment & thus requires measurement 

of actual input & output on a regular basis. Strategic performance assesses the extent to 

which all available resources (financial resources, natural resources & human resources 

to operate, maintain & manage irrigation system) have been utilized to achieve the agreed 

service level efficiently. 

Agreed service level.— Intended level of Delivered Resource 
Required level of considered Resource 

Agreed service level changes with a change in the availability of resources (e.g. 

water, energy, manpower, and funds). 

Target reflects the objectives of mangers of different level. A system manager 

uses outcome of the annual/seasonal planning process. High-level agency managers use 

design criteria as their targets. Policy makers think in terms of potential performance with 

respect to use of natural resources. 
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The rising cost irrigation development, dissatisfaction. with current level of 

performance and greater awareness of environmental issues are mainly responsible for 

undertaking performance evaluation. These efforts (by Government agencies associated 

with irrigation development, funding agencies like World Bank and the water users) are 

being made on the assumption that it is possible to improve the performance through 

modern technology and management techniques. The knowledge of pre-improvement 

phase of performance & projections of performance levels in post-improvement phase is 

essential for suggesting improvement. 

3.2 OBJECTIVES OF IRRIGATION WATER MANAGEMENT: 

(i) In richer nations (having larger land units), measuring devices are installed 

at outlets; which puts more control & responsibility into the hands of the 

I 

	

	 farmer. The farmer can supply water to the crop efficiently, matching 

supply to growth requirements & to weather. 

(ii) The authority's relationship with farmer is good who can charge a realistic 

price for water as a commodity. 

(iii) The authority may not need to trouble itself for equity of water 

distribution. Farmers can understand & accept the constraint i.e. water 

deficiency & plan their field activities appropriately to minimize the 

problem. 

(iv) In a canal-fed, small-holder, surface irrigation systems of developing 

countries like India, the authority's role is to ensure that water is fairly 

distributed in space & time (WATER-MANAGEMENT), i.e. to deliver 

water in sufficient quantities, according to a time schedule that matches 
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the requirements for healthy plant growth, and with fair distribution 

among many users. 

1 3.3 CHARACTERISTICS OF IRRIGATION WATER MANAGEMENT: 

(i) 	There are four phase/levels of water management. 

• Water capture (by a "public works" authority) i.e. harnessing of 

natural resources by dams, barrages, intakes, pumpstations. 

• Main system distribution (engineer-managed within a state irrigation 

or agriculture authority) 

• Sub-system distribution i.e. serving area of the order of 

50-500ha(farmer-group managed or influenced, but with ill-defined 

legal/administrative frame work) 

• Water applications at the field i.e. last stage (By individual farmers). In 

this stage, land shaping and grading, and irrigation technique are 

considered by individual farmer with/without assistance/advice from 

public authority. 

(ii) 	The last (farmer) level lacks clear organizational arrangement, which 

requires "farmer participation". The purpose is to encourage creation of 

formal organizations of farmers that will have responsibility in this area 

and also to push-  the boundary of the lower level management sector 

farther upstream than in the past. 
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(iii) 	The success of IWM must flow from the top down i.e. farmers can not 

produce well unless intake & distribution systems deliver to them 

adequate, timely & predictable water-flows. 

(iv) 	At lower level, demand is' more than requirement. Hence a body of 

knowledge on the functioning of systems in to be built to diagnose 

management deficiencies. 

3.4 CAUSES OF POOR PERPORMANCE IN AN IRRIGATION SYSTEM: 

(i) Physical causes i.e. insufficient control structures to enable the 

engineering management to exert theoretically desirable level of control'at 

all junction points of the main system. 

(ii) Management deficiencies i.e. the operating manual (which guides the 

actions of field staff) may be inappropriate to present circumstances or 

may not exist. 

(iii) Insufficient staff to discharge the functions. 

(iv) Staffs may lack communications 

(v) Social constraints i.e. natural resistance to watering at night. 

3.5 PERFORMANCE OBJECTIVES: 

The performance of a management system can only be evaluated in terms of its 

objectives. Irrigation schemes have multiple & sometimes conflicting objectives and the 

perception about performance will vary . depending upon the value attached to the 

different goals by the person or organization making the assessment. There are different 

aspects of project performance that may relate to financial, institutional, design, 

construction & operation of the system. 
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Smith (1990) gives detailed list of the characteristics of the project performance in 

respect of financial institutions and socio-economic agricultural operational factors. 

Chambers (1984) has listed some of the perception of the good performance by 

different disciplines & sections of the society. 

Small & Svendsen (1990) stated that the goals were crucial to performance 

evaluation & their clear specification & classification as to whether they were related to 

inputs, outputs or efficiency is needed. Small & Svendsen conceptualized irrigation 

purposes within a nested means & end framework in which a narrow purpose is seen as a 

means of achieving some specified end as follows: 

LEVEL OF MEANS END 
OBJECTIVE 

Proximate Operation of irrigation facilities Supplying water to crops 
Intermidiate-1 Supplying water to crops Sustained 	increase 	in 

'agricultural productivity  
Intermediate-2 Sustained 	increase 	in Increased 	incomes 	in 	rural 

agricultural productivity ector 
Intermidiate-3 Increased 	incomes 	in 	rural Rural Economic 	Development 

sector 
Ultimate Rural economic development (i) Improved livelihood of 

rural people 
(ii) Sustained 	socio- 

economic 	development 
for entire economy. 

Here the end of the first level of objective becomes the means of next higher level 

of objectives. The constraints at different levels influence the performance of other levels. 

Here discussion is limited to technical performance at the hydraulic level of water 

distribution system. Hence success of this irrigation system can be measured by how it 

supplies the required quantity of water at the right time in an equitable manner to users  

served by the system. 
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The water delivery system can have many objectives. Most of them can be 

included in adequacy, equity, timeliness & water quality. The water delivery management 

is not & end in itself, but is a means of increasing agricultural productivity in a 

sustainable manner & ultimately improving the quality of life. Abernethy (1987) has 

shown how all the objectives can be combined into a single objective of productivity. 

3.6 PARMETERS OF IRRIGATION PERFORMANCE: 

The performance objectives have to be expressed in terms of measurable 

quantities called state variables. These state variables are combined in various forms to 

develop indicators or parameters of performance, Non-exhaustive lists of these indicators 

can be found in Eisel (1988), Smith (1990) and Svendsen and Small (1990). 

Clyma and Lowdermilk (1988) identified the parameters that need to be 

monitored for diagnosing the performance of irrigation system with a management focus 

for system outcomes. Those parameters are yield, cropping intensity, variance in yield, 

cropped area for productivity of agriculture. Also the parameters are volume, flow and 

time, variance of outlet ratio, dependability, Actual water delivered/scheduled delivery, 

ratio of actual supply & designed supply for equity & adequacy. 

This means that the parameters we need to measure in any evaluation of irrigation 

performance will be (i) adequacy (ii) equity (iii) timeliness (iv) sustainability (v) 

reliability as has been discussed in introduction chapter. 

Adequacy, equity & timeliness are primary parameters. Sustainability & 

Reliability are subsidiary parameters. 
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The purpose of an irrigation system is, in the end, production of some crop. So 

any departure from the optimum water supply, whether in regard to adequacy, to equity 

or to timeliness, has to be evaluated in terms of its impact on crop. 

3.6.1 Adequacy 

It means adequate water supply to irrigate crops. The adequacy of water supply is 

controlled by available supply for distribution, water delivery schedule, capacity of the 

hydraulic structure to supply water according to - schedule and operation and 

maintenance of the system. 

The early measures of adequacy revolved around duty of water. Abernethy (1990) 

mentioned that the concept of duty is especially suited to water deficit environment. It is 

approximately related to water — requirement only. The water requirement for a given 

agricultural policy is a function of the land area, crop consumptive use, application losses 

and leaching requirement. 

Oad and Podmore (1989) suggested that the knowledge of relative water supply 

(RWS) can be used to specify characteristics, intensity of management. The degree to 

which capability is actually realized is called intensity of management. By varying 

intensity, it is possible to match supply with the demand. 

RWS  Water supplied to a command area  _  IR + RN 
Demand of water in that area 	ET + S & P 

where, 

IR 	= Mean irrigation application (mm/day) 

RN = Mean rainfall (mm/day) 
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ET 	= Mean evapo-transpiration (mm/clay) 

S&P = Seepage and deep percolation (mm/day). 

Hence RWS is inverse of water use efficiency. When RWS is low, it represents 

water scarcity giving rise to higher tensions. 

Abernethy (1990) argued that inclusion of percolation losses into demand 

affected the meaning of RWS. Because if losses where more (may be due to poor water 

management practices), demand would be more and hence RWS would be low indicating 

a better management. 

Molden and Gates (1990) developed a procedure to determine relative 

contribution of hydraulic structures and management procedures to water delivery 

adequacy. As per Clemmens and Bos (1990) 

Amount of water actually delivered 
Water deivery performance =  

Amount of water intended to be delivered 

If the amount of water actually delivered is based on frequent flow measurements, 

there is greater likelihood that managers can snatch actual to intended / scheduled flows. 

If water delivery performance ratio 	unity, then the management inputs must be 

effective. 

Besides water delivery performance ratio, the following also measures adequacy. 

ETp  —Pe  
(i) 	Field application ratio = 

Volume of water delivered at field 

Where, 

ETp 	= Evapo-transpiration by irrigated crop. 

PI 	= Effective part of precipitation 
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ETP  -- Pe  = Volume of irrigation water needed to avoid undesirable stress 

in the crops throughout the growing cycle. 

ETA, — Pe  
(ii) 	Overall performance ratio = 

Vc  + V, 

Where, 

VC 	= Volume of irrigation water delivered from river/reservoir 

V1 	= Inflow from other sources to conveyance system. 

3.6.2 Equity : 

It refers to the quality of distribution of a given output. Equity may be defined as 

the fair share of water to users at different points in the system. 

Abernethy (1990) proposed the use of inter-quartile ratio defined as the ratio of 

volume delivered respectively, to the most favoured upper 25% of command area and the 

least favoured lowest 25% of the command area. The meaning of IQR is readily grasped 

by a layman, so it facilitates communication among those involved in the inequity 

problem. The desirable density of measurements for definition of IQR is in the range 20 — 

50 measurement points. Within the land area supplied from each measuring point, it is 

necessary to make some assumption about the degree of equity that exists downstream. 

Common value of IQR= 3. There is some degree of co-relation between the incidence of 

inequity and irregularity in supply. The areas (near canal tails) which are at the bottom of 

an equity curve (Fig. 3.1) are the most likely to receive their water erratically. Their 

season totals of water received may include periods of excess supply (for instance, after a 

mid-season rainfall when every one's requirements are temporarily satisfied). 

PA 



3.6.3 'Fiuicliness : 

Timeliness means correspondence of water supply to crop water requirements and 

it relates to distribution of water supply across the season to some utility based standard. 

For many irrigation activities the flow rate must be near the intended flow rate for water 

use to be effective (Clemmens & Bos, 1990). 

The simplest method to access timeliness is to calculate relative productivity 

potential. Monthly data appear to give a good indication of whether discharge is more or 

less timely supplied. 

3.6.4 Sustainability : 

Aspects of physical sustainability that can be affected by irrigation managers 

relate primarily to over or under supply of irrigation water leading to water logging or 

salinity. 

Sustainabi lity = Current irrigable area 
Initial totalirrigable area 

The sustainability of irrigation is also determined by the ratio as follows : 

Relative Ground Water Depth = Actual groundwater depth 
Critical groundwater depth 

The critical groundwater depth mostly depends on the (effective rooting depth) of 

the crop. If the actual groundwater depth is near the critical depth, the time interval 

between readings of the ratio should be near one month. One year is suitable for most 

other purposes. 

3.6.5 Water Quality: 

The characteristics of irrigation water itself have bearing on the performance of 

water delivery system. Temperature, sediment and dissolved salts affect the performance 
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of irrigation system. Temperature of irrigation water through its effect on soil can affect 

the plant growth. 

The positive effect of sediment is in its soil building role in sandy soil and supply 

of nutrients for crops. The negative effect of sediment can be the sealing of soil surface, 

raised field elevations relative to canal outlets and thereby reduced water supplies. 

The effects of salt in irrigation water supplies have been researched and standards 

are available for various salts for crops in a given soil and climate (Ayers and Westcot, 

1988 and Tyagi, 1992). 

The . relative change of salinity at considered locations within the irrigated area 

can be quantified by: 

Relative EC Ratio = Actual EC value 
Critical EC value 

The critical EC-value depends on the salt tolerance of the irrigated crops. If we 

want to quantify the effect of a certain user on the salinity of the irrigation water in the 

canal system, we recommend to measure the EC upstream and downstream of the user. 

The rate of change of the concentration of organic matter in irrigation water 

mainly results from either natural fall of leaves and branches from trees and vegetation 

along with the canal or disposal of trash by humans along the, canals. Total dissolved 

organic matter (% volume), floating matter (% volume), colour and smell are 

recommended to be measured. An equivalent ratio as shown for EC value should be used. 

The major source of chemical pollution may have either a non-agricultural or 

agricultural source; urban and industrial sewage water flowing into the canal, and 

pesticides plus fertilizer leached from the root zone. At least concentration of Nitrates 
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(NO3"1  in meq/1) and of Phosphates (P in meq/1) are to be measured. Equivalent ratios as 

shown for the EC value should be used. 

3.7 THE CONCEPT OF POTENTIAL PRODUCTIVITY: 

(i) 

	

	Irrigation systems are meant for providing water to crops for raising productivity 

of land and water. The excess or deficit of water supply has impact on crop yield 

though the effect varies with stage. The effect of water shortage may be reflected 

within a season where as excess application may not have immediate effect unless 

it creates conditions of oxygen deficiency. Review works of Doorenbos. and 

Kassam, 1979, enables us to estimate the effect of water deficiencies on crop 

yield and to differentiate between effects, on ultimate yield, of water shortage that 

may occur at different stages in crops history. From this kind of information, we 

can calculate a ratio, between output that can be achieved under this water supply 

and the output that would have been achieved if the water supply had been ideally 

matched to the needs of the crop. This ratio is called potential productivity index 

of Abernethy (1984, 1986). It produces a number in the range 0 to 1 which would 

be obtainable under a given water supply regime. The execution of this 

calculation should take account of soil characteristics. Because, in practice, water 

is supplied irregularly, and what matters is not precise timeliness of delivery, but 

the state of the moisture content in the root zone. The potential productivity index 

is worked out on the basis of weekly or ten-daily averages of water inputs and 

outputs, with allowances for field seepage loss based on whatever local 

observations may be obtainable. Such an index would, in one value, sum up the 
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system's performance in meeting crop demand fairly well if relevant data for 

adequacy and timeliness could be collected. 

(ii) 	Productivity means production per unit of input. We may have a land productivity 

(tonnes/hectare) or yield. We may have water productivity (kg of crop/m3  of 

water) or water use efficiency. Hence, input means hectare of land or m3  of water 

in case of land or water respectively. Where the water management is a focus, 

water may be the dominant constraint on output. Fig. 3.2 (derived from 

.Abernethy, 1985, 1986) is an observed history of water deliveries throughout one 

season to a land unit in Sri Lanka, where rice was the sole crop. In the figure the 

crop water requirement (inclusive of a seepage allowance, and with deduction 

made for effective rainfall) is shown. From this we see that in the early and late 

stages of the season deliveries were in excess of needs, where as in the middle of 

the season there was not enough water. If we are in conditions of overall water 

deficiency in this particular system, we must regard water productivity as an 

important facet of good management performance. We must equally be concerned 

with the water waste implied by the periods of over-supply. Using this reasoning, 

and yield versus water deficit co-efficient provided by Doorenbos & Kassam, we 

find that this particular water supply regime would give a land productivity (yield) 

of 88.0%; but gives a potential water productivity of 66.8% (i.e. less than land 

productivity for adequate water supply system as in case of south-east Asian rice 

systems); but water productivity exceeds land productivity in water deficient 

systems such as much of Pakistan. 
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The concept of potential productivity, as a numerical parameter, enables us to link 

adequacy and timeliness into one number or indicator of performance. 

3.8 MANAGEMENT DEFECTS IN A SYSTEM: 

Fig. 3.3 illustrates one way in which we can use the concept of potential 

productivity of water P (%) in diagnosis of the management defects in a system. Po  

represents ideal case i.e. water productivity under optimally controlled conditions, with 

uniform distribution of water at times closely matched to crop need, and with 

comprehensive lining for seepage control. P1 represents maximum attainable performance 

level, which depends upon available set of canals, regulators etc. As time passes, P1 

regresses to the left due to deterioration of canals and structures. The area P,, — P1 is 

attributable to the set of physical facilities. P2  represents the potential productivity that 

could be achieved, if we operate the available facilities in full accordance with operating 

rules. Because there are many practical constraints: the. number of staff, their hours of 

working, distance between structures etc. These constraints will be reflected in the 

operating rules that are supposed to guide field staff actions. Hence P1 — P2  is attributable 

to the constraints upon operation rules. P3  represents the curve that we find from direct 

measurement of the water distribution as it actually occurs in the system. P2  — P3 is 

attributable to the execution of those rules in the field. P4 represents actual crop 

production obtained in the field as a proportion of the theoretically available output of the 

same crop, under same levels of inputs and agricultural practices, but with perfect water 

supply. P3 — P4 is attributable to the water application activities of individual farmers. 
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3.9 ECONOMIC VIABILITY OF INDICATOR: 

The system manager is most likely to be concerned with the financial resources 

available at system level and the source of those funds. He is less concerned with overall 

profitability of the agriculture and least concerned with overall profitability of the 

irrigation project that created the system. 

3.10 FINANCIAL VIABILITY OF IRRIGATION SYSTEMS: 

One set of indicators concerns with efforts to raise revenues from water users that 

help to support management, operation and maintenance (M, 0 & M) costs as follows: 

Actual MO & M allocation 
(i) Total financial viability = 

Total MO & M requirements 

Gross value of output (ii) Return on investment= 
Investment for irrigation system 

3.11 SOCIAL VIABILITY: 

If long term sustainability of irrigation is an objective and if improving and 

maintaining social well being is ultimately important, then social viability is relevant 

from a strategic management perspective. 

Equivalent water rights+ Equivalent water rights 

(i) Administrative performance = 
paid current year 	paid previous years 
Total equivalenwater rights due to current year 

Equivalent water rights are expressed in m3/ha. Delayed payment of water charges 

may cause major annual fluctuation in above indicator of "administrative 

viability" which is quantified as moving average over 3 — 5 years. 

annual day / ha labour by schme (ii) Irrigation employment generation = 
Annual number of official. working days 
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CHAPTER —IV 

STUDY OF PROJECT 

4.1 IRRIGATION SYSTEM IN STUDY AREA:- 

The area selected for performance evaluation lies in the command of distributory 

no.2, 11,12, 13, 14 which takes off from Rushikulya main canal. Measurement of water 

supply i.e. discharges were taken near fifteen no. of villages in head reach, middle reach 

and tail reaches of distributory No. 2,11,12,13,14. (Table No.15 (a) to 19 (c) Annexure — 

4) 

4.2 TOPOGRAPHY OF THE COMMAND: 

Topography of the command is gently sloping. The natural ground slope is 

defined with a well- developed drainage network draining.mostly to river Rushikulya. 

The area is draught-prone with annual rainfall of 1179mm (Table No.1, Annexure 

—4) 

The principal crop is paddy in the entire command. In the existing command 

paddy is grown under irrigated condition. The farmers are aware of modern and improved 

method of cultivation. The average yield of early paddy in irrigated and non-irrigated 

area is 30 and 20 quintal per Ha respectively. The average yield of medium paddy in 

irrigated and non-irrigated area is 40 and 30 quintal per ha respectively. The average 

yield of HYV. Paddy in irrigated and non-irrigate area is 45 and 35 quintal per Ha. 

respectively. The average yield of sugarcane in irrigated and non-irrigated area is 125 and 

75 quintal/Ha respectively. The average yield of groundnut irrigated and non-irrigated 
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area is 20 and 10 quintal per Ha respectively. The average yield of vegetable in irrigated 

and non-irrigated area is 80 and 50 quintal per Ha respectively. 

4.3 CLIMATOLOGY AND HYDROLOGY: 

The climate of the command of Rushikulya Irrigation system is tropical 

monsoon climate. It is characterized by general wetness of the air. There are three distinct 

seasons in the area. The winter season from November to the end of February is 

followed by hot summer from March to the middle of June & the wet monsoon from mid-

June to the end of October. The area experiences heavy rainfall from Southwest monsoon 

i.e. from June to September followed by slow rainfall due to Northeast monsoon i.e. from 

October to December. (Table-1, Annexure: 4) 

The average annual rainfall is 1179 mm falling mostly during Southwest monsoon 

(64.97%). Followed by Northeast monsoon (24.26%). 

Temperature & humidity are high throughout the year. (Table No. 2, Annexure: 

4). The mean Maximum monthly temperature ranges from 27.9°C to 32.5°  C and the 

mean minimum temperature range from 17.6°C to 26.8°C. The mean monthly relative 

humidity ranges from 76.6% to 87. 1% 

The rain gauges were established in the command one at Dlianugaon during 1981 

and other at Brahmapur during 1968; where daily observations of rainfall is taken. The 

monthly abstract for nineteen years (i.e. 1981 to 1999) of one raingauge station situated at - 

Brahmapur (vicinity of the command area) is furnished in table No. 1 Annexure: 4. Other 

climatic parameter such as temperature, humidity,. wind velocity, sunshine percentage, 
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No. of rainy days in a month along with monthly mean rainfall for the Gopalpur I.M.D. 

station is furnished monthwise in Table No. 2, Annexure: 4. 

4.4 . WATER QUALITY 

It may be mentioned that people residing in the area have been using water from 

Rushikulya River for their domestic use and no harmful effects have been observed so 

far. 

4.5 GROUND WATER TABLE: 

A study has been made to observe the depth of ground water from surface of earth 

in fifteen different wells located in head reach, middle reach & tail reach of distributory' 

No. 2,. 11, 12, 13 & 14. The average area of influence for each well comes to 140.1900 

ha. The results of pre-monsoon depth of GWT & post-monsoon depth of GWT after 

modernization are enclosed in table No. 3_ Annexure: 4 along with depth of GWT during 

monsoon after modernization (1999). The results show that the ground water reaches the 

root zone only during monsoon and decreases effective rainfall in monsoon. A C 

program for pumping test is attached in appendix-IV for conjunctive use. 

4.6 CROPPING PATTERN: 

Cropping pattern & irrigation, areas under different crops were taken from the 

records of irrigation department & are enclosed as Table No. 4, Annexure: 4 

It is studied that the additional Rabi cultivation is, becoming -a habit of the 

cultivators, which was not in practice before modernization step. 

The Rabi cultivation is cultivated in 7.74% of total command area under 

consideration. Groundnut & vegetables are the two Rabi crops, which is being cultivated 

in the command Area. 
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4.7 CROP WATER REQUIREMENT: 

Monthly crop water requirement has been calculated for individual crop and 

furnished from table No. 5 to table No.10 of Annexure 4 with its abstract showing 

monthly gross irrigation requirement in table No. 11 to table No. 13 of Annexure 4. 

The data of Gopalpur IMD Station (very near to command area under 

consideration) is furnished as follow to calculate Pan Evaporation (EP) for different 

months by Christiansen method. 

(i) Location: Gopalpur, Ganjam, Orissa. 

(ii) Latitude of command Area: 19°  N to 20°N: i.e. 19°30' N (Average) 

(iii) Elevation of the command area: +5 to 15m above msl i.e. +10m (Average) 

(iv) Average monthly mean maximum temp. = 30.84°C 

at Gopalpur IMD station. 

(v) Average monthly mean minimum temp. at Gopalpur IMD station = 23.29°C. 

(vi) Average monthly Mean temp. at Gopalpur IMD station = 27.07°C 

(vii) Monthly mean relative Humidity percent at 08.30 Hours at Gopalpur IMD station 

= 82.38. 

(viii) Monthly mean relative Humidity percent at 17.30 Hours at Gopalpur IMD station 

(ix) Monthly mean relative Humidity percent (in average) at Gopalpur IMD station = 

81.73. 

(x) Monthly mean wind velocity (Average) at Gopalpur IMD station (in km/day) = 

229.875. 
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(xi) Monthly mean sun-shine percentage at Gopalpur IMD station =50 

(xii) Monthly mean rainfall (mm) at Gopalpur IMD station = 98.25.' 

(xiii) No. of rainy days in a year 64. 

But for calculation of Pan-evaporation of different months,. month-wise data 

should be taken from table No. 2, Annexure 4, 

Mean monthly rainfall is also available in table No. 2, Annexure 4. 

As per instruction of central water commission (CWC), 80% chance rainfall has been 

utilized for calculating effective rainfall in various reaches of canal. The factor for this 

chance rainfall has been adopted from the table No. 11 of the reference guide i.e. Average 

ratios applicable to effective rainfall in "A Guide for Estimating irrigation water 

requirement", by water management division, Ministry of irrigation, Government of 

India. 

4.7.1 Effective Rainfall: 

Effective rainfall supplies a portion of the consumptive use by crops. Effective 

rainfall means portion of total rainfall that can effective (i.e. 80% chance here). 

In humid areas (i.e. in command areas of project under consideration), storms of 

large magnitude and high intensity occur frequently during the crop season: These storms 

often bring down -water in excess of that which can be stored • in the soil profile for 

consumptive use. This excess water is lost either as surface run-off or as percolation 

below the root zone. When such storms occur soon after an application of irrigation 

water, almost all the rainfall may be lost as run-off. Thus in this command area having 

average annual rainfall of 1179 mm and monsoon rainfall of 933 mm (during June 10 to 
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November 15, i.e. during Khariff crop season), the effectiveness of rainfall is relatively 

high. 

4.7.2 Soil Characteristics : 

Characteristics of soil influence the rate of infiltration, moisture holding capacity 

and moisture movement in the soil body; this ultimately affects the extent of effective 

rainfall. The soil depth, texture, structure and organic matter content of the soil influence 

the infiltration, permeability and moisture retention capacity of a soil. A higher 

infiltration rate reduces surface run-off, which increases effective rainfall. This occurs in 

command area under investigation due to sandy-loam type of soil in majority cases. 

4.7.3 Initial Soil Moisture Content 

The effective rainfall is affected by the moisture content available in the soil at the 

time of rainfall. The higher the moisture content, the lower the infiltration rate and higher 

the surface run-off which decreases effective rainfall in irrigation command of canal. The 

lower the moisture content, the higher the infiltration rate and lower the surface run-off 

which increases effective rainfall in non-irrigated command of canal. Hence in an 

average 80% chance rainfall has been utilized for calculating effective rainfall in canal 

command as per instruction of CWC. 

4.7.4 Management Practices 

Soil management practices, which affect the physical characteristics of, soil like 

infiltration, permeability, and water retention capacity, influence the extent of effective 

rainfall. Water conservation practices like bunding, terracing, ridging increases 

effectiveness of rainfall in command area under consideration. 
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4.7.5 Consumptive Use Rate 

Where consumptive use rate of a crop is high, available moisture in the soil 

profile gets depleted rapidly, thus providing storage capacity at a relatively rapid rate for 

subsequent rainfall. When a substantial storm occurs, the amount of water required to 

bring the moisture in the profile back to the field capacity level would be relatively large 

and losses due to run-off/deep percolation would be relatively small. Hence, effective 

rainfall is more. 

4.7.6 Net Irrigation Requirement 

Net irrigation requirement depends upon capacity of soil profile at root zone depth 

to store readily available moisture for plant use. When capacity of soil profile at root zone 

depth is low, only a small percentage of the precipitation may be sufficient to fill the soil 

profile to field capacity and effective rainfall will be low and hence net irrigation 

' requirement will be high. 

4.8 CALCULATION OF PAN-EVAPORATION FOR DIFFERENT 

MONTHS BY CHRISTIANSEN METHOD 

The theory and calculation of pan-evaporation has been given in Appendix — I. 

4.9 CANAL OPERATION PLAN: 

Within the framework of diversion head work operating rules, water distribution 

has been guided by the following principles. 

(i) 

	

	The main canal is operating continuously during land preparation, crop 

establishment and flowering stage of crop and intermittently during nursery and 

post-flowering stage. 
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(ii) Canal runs at FSL during continuos / intermittent supply as far as possible. 

(iii) During October — January for vegetables and December — February for 

groundnut, partial water supply becomes necessary in distribution No. 2; which is 

being supplied equitably. 

(iv) The off-takes from main canal has been operated on "ON & OFF" mode. 

(v) The off-takes of minors has been proportionately distributed with' _ , gates. It is 

operated on "ON & OFF" mode. 

(vi) The outlets in distributaries, minors and sub-minors are provided with 

proportional distributor.without gate. 

(vii) 266 nos. of outlets have been replaced under NWMP scheme as these were old 

and obsolete and their sill levels have been fixed so as to receive proportional 

discharge. 

(viii) Farmers' committee has been formed for each outlet to watch and distribute the 

water among the farmers equitably. 

4.10 RELATIVE WATER SUPPLY (RWS) FOR ADEQUACY 

These principles have been followed for water distribution in all command. 

Specific delivery schedules, canal discharges etc. required for each command have been 

prepared according to crop water requirement. In Table No. 14(c) of Annexure — 4, the 

monthly water requirement (demand) in volume and discharge along with the days 

required in each month for the distributaries to remain open are indicated. 

In Table 15 (a,b,c) to 19 (a,b,c) the monthly drawl of water (supply) at head, 

middle and tail reaches through the distributary No. 2, 11, 12, 13 & 14 respectively are 

given. 
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In Table 20 (a) & 20 (b) relative water supply before modernization of 

distributary No. 2, 11, 12,1 3 & 14 from June to November and from December to May 

respectively for head, middle and tail reaches are given (month-wise). 

In Table 21(a) & 21(b), relative water supply after modernization of distributory 

No. 2,11, 12, 13 & 14 from June to November and from December to May respectively 

from head middle and tail reaches are given (monthwise). 

In Table 22(a) & 22(b); abstract of relative water supply seasonwise i.e. from 

June to November and from December to May for pre-modernization and post-

modernization condition respectively are given for different distributaries. 

4.11 RELATIVE PRODUCTIVITY POTENTIAL' FOR ADEQUACY AND 

TIMELINESS 

In Table 23(a) & 23(b) water delivery performance in terms of relative 

productivity potential before modernization is mentioned. In Table 24(a) & 24(b) water 

delivery performance in terms of relative productivity potential after modernization is 

given. Crop production in these tables is collected from data's of agricultural department 

(blockwise collection). Table 25(a) & 25(b) gives abstract of relative productivity 

potential before and after modernization respectively. 

4.12 INTER QUARTILE RATIO (IQR) FOR EQUITY: 

Table 26(a) & 26(b) represents IQR before and after modernization for the canal 

system selected. Data of average volume (ha=m) delivered to the most favored upper 25% 

of CCA and average volume (ha-m) delivered to the least favored lowest 25% of CCA 

before and after modernization are collected from register of irrigation department. 

36 



4.13 RELATIVE GROUNDWATER DEPTH AND SUSTAINABILITY: 

Sustainability relates to over or under supply of irrigation water leading to 

waterlogging or salinity. 

Waterlogging of the land occurs when water table rises and soil in root zone of 

the plant gets saturated and air circulation is stopped. The yield of the crop is usually 

affected when depth of watertable below the land surface is equal to or less than the 

values given below for different crops i.e. below effective rooting depth. 

S1.No. Type of Crop Average effective rooting depth (metre) 

1.  Paddy (or Rice) 0.60 

2.  Sugarcane 0.9 

3.  Groundnut 0.75 

4.  Vegetables 0.40 

Annexure — 4: Table 27(a), 27(b), 27(c) & 27(d) gives RGWD for paddy, 

sugarcane, groundnut and vegetables respectively. 

Annexure — 4: Table 28 gives sustainability of irrigable area for last 19 years. 

Sustainability means long lasting or long-term existing or long term consistency in crop 

yield. 
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CHAPTER-V 

DISCUSSION ON STUDY 

Agricultural Growth with social justice depends mostly on the development of 

water-resources and its proper distribution, as water is one of the prime inputs for 

adopting the modern technology of agriculture. The National. Commission on Agriculture 

has estimated that when all the water-resources have been developed only about 110 

million hectares of cropped area out of a gross sown area of about 210 million hectares 

(in future) can be irrigated provided the most efficient use of irrigation is made through 

water distribution, minimizing losses in conveyance, preparation of fields and adoption of 

suitable cropping pattern taking into account soil & agro-climatic factors. 

Satisfactory distribution and efficiency of irrigation water use depends on: 

a) Efficiency of the conveyance system (0.8'-0.9 in our case) from head of the 

canal upto each outlet of about 40 ha block. 

b) Operation and regulation efficiency of the canal system. 

c) Efficiency of the conveyance system and equitable distribution of water 

within the 40 ha block. 

d) Field application (evaporation) efficiency (0.6-0.9 in our case). 

Improvement in the efficiency of the conveyance system upto the outlet of 40 ha 

block is receiving adequate attention. 

5.1 ROTATIONAL SYSTEM OF CANAL IRRIGATION 

The responsibility for development of water resources for irrigation upto the 

irrigation outlet (commanding an area of about 10 to 40 lia) rests with the state irrigation 

department. The distribution of water beyond such outlets has been left to the farmers 
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although it is expected that the state departments of agriculture/irrigation would provide 

farmers technical guidance. But due to lack of water distribution system within the outlet 

command (field channels) upto each holding and there being no organized institutional 

arrangement for allocation & distribution of water among the numerous farmers within 

each outlet command in this area under case study, the efficiency of water use within the 

outlet commands had been very low before modernization. The cultivators who are 

responsible for distribution of water among themselves seldom join together to construct 

field channels, maintain & operate the field channels to achieve equitable distribution of 

water among themselves. As a result, the method of water distribution in this area under 

case study had been one of continuous flooding under which water flows from one field 

to the next. In such an arrangement, the farmers did not have any control over the water. 

The farmers in the head reaches & those socially prominent utilized bulk of the available 

water, denying the tail-enders and the weaker sections their due share. This resulted in 

excessive irrigation in some areas leading to waterlogging (See table 27 (a), and scarcity 

of water in other areas causing reduction in yield. Therefore to ensure the availability of 

water to each & every farmers within the outlet command independently and on an 

equitable basis, a system of field channels were constructed by CADA, ORISSA and 

rotational method of distribution was adopted within the outlet command after 

modernization. 
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5.2 RECENT' FIELD MANAGEMENT PRACTICES: 

(a) 	Paddy during Khariff 

The distributaries run continuously during the period of transplanting of 

paddy and thereafter the supplies are rotated depending upon the rainfall. (See 

table 14(d) Annexure:4) 

b) . Paddy during Rabi 

All the minors & S/M from the particular distributary (Disty. No. 2) don't run 

simultaneously and are opened in rotation within a period of one week for which a 

distribuory runs at a time. The outlets are fixed depending on field requirement. The 

water supply is controlled with the help of Head regulators of minors & S/MS. The water 

supply level varies from time to time depending on the requirement. (see table 14 (e), 

Annexure: 4 

c) Distribution of water within the outlet command: 

The farmers have rotation system of distribution of water among themselves on 

1 	to 4 days basis for paddy crops and a large interval other crops. Here the water 

allocation is for a specified crop in a season. Penalty is levied for any deviation, 

especially if paddy is grown in an unspecified area or season. 

d) Regulation Of Canal System 

The downstream control system of regulation envisages the demand of the 

farmers being judged & reported by J.E to A.E, minorwise & distributary-wise taking 

into account the rainfall, area under different crops and crop water requirements. The 

A.E's report demands the E.E & S.E, to control the releases of the main canal. Care is 

taken to limit demands within the water available in a particular crop season. The 
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regulation order for the release of water in different distributary and minors are issued on 

the basis of demand from the field. Generally the distributory or minor is run with 10% 

over or upto 20% below the full capacity depending on the demand. 

Regulation of the system is facilitated through a set of gauges duly calibrated 

fioin time to time, fixed on all channels from the distributory to the minor at the head of 

the channels & at every 15-20 km, depending upon the location of the structures like 

falls, escapes & regulators. Readings are reported daily through a system of telegram & 

telephone to all concerned officers of the irrigation department. Regulators & various 

types of gates are used to control the flow of water. 

5.3 LIMITATION OF EXISTING ENGINEERING INFRASTRUCTURE: 

a) 	Canal System 

i) The canal capacities & control structures were inadequate for meeting peak 

demand at the right time, for which modernization was needed. 

ii) Inadequate maintenance of the canal system due to lack of funds & inadequate 

technical attention for which equity, adequacy, timeliness & sustainability deviates from 

ideal conditions. 

iii) Some of the canal systems are designed for a rigid cropping pattern & 100% 

intensity of irrigation in a crop season, which leaves little choice for more 

efficient use of water. (See table 14(c); Annexure: 4) 

iv) Lack of or inadequate provision for drainage system which limits the choice of 

crop & intensity of irrigation. ( See table 4, Annexure 4) 
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b) Regulation Of Canal System 

The upstream control system is inefficient & does not.  satisfy to the farmer in 

terms of timely & reliable supply. Hence downstream control system is adopted in our 

case. 

c) Distribution of water among the farmers within the outlet command 

i) Absence of any institutional or regular system for equitable distribution of 

water among the farmers. 

ii) Eratic rainfall in Khariff Season. 

iii) Defective Waraband design (Punjab) i.e. quantity of water per ha among 

the tail end farmers is less compared to those in upper reach because of losses in 

earthen field channels not being taken in to account. 

iv) Defective Osrabandi System (U.P) i.e. user groups are formed on the basis 

of inter-personal relationship leading to wastage of water due to scattered field. 

v) The fixation of cropping pattern is less acceptable to the farmers due to 

wide fluctuation of market rate for various crops from year to year. 

5.4. EQUITY 

IQR has been taken as a measure of equity. From 26(a); Annexure: 4 average 

equity is 0.755 before modernization for the system under case study. From table 26(b); 

Annexure: 4, average equity is 0.995 after modernization for the system under case study, 

i.e. performance is good (0.85-1.00). Form table 26(b); Annexure : 4, the IQR value at 

the lowest discharge of 0.420 cumecs (in Disty No. 12) is 0.787 & it increases to 1.576 at 

the highest discharge of 4.60 Cumecs with an average value of 1.005. In otherwords, the 

42 



farms located in the highest discharge canal is receiving nearly turice- the watersupply to 

the lowest discharge canal. 

5.5. RELATIVE WATER SUPPLY (RWS) 

RWS (Table No: 22(a) & 22(b); Annexure: 4) for adequacy varies across the 

distributory, season wise & reach wise . Distributory No. 2 has relatively higher adequacy 

of about 49% & 77% respectively before and after modernization as compared to disty. 

No. 12 with lower adequacy of 32% and 74% respectively before & after modernization. 

RWS values during Khariff season, (i.e June to Nov.) when crop water 

requirement are partly met by rainfall, were higher by 3%-13% as compared to Rabi 

season (i.e. December to May). There is marked variation in RWS along the distributory 

with the values at the head exceeding those at the tail by 25% (Disty No. 2. i.e. 61% at 

head reach in Khariff & 36% in tail reach in Rabi in Rabi; table No. 22(a); Annexure:4 ) 

The average value at the head of distributory No.2 in Rabi is 50% as against 36% 

in tail reach in Rabi. (Table No. 22(a); Annexure: 4). Such large difference of 14% 

obviously call for immediate modernization & decreases the difference from 14% to 7% 

(see table No. 22(b); Annexure: 4). 

Before modernization adequacy was in poor performance class i.e.<0.70 (see 

table No.22 (a); Annexure; 4) & after modernization adequacy is in fair performance 

class i.e. 0.7-0.9 (see table No. 22(b); Annexure: 4) 

5.6 PRODUCTIVITY OF WATER DELIVERY 

The computed values of productivity are given in Table No.25(a) & 25(b); 

Annexure: 4. Like RWS, the productivity of water delivery is higher in the head reaches 
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of all the distributaries, the average value during Khariff (June to Nov.) being 0.228 in 

head reach as against 0.198 in tail reach ( Table 25 (a); Annexure: 4 ) 

The relative productivity potential is higher during Rabi (Dec. to May ) as 

compared to Khariff ( June to Nov). (See Table 25(a) and 25(b); Annexure: 4). This may 

be due to occurrence of rain during supply periods in Khariff Season. In such cases, 

Supply is rendered surplus. Higher sensitivity of crops grown during Khariff (June to 

Nov) to moisture stress could also be the reason for low water productivity. 

The values of productivity are lower than seasonal RWS. Compare Table 22(a) 

with 25(a) and 22(b) with 25(b) of Annexure: 4). It speaks of the mismatch between 

Supply and Demand with respect to time. 

Before modernization average productivity was 0.207 (See Table 25(a); 

Annexure: 4) i.e. poor timeliness performance class. After modernization average 

productivity is 0.350(See Table No.25(b); Annexure: 4) i.e. Fair timeliness performance 

class. Individually Disty. No.2 has fair timeliness performance i.e. (0.25-0.75) because of 

cultivation of both Khariff and Rabi crop. 

Sustainability (Table No.28, Annexure: 4) comes under good performance class 

after modernization. 

Actual MO & M allocation in 1999 to 2000 was Rs. 241.00 per ha; whereas total 

MO & M requirement is Rs. 700.00 per ha. Hence financial viability is 0.344 i.e. very 

low.Av. Gross value of extra output is Rs. 4433.33 per ha(9-5-96); investment for 

irrigation system is Rs. 2758.32 per ha.(Investment is Rs. 378.80 lakh for irrigating 

13,733 Ha land) 
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Besides irrigation employment generation is 576 per ha (i.e. -increase by 40%) and 

per capita income increases by 30% after modernization (Report from District 

Headquarter). 

Table no. 29 (Annexure:4) gives abstract of performance standards before and 

after modernization. Table no 30(a) (Annexure:4) gives proposed project benefit (Net) as 

in 1992-93. Table no.30.(b) (Annexure:4) gives actual project benefit as in 1999-2000. 

Table 31(a) '(Annexure:4) gives Ethnic composition and their land. Table 31(b) 

(Annexure:4) gives land distribution of different category farmers as collected from 

Tehasil office. Table 32 (Annexure:4) gives operation and maintenance Budget and 

Expenditure from 1990-91 to 1999-2000. Table 33 (a) (Annexure:4) gives Irrigation 

Service Fee collection before and after modernization. Table 33(b) (Annexure:4) 

compares Expenditure and collection from1990-91 to 1999-2000. Table (Statement) 34 

(Annexure:4) gives present Benefit —Cost ratio. Table 35(a) and 35(b) (Annexure:4) 

gives abstract of average Demand and Supply indifferent distributaries before and after 

modernization respectively. Table 36(a) (Annexure:4). gives seepage loss in canals. Table 

36(b) (Annexure:4) gives cost needed to prevent canal seepage. Table 37(Annexure:4) 

gives Extra water requirement (Ha-m) from private tube-well after modernization. Table 

38 (Annexure:4) gives no, Discharge rate, working hour, working days, head, H.P., 

hiring charge of private tube-well. Table 39 (Annexure:4) gives land irrigated by 

different type of irrigation. Table 40 (Annexure:4) gives cost economy for different types 

of irrigation. Figure 4.1 to 4.20 explains it diagrammatically. 

45 



CHAPTER --VI 

CONCLUSION AND SUGGESTION 
FOR FUTURE STUDY 



CHAPTER — VI 

CONCLUSIONS AND SUGGESTION FOR FUTURE STUDY AND RESEARCH 

6.1 CONCLUSIONS 

The art and science of evaluating the performance of irrigation system is still in 

evolving stage. There is lack of field studies to correctly, evaluate the usefulness of 

performance indicators. Further, no uniform standards are available to judge the 

performance as good or bad. Evaluation of water delivery perfomance . using the 

currently available measures indicated that major shortcomings in the system were 

(a) ' Lack of volumetric equity due to non-compensation of time for the water lost in 

conveyance and larger size unit command areas. 

(b) Temporal mismatch between supply and demand, mainly due to system capacity 

constraint which makes it difficult to meet peak demand efficiently. Also fixed 

frequency schedules that are in vogue do not necessarily match with the demand 

for water. 

These problems are amenable to solution with certain modification in the existing 

system. Some of the improvements are as follows : 

(i) Provision of optimum unit command size (i.e. 40 ha). 

(ii) Provision of variable Warabandi time schedule from - head to tail to compensate 

for the conveyance losses. 

(iii) Provision of auxiliary storage at water course level during peak supply period for 

releasing stored water during peak demand period. 
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(iv) 	Intra-seasonal change in water delivery schedules to provide irrigation at more 

critical stages. 

6.2 SUGGESTION FOR FUTURE STUDY AND RESEARCH 

6.2.1 Proper Land Development 

There are generally small holdings, which should be consolidated. The land is 

usually partitioned along with every division of the family. It results in a decrease in the 

size of the holding after every partition. Partitioning of land can be prevented by proper 

legislation. 

Proper grading of land is necessary for border strip method / check method / 

furrow method. Ploughing of the land should be done at the proper time and to the 

required depth. Organic and inorganic manures should be applied wherever required. 

A large number of CADA have now been created to look into problem of land 

development, field channel construction, drainage at the farm level for deriving 

maximum benefits from the existing irrigation potential. 

6.2.2 Construction of Water Courses and Field Channels 

The responsibility of state irrigation department ends after bringing enough water 

upto canal outlet. But due to being non-educated, cultivators could not construct, operate 

and maintain the field channels and regulate the structures on the water courses properly. 

Hence water courses and field channels are being constructed by the department at the 

cultivator's cost; but are handed over to cultivators for proper maintenance. However, 

cultivators should construct field channels under CADA programme having free loan 

facility. 
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6.2.3 Selection of Efficient Method of Application of Water 

Flooding method is most common, but it is inefficient and leads to wastage of 

water through deep percolation and evaporation. Hence border strip method / furrow 

method / sprinkler method / drip method depending on soil type, ground slope, crop type, 

climate should be encouraged. 

6.2.4 Introducing Volumetric Assessment of Water 

It is the general practice to charge the water rates based on the irrigated area. 

Hence cultivators have . the tendency to use excess water because the charges are fixed, 

which leads to wastage of water and inefficient application. By introducing the 

volumetric assessment, in which charges are based on the volume of water actually used 

by the cultivators, wastage is reduced. For encouraging some minimum use, a lower rate 

may sometimes be charged upto a limiting depth. of water depending on type of crop. It 

requires installation, calibration, and maintenance of a large of water meters. It is a task 

to keep records and to prevent tampering of meters. 

The water rate should be charged according to time of supply of water. It rate is 

same throughoutthe crop period, cultivators have a tendency to delay irrigation till last 

moment expecting some rainfall. It leads to concentration of demand over a short period 

and very little demand during rest of crop period. By introducing a differential water rate 

for different periods, demand will be made more uniform.,  Charges should be high for 

summer months to discourage field cropping because of higher consumptive use of water. 
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6.2.5 Introducing Roster System 

It is the general practice that all the cultivators take their supply from the water-

course simultaneously. The supply has to be continued for a long time so that all 

cultivators get the required water for irrigation. This leads to uneconomical use of water 

because of increased losses. The water is used more effectively in a roster system i.e. 

water is supplied to the cultivators of a water course turn by turn i.e. at an interval of 10 

to 14 days depending upon the type of crop. 

The wastage of water is reduced because the large size stream is used fora small 

period. This method is suitable for drought conditions. It needs efficient staff for outlet 

operation. 

6.2.6 Lining of Field Channels andWater Courses 

About 35% to 50% of water is lost in the water course and field channels beyond 

the outlet; which can be reduced either by lining channels or by closed conduits. Unlined 

water courses are shallow and are susceptible to weed growth which reduces conveying 

capacity. 

6.2.7 Proper Maintenance of Irrigation System 

It includes clearance ' of sediments and weeds and repair of cracks and holes in 

canal -banks. Negligence in maintenance may lead to breaches and to loss of irrigation 

water. If sediments and weeds are not removed, conveying capacity is reduced. Scouring 

of the canal bed and sides increases the wetted perimeter and seepage losses. The 

possibility of undermining of structures can not be denied. It may cause a substantial 

lowering of the FSL and a loss of command. Generally canal system is closed in May and 

June for maintenance and repair of structures. This would give more production. 



6.2.8 Discouraging Irrigation during Extreme Summer 

Evapotranspiration (or conjunctive use) is high in May and June. Hence irrigation 

during night should be encouraged to reduce loss. 

6.2.9 Selection of Crops 

By proper selection of high yielding crops, the effective use of water is made. The 

irrigation engineer should be in close touch with agronomist and cultivators before taking 

decisions about water supply. 

6.2.10 Improving Agronomic Practice 

A basic knowledge of agronomic science is needed for effective use of water. The 

lack of knowledge leads to wastage of water. Untimely application of water and in doses 

higher than the actual requirements of the plants result in the wastage of water. Moreover, 

it is injurious to land and plant and results in low crop yield. 

There is no reduction in yield of wheat, jowar, bajra, even when the available 

moisture content (AMC) is depleted by 50% or so. Rice does not require constant 

submergence of water all the time (except tillering stage). By keeping a standing depth of 

water over the rice field, large percolation and evaporation loss occurs. 

Different soils have different water holding capacity. The field irrigation 

requirement should be worked out with due regard to effective rainfall during crop period 

and field losses. Knowing field irrigation requirements, the frequency of application of 

water and depth of water in each application can be determined. For proper utilization of 

water, an irrigation schedule should be prepared. Losses can be reduced by proper 

selection of irrigation method, size of stream, duration of irrigation run. 
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6.2.11 Adopting Intensive Irrigation 

In extensive irrigation, irrigation benefits are extended to as large an area as 

possible. In intensive irrigation and small irrigation projects, efficiency is high, control is 

better, return is quick and high, water-logging is avoided. 

6.2.12 Making Conjunctive Use of Water 

It makes utilization of both the surface water and ground water. In the surface 

irrigation, there is recharge of ground water and water table rises which may create 

water-logging. In well irrigation, water table goes down because of withdrawal of ground 

water. By making the conjunctive use of water, ill effects of both are eliminated. This is 

achieved by adopting the well irrigation in a part of command area of the canal. On an 

average, if about one-third of the command area is irrigated by well irrigation and two-

thirds by canals, the maximum utilization of the available potential is generally achieved. 

6.2.13 Drainage 

Adequate provision and maintenance of drainage system is essential. 

6.2.14 Training 

Organizing and training farmers for distributing water among themselves within 

the outlet command, and at a later time to operate the minor. 

6.2.15 Water Rate 

The water rate for various crops should have an inter-relationship which would 

encourage the irrigation of light irrigated crops even during Khariff, for bringing about 

stability in the production and utilization of available water. 

1I 



6.2.16 Warabandi 

In the projects where field channels have been constructed, Warabandi should be 

introduced at least on two distributaries on a trial basis. Where the system is already in 

vogue, Warabandi may be improved upon and extended to all projects. 

6.2.17 Downstream Control System 

Downstream control system of canal regulation may first be tried with necessary 

administrative . support. Based on this experience needed legislation and organization 

requirements should be arrived at and detailed guidelines prepared by each state for 

introducing it in all irrigation projects together with Warabandi. (i.e. system of equitable 

distribution of water among the farmers within the outlet command on a weekly or 

multiple of a week basis). 
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APPENDIX-1 

CALCULATION OF PAN-EVAPORATIN FOR DIFFERENT MONTHS BY 

CHRISTIANSEN METHOD: 

The water. Management Division of the Ministry of Agriculture has been using the 

popular Christiansen Method in which pan evaporation is computed from the 

climatolgical data as follows: 

EP = 0.459 R.C. CW.C1,. Cs, Ce  

Where, EP = computed pan evaporation equivalent to class-A pan evaporation in 

mm. 

R = Extra-terrestrial radiation, in same evaporation Unit as EP i.e. in mm (From 

Table 1 of reference guide) 

C, = Co-efficient of temperature = 0.393 + 0.02796t + 0.0001189 t2  (or from table 

2 of reference guide) 

t = temperature in °C 

CW = Co-efficient of wind velocity based on mean wind velocity (Km/day) at 0.5 

meter above ground. 

= 0.708 + 0.0034 W — 0.0000038W2  

(or from Table —3 of reference Guide) 

W = mean wind velocity in Km/day at 0.5meter above ground. 

C1, = Co-efficient of relative humidity 

= 1.250-0.0087 H+0.75 x 10 4H2 -0.85x 10-8 H4  

(or from table-4 of reference Guide) 
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I-I = mean relative humidity at noon. 

Cs  = Co-efficient for percent of possible sun-shine hour 

= 0.542 + 0.008S —0.78 x 10-4S2+0.62 x 10-6S3  

(or from table —5 of reference Guide) 

S = mean sunshine percent. 

Ce  = Co-efficient of elevation 

= 0.97 x 0.00984 E 

(or from table-6 of reference Guide) 

E = Elevation expressed in hundreds of meter 

Cu  or ET crop = Kc .EP 

Where, 	C1, = consumptive use for a specific period. 

ET crop = crop evapo-transpiration 

K, = crop factor of that period 

EP = calculated pan-evaporation of that period. 
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EVAPORATION CALCULATION (EP) FOR DIFFERENT MONTHS 

JANUARY: 

For latitude 19°  30' N; mean monthly values of extra terrestrial radiation (R) is: 

R = 347.22 + (381.005347.22J(0.5)  = 350. 6mm (or from table-1 of reference 

guide ) 

From table —2 of guide: 

For mean temp. 22.85°C; Co-efficient of temperature (Cs) is: 

Ct= 1.092+ 1.11-1.092  — 22.78(22 85 —22.78) =1.094 
23.33  

From table -3 of guide: 

For wind velocity W= 101 Km/ day 

Co-efficient of wind velocity is: 

C=1.012 

From table —4 of guide: 

For mean relative humidity 77.65%, 

Co-efficient of humidity is : 

Ch 

 

0.726-0.7   13 
h =0.726-  

1.00 	
)(0.65) =0.718 

From table —5 of guide 

For sunshine percent 1 lhr  = 46% 
24hr 

Co-efficient of percent of possible sunshine hour is : 

C=0.805 
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From table-6 of guide 

, For average elevation of 1 Om; 

Co-efficient of elevation Ce  is : 

Ce 0.970+(  0.973300.970)(lo)=o.971  

LP=(0.459) (350.6)(1.094)(1.012)(0.718)(0.805)(0.971)=99.991 min _100mm 

FEBRUARY: 

From table —1; 

For latitude 19°30'N 

R=353.82+ 
378.21  5  353.82  (0.5)= 356.26 

From table-2;for monthly mean temp. 24.7°C; 

Ct=1.148+ 

 

1.167-1.148'   
 — 	

(24.7-24.44)=1.157 
 24.44 

From table —3; for wind velocity =92Km/day; 

C=0.988 

From table —4; for relative humidity = 80.65 

C1,=0.686-(0.686-0.671)(0.65)=0.676 

11.Shr  From table —5 ; for sunshine percent = 	= 48% 
24hr 

C=0.815 

From table —6; for average elevation 10tH; 

Ce 0.971 

EP=(0.459)(356.26)(1.57)(0.988)(0.676)(0.815)(0.971)=99.998mm - 100mm 
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MARCH: 

From table-1: 

For latitude 19°30' N; 

R= 445.52+( 461.26.  445.52 (0.5)=447. l mm 
l 	5.00 

From table-2: 

For monthly mean temp.26.85°C; 

Ci=1.224+ 

 

l.243-1.224'\   
— 	

(26.85-26.67)=1.230 
27.22  26.67 

From table —3: 

For wind velocity =246Km/day; 

1.130 

From From table —4: 

For average relative humidity 82.95%; 

C1,=0.642 

From table —5: 

For sun-shine percent = 12hr  =50%; 
24hr 

CS 0.825 

From table-6: 

For average elevation l Om; 

Ce 0.971 

EP= (0.459)(447.1)(1.230)(1.130)(0.642)(0.825)(0.971)=170.06 — 170mm 
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APRIL: 

From table-1: 

I or latitude 19°30'N; 

R=471.17 

 

(473.2-471   .17  J(0.5)  = 471.37mm 
5.0  

From table —2; 

For average monthly temp.of 28.15°C 

Ct=1.262+ 1.281-1.262  
— 	

(28.15-27.78)=1.275 
28.33  27.78 

From table —3; 

For average wind velocity= 674 Km/day 

C=1 .55 

From table —4; 

For average relative humidity =83.35%; 

C,,=0.641- 0.641— 0.625  
84— 	

(83.35-83.0)=0.635 
83 

From table —5; 

12.6hr  
For sun-shine percentage 	=52.5% 

24.0hr 

C=0.834 

From table —6 

For average elevation of 10m; 

C,=0.971 

EP=(0.459)(471 .37)(1 .275)(1 .55)(0.63 5)(0.834)(0.97 1)=219.87 mm — 220mm 
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MAY: 

From table —1: for Lat. 19°30'N; 

° 	- 

 
— 505.971 R512.06 512.06 	J (0.5)=511.45 

From table —2: 

For average monthly temp. of 29.6°C; 

t 	
1.339 —1.320 C=1.320+ 	— 29 44(29.6-29.44)=1.325 
30.00 	.  

From table —3: 

For wind velocity 871Km/day; 

Ci,=1.624 

From table-4: 

For average relative humidity 85.3%; 

Ch=0.609- 0.609 — 0.592 (85.3-85.0)=0.604 
86-85 

From table —5: 

For sunshine percent; 13.1Ohr = 54.5% 
24.00hr 

C=0.844. 

From table —6 

For average elevation 10m; 

Ce 0.971 

EP=(0.459)(511.45)(1.325)(1.624)(0.604)(0.844)(0.971)=250.04 - 250mm 
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JUNE: 

From table —1: For lat. 19°30'N; 

494.28 — 479.80 R= 494.28- 	 (0.5)=492.83 
5.00 

From table —2: 

For average monthly temp. of 29.6°C; 

Ct=1.325 

From table —3: 

For wind velocity 137 Km/day; 

Cw 1.100 

From table-4: 

For average monthly relative humiduty 84.2%; 

Ci,=0.625- 0.625 — 0.609  85.0-84.0 (84.2-84.0)=0.622 

From table —5: 

For sun-shine percentage 13.30hr  =0.554=55.4% 
24.00hr 

C=0. 854 

From table —6: 

For average elvation 10m; 

Ce 0971 

EP=(0.459)(492.83)(1.325)(1.100)(0.622)(0.854)(0.971)=170.05 min — 170rnm 

JULY: 

From table —1: 

For lat. 19°30'N; 
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R=509.02-  509.02 — 496.57  (20.0-19.5)=507.78 
20-15 

From table —2: 

For mean monthly temp. 28.9°C; 

Ct=1.300 

From table —3: 

For wind velocity 107 Km/day; 

C=1.027 

From table —4: 

For mean monthly relative humidity 86.25%; 

C1,=0.592-  0.592 — 0.574 
87-86 	

(86.25-86.0)=0.588 

From table —5: 

13.20hr  For sunshine percentage i.e 	=0.55=55% 
24.00hr 

C=0.844 

From table-6: 

For average elevation 10m; 

Ce 0.971 

EP=(0.459)(507.78)(1.300)(1.027)(0.588)(0.844)(0.971)=149.95mm - 150mm 

AUGUST: 

From table —1: 

For lat. 19°30'N; 

R=497.08-  (497.08-494.03  (20.0-19.5)= 496.78 
20-15 

From table-2: 

For mean monthly temp. 28.75°C; 

Ct=1.281+  1.300 —1.281  (28.75-28.33) =1.295 
28.89 — 28.33 



From table —3: 

For wind velocity 121.5 Km/day; 

C=1.063 

From table-4: 
For mean monthly relative humidity 86.1%; 

C1,=0.592- 10.592 — 0.574  (86.1-86.0)=0.590 
87-86 

From table-5: 

12.8hr  For sun-shine percentage 	=0.53=53% 
24.0hr 

C=0.834 

EP=(0.459)(496.78)(1.295)(1.063)(0.590)(0.834)(0.971)=149.97mm — 150mm 

SEPTEMBER: 

From table —1: 

For lat. 19°30'N; 

R=450.09+(  459.99 —450.09
)
1(20.0-19.5)= 451.08 

20-15 

From table —2: 

For mean monthly temp. 28.8°C; 

Ct=1.281+ 1.300-1.281  (28.80-28.33)=1.297 
(28.89 — 28.33 

From table —3: 

For wind velocity 160 km/day; 

C=1. 153 

From table —4: 

For average monthly relative humidity 85.25% 

C1,=0.609-  10.609 — 0.592  (85.25- 85.00)=0.605 
86-85 

From table-5: 



12.30hr' For sun shine percentage -------=0.51=5I% 
24.00hr 

C=0.825 

From From table —6: 

For average elevation l Om; 

Ce 0.971 

EP=(0.459)(451.08)(1.297)(1.153)(0.605)(0.825)(0.971)=150.06 mm —150mm 

OCTOBER: 

From table —1: 

For lat. 19°-30'N; 

436.12-413..0  R = 413.00 + 	 (20.0-19.5)=415.31 
20-15 

From table-2: 

For mean monthly temp. 28.1°C; 

Ct  = 1.262+11.281-1.262  (28.10-27.78)=1.273 
(28.33 — 27.78 

From table-3: 

For wind velocity 92 km/day; 

C=0.987 

From table-4: 

For ay. Monthly relative humidity 80.0%; 

Ch =.0.686 

From table-5: 

For sunshine percentage 11.7hr 
 = 0.49=49% 

24.Ohr 

C=0.815 

From table-6: 

For ay. Elevation 10m; 

Ce  = 0.971 
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EP=(0.459)(415.31) (1.273)(0.987) (0.686) (0.815) (0.971) 

= 130.03 mm —130 mm 

NOVEMBER: 

From table-1: 

For lat. 19°30'N; 

R=349.00+ 
379.73-349 00"  	

.(20.0-19.5)=352.07 
20-15 

From table-2: 

For mean monthly temp. 25.450C; 

Ct= 1.167+ 
1.186 —1.167 

(25.45-25.00)= 1.182 
25.56 — 25.00 

From table-3: 

For wind velocity 52 km/day; 

0.877 — 0.863 
Cw, = 0.863+ 	 (52-48)=0.874 

53-48 

From table-4: 

For mean monthly relative humidity 73.6%; 

0.773 — 0.762 
C~, =0.773- 	 (73.6-73.0)=0.766 

74-73 

From table-5: 

11.00hr For sunshine percentage 	=0.47= 47% 
24.00hr 

C=0.805 

From table-6: 

For ay. Elevation 10m; 

C=0.971 

EP=(0.459) (352.07) (1.182) (0.874) (0.766) (0.805) (0.971) 



=99.96mm-100mm 

• DECEMBER: 

I"ron1 tablc-I: 

I"or ml. I9030'N; 

R = 333.76+1  369.06 — 333.761(20.0-19.5)=337.29 
l 	20-15 	J 

From table-2: 

For mean monthly temp. 23.05°C; 

Ct=1.092+  1.110 —1.092  (23.05-22.78)=1.100 
23.33-22.78 

From table-3: 

For wind velocity 105 km/day; 

C=1.021 

From table-4: 

For mean monthly relative humidity 75.4% 

CI1=0.75-  0.750 — 0.738  (75.4-75.0)=0.745 
76-75 

From table-5: 

10.901w  
For sunshine percentage 	=0.45 i.e. 45% 

24.00hr 

Cs=0.796 

From table-6: 

For ay. elevation 10m; 

Ce  =0.971 

EP = (0.459) (337.29) (1.100) (1.021) (0.745) (0.796) (0.971) 

= 100. 12mm — 100min 
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ANNEXURE-1 

Table-1 

SALIENT FEATURES OF RUSHIKULYA IRRIGATION SYSTEM: 

LOCATION: 

STATE 	 Orissa 

District 	 Ganjam 

Latitude 	 19°  N to 20° N 

Longitude 	84°  30' E to 85°  E 

Elevation 	+5m to +15m 

RESERVOIRS: 

Bhanjanagar Reservoir 

Sorada Reservoir 

DIVERSION WEIRS: 

(i) Gallery Anicut across Badanadi at sorismali 

(ii) Madharbarida Anicut across Badanadi at Madhabarida. 

(iii) Janivilly Anicut across Rushikulya at Janivilly. 

(iv)  Padma Anicut across Padma at sorada. 

CATCHMENT AREAS: 

(i)  Bhanjanagar Reservoir ... 65 sq.km 

(ii)  Sorada Reservoir ............ 19 sq.km 

(iii)  Gallery Anicut ............... 430 sq.krn 

(iv)  Madhabarida Anicut ........ 2255 sq.km 

(v)  Janivilly Anicut .............. 1813 sq.km 
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(vi) 	Padma Anicut .............. 498 sq.km 

5080 sq.km 

DISTRIBUTION SYSTEM 

MAIN CANALS 

(i) Gallery Canal ......................... 10.50 Km 

(ii) Mahandadi Canal ...................... 31.00 Km 

(iii) Rushikulya Canal ...................... 87.50 Km 

(v) Distributaries, minors & s/rn ......528.00 Km 

COMMAND AREA: 

(i) - 	Gallery Anicut to Bhanjanagar reservoir: 	808Ha 

(ii) Bhanjanagar Reservoir 	................ 1342Ha 

(iii) Madhabarida Anicut ..................... 	8156Ha 

(iv) Rushikulya canal taking off 

from Janivilly Anicut ............... 	50,925Ha 

Cincluding 

13,733Ha 

Under NWMP) 

61,231 Ha 

Improvement to CCA (under NWMP)..... 13,733 Ha 

Cost of improvement (NWMP) ............... 378e80 Lakh 
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TABLE (STATEMENT) NO.34 

ANNEXURE: 4 

INFLATION RATE 

Net benefit (1992-93) = 479.86 rupees lakh 

Net benefit (1999-2000) = 2380.00 rupees lakh 

i.e. after 7 years. 

• Let i = rate of inflation 

479.86 (1+i)" = 2380.00 

= i=0.257=25.7% 

PRESENT BENEFIT - COST RATIO 

	

1. 	Expenditure in 1992-93 = 2.50 rupees lakh 

Present worth of expenditure (1999-2000) = 2.50 (1+0.257)7  = 12.396 rupees 

lakh ......... (a) 

Expenditure in 1993-94 = 186.48 rupees lakh 

Present worth of expenditure = 186.48 ?(1+0.257)6  = 735.603 rupees lakh 

• (b)' 

Expenditure in 1994-95 = 189.82 rupees lakh 

Present worth of expenditure = 189.82 (1+0.257)5  = 595.687 rupees lakh 

(c) 

Present worth of total expenditure = (a) + (b) +(c) = 1343.686 rupees lakh 

	

2. 	Annual cost of development 

W. 	Interest @ 10% =,134.369 rupees lakh 

(ii) Depreciation @ 1% = 13.437 rupees lakh 

(iii) Average annual maintenance from 1995-2000 (As per actual) = 73.752 

• rupees lakh 

Total 	 = 221.588 

rupees lakh 
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3. Net present ( 1999-2000) benefit =2380.00 rupees lakh 

Taking 15% total annual benefit = 357.00 rupees lakh 
(As per actual) 

4. Benefit —Cost ratio = Annual Project Benefit  	357.00 
= 1.61 (attractive) Annual Project Cost 	221.558 

176 	 .\ 



In 
M 

0 z 
a 

o 

y 

t.. t]. 

4. 

O 

b 
N 
o 

", 
^" 

c 
.~ 
o 

•4- 
O 

r' 

.O 

0— 

II 

?+ 
 a 

as 
N 

0 

0p 
II 

c 
O 

t 

.-- 

v~ y d N p 

a: 
C r ~,n gy p • 

a 
,~ 
cc ~ h 

U o' o 

a 
o 00 

-E - 

U 
o 00 
N N 

iG 
E 

5 rr) tq 
N 

O .-, 
~• 

0 

b~iD ~ u cC 	a~ E u M o' O A 
N 

b ~ . 

~ 
0) d •~. O z O z 

CC 
O O 

Q Q 

0 z N 
U) 

177 



II 
(r 

II 
M 

II 
M 
- 

>, p, >, a ~, 00 
rn o0 It a o¢. U n' E N 

4. cC o t+ cd 4. Cd 
Cd tr, N Cd n n n 00 N 

C\ ~ 4-r  .  In ¶1 • 

al 

O O C) O 
0 

T 
~+ 

00 
G v 

44 2 

~O 
d vl N 
O r•1 
O O O 

00 -- O 
c~ ~n 

O O O 

d O M - 

O O O 

— t O 
O O 

c~1 N r7 

O O 

CO 
.'.0 

000 00 
O - - 

N 

O O O z z z 
O 0 0 

A A Q 

ri ~ vi 

178 



O z 
z 

o 

o 
cad 

0 

>; 

o 
to 
Cl ,__, 

C 

b:n O 

o 
• & 

vii 

T 
0— 

• 

- 

N 

00 

.,.$ 
00 

0 

- 
+: 
rn 

o 

II 
• t 

as 
C.  c': 

a 
O~ o v~ 

o 
E C, U 
. N 

a 

cd 

N o M Fy 
W a N c~ 

... u o 00 
U r H.a r o 

V 

o 00 ; 

~'~ 
e In 

N Cl 
- 

E 
'fl 

N - 
o 

A u M N d' 

Cl - 

G~ 
cl 
,G N 

z z 

A A 

0 z ,~ N 

179 



II 
I) 

u 
M 
t/ 1 

u 
M 

II 

• bA N 
~, 

- 
0 

c
o+1 

y 
• - 

— 

II 

c v1 

C rn 0 ci 
O p~ 

4r 
O 

>, 
a 
Q 

N 
O 

oo 

4, 
O 
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ANICUT 

REFERENCE 

RESERVOIR 
DIVERSIONWEIR 	-+ 
CANAL 	 zw~..~. ..,..~_ 
COMMAND AREA 

ROAD 	 , 

JANIVALLV 
ANICUT 
	

m 

i 	_CHH ATRA 

s 

GOPALAPUR 

CHIKITI 

FIG. 2.1 
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• PA DMA RIVER 

C.A. • 40 51.kw. 

LI 	

ORODA RESERVOIR 
CA 'II 12K•••. 
L. C.• 3 2. 8 .. 3 

JOCK R. 

DIITT. M.. 

0I31T.N••2 A•2032 N•.•O.2.74 C.~... 

DNASALIUR MINOR 

D1a7T, MCI 

14 TA. F.I.  

ADAPADA MINOR 

IHODAHADO CIVIC. R.D.25-Ok  

RU!HIKUL'I RIVER 	
BORINOA NALLA 	 BADAMADI 

OALIIRT CANAL L•10k•.A•tlt H._1Y 

7 
• SORISAYUU AHICUT 

C.A•430 Iq. K.. 

LOHARAKHANDI RIVER 
S. 

IODANADI 

YAHANADI CANAL L•aO•DOK,,. 	fIR1soLA CANAL L•SIKA, 
.0.0.00  A• tiSN.. 

JANIVILLI ANICUT 	 YAONONOR10A AMICIII 
C. A• ISIS p, K.S, 	 C.A.•ti SO aq.m... 

RUSHIKULYA RIVER 

5T5. 	DI5TT. 	L • 4SKw. 

ROHIDAM CHANNEL 	L • 5•4 K.. 

SATAPAMDIA CHANNEL ~L•3•SKn 

7TA. OISTT. 	L • Ill K.. 

5TH. DIOTT. L• 4S Km. 

CHAIN TANAPADA CHANNEL  L•I•1k.. 

KUKUD' 'NANDI CNANHIL 
L'S K. 

9TS. DISTT. 	L• 12.8 Kw. 

DUNAANOHACHANHEL  L•1•t Nm. 

IOTA.DISTT. 	L•02.O Ii.. 

g001I5AN BRANCH 
L• 	3 	c.. 

II.T.k'--OI S tTt.L •,2 D •-i K.ly„~ ~. 
A-49Ef H... O.4.60c.... 

I21A.017TT. L•2.61Ki+.., A.567 N•. ,o•O.42ew•c. 

IS TS. DINT!. L•.12D0 K., A•2479,N...,.A 

C.A. ..... ... CAICNYINT ARCH. 
L.C: •• 	LIVE$TORAOT CAPACITT. 
1. ... ... .. LCN1TH. 

MINORS. 

— 	I DISTRIBUTARIES. 

r 	OISTT. UNDER N.N.11.P. 

HUSUL•'ATA MRANCH 

9ALA' IL1 BMANCN  —•-_ 	__CO777t~ 

LIRA I•••C'. DDA I." 
L'S K.. 

DI0TY. 1.10:00k. .,.* .2199.N....1 
_K.C. N. BRANCH 1.5.25,  

PAITARI BRANCH L•7.2 

9C...•...---_ — 

,• 	 +TAIL K.D.t1•eo Kl•. 	FIGS 2.2 

SCHEMATIC DIAGRAM 
OF ' 

RIJSHIKULYA IRRIGATION PROJECT 



R. D. 16 00 Km. 

~-- RUSIKULYA MAIN CANAL -'-- 

R. D.2.115 Km. 	MAHU PADAR S/M L c 0.87Km., 

C.C.A.: 133•60 Ha. 

0 

R. D.12.933 Km. ' PI TAL _ MINOR 1:8.625  Km. 
C.C.A.=921.58 Ha. 

■ 
R. D.15.563 Km. 	MINOR NO.1 1:3.017 Km., 

C.C.A.; 53660 Ha. 

R. D.17.117 Km. 	MINOR NO.11 L =1.804 Km., 

C.C.A. = 360.01 Ha. 

• 

oo 

N 
.A 

R.D.20.520Krn. _, TAIL 

SCHEMATIC DIAGRAM 

FIG. 2.3 	 OF 
NO.2 DISTRIBUTARY 

(RUSIKULYA IRRIGATION SYSTEM ) 

18,9 
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R.D.65 ,52 Km. 
-RUSIKULYA MAIN CANAL 

m 

m 

JHADONKOLI 	MINOR 
m 

R. D.7. 315 Km. 
L:1.27 Km., 	C.C.A.:406 Ha. Z  1  

x 

HADAGUMULA MINOR R. D.7.982 Km. 
L-1.43 Km.,C.C.A.=140 Ha. 

R.D.9.083 Km. — LUHAJORE MINOR 

U) 
L=0.912 Km., C.C.A.: 240 Ha. 

R.D10.945 Km. '' NARENDRAPUR MINOR 
L=1.06 Km., C. C.A.=168 Ha. 

AMBAPUR MINOR — R,D.11.740 Km. 
L-1.615 Km., C.C,A.:139 Ha. 

m 

C 

R.D.12.082 Km. RAGHUNATHPUR• MINOR 
_, L=1.92Km.,C.C.A.=150Ha. 

PATHARA 	MINOR R.D. 13.746 Km. 
La1..825Xm.,C.C.A.-445 Ha.  

R.D.14.972 Km. ,, SINDHIGAON 	MINOR 
L-2.3 Km.,C.C.A.a537Ha. 

3 

R.D.17.903 Km. MUSIDIPALAM 	MINOR 
n L:161 Km., C. C.A.c 193 Ha. 

ARUAPALLI MINOR 	 D  R. 0.20.750 Km. 
L=1.71 Km.,C.C.A. _122 Ha. 

FIG• 2-5 

N 

SCHEMATIC DIAGRAM 
OF 

ELEVENTH DISTRIBUTARY 
(RUSIKULYA IRRIGATION SYSTEM) 
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R.D.69.20 Km. 

SCHEMATIC DIAGRAM 
OF 

FIG. 27 	 TWELVETH DISTRIBUTARY 
(RUSIKULYA IRRIGATION SYSTEM I 
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R.D.71.400 Km. 
---RUSIKULYA MAIN CANAL -- 

"Ba  MINOR, L=1.80 Km. 

C.C.A.=336 Ha. 

R.D. 8•S11 Km. Ito aCd  MINOR , L-1.70 Km. 

II: 

C.C. A, _ 110 Ha. 

FIG• 2.9 

SCHEMATIC DIAGRAM 
OF 

THIRTEENTH DISTRIBUTARY 
I RUSIKULYA IRRIGATION SYSTEM I 
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R.D. 77-100 Km 

• -~-RUSIKULYA MAIN CANAL ~- 

0 
C 

m 

MAJHIDIHO MINOR 	 '^ R. D.'5.310 Km. 
L= 1.440 Km., C.C.A. = 318 Ha. 	Z 

SUNATHARO MINOR 
	 m 

R. D. 8-000 Km. 

Le5.000Km., C.C.A.=571 Ha. 	
I 

- o 

L c 1.40 Km., C.C.A.= 63 Ha. 	o L :3-2 Km.,C.C.A.=244 Ha. 
0 

E X  Y 
c•  3  to .  Y 

cn 	 a) 
1 

P 0  0 
a:  D 0:  D: 

0)  - 
N w 

O  - 

SCHEMATIC DIAGRAM 

FIG- 2.11 	 OF 
FOURTEENTH DISTRIBUTARY 
(RUSIKULYA IRRIGATION SYSTEM I 

1 n7 
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C/S OF DISTRIBUTARY NO. 2 (FIG. 2.13 a) 

T ~ 	0.61m. ~ - - - -- 
1 	 061 m. 	J1 

'E---- 5486m. 	 ~--•-- 3.600 m.~ 

00 TO .1. 981 Km. 	 12.935 TO 15.563 Km. 

	

J
T : . 	 1.5

1 
	 1.5 

ft 5160m.~  

1.981 TO 3.109 Km. 	 15. 563 TO 17.117 Km, 

	

D=0 99 m. 	15 	 045 m. 	J1 

	

4 80m. 	 1.52m. 1E•- 

3.109 TO 6.675 Km. 	 17.117 TO 18. 672 Km. 

., 	
•-^ 0.61 m. 	

1
~ 1  

	

D=0.04 m. 	 0 30 m. 	J1 
=0.30m. 	1.5 

	

~--3•350m. 	
-1.22m4_. 

	

6.675 TO 9.022 Km. 	 18.672 TO 20.067 Km. 

0.61 m. 

D:0.91m. 	1.5 	 0.30 m. 	,••J1 

	

k--3-200m.- .J 	 --e.I0 0 -- 
m. 

9.022 TO 12.935 Km. 	 20.067 TO 20.520 Km. 

I 



C. S. OF 11th DISTRIBUTARY (FIG. 2.13 b) 

0.61 	 0_•61 

De 1. 200 	 1.5 	 Dv1.00 	1.5 

F4.267m..-a+ 
	 r3.0 m.-1 

00 TO 7.453 Km. 	 11.843 TO. 14.843 Km, 

0.61 

Dc 1.000 	1.5 

~--.5.496 m• —.~ 

7.453 TO 7.672 Km 

0. 6, 

D=0.61 	1.5 

-•—►I1.829~- 
m. 

14.843 TO 17.798 Km. 

0.61 

~1 D= 1.000 	
1•S 

3•8m. sJ 

7.672 TO 9.406 Km. 

J1 

1.372 m• 
17.798 TO 20.668 Km. 

~1 D= 1.000 	 1.5 

I4.3.353m.-' 

9.406 TO 11.843 Km 

030 

D=0.45 	 1 5 

1.524 m. 

20.668 TO 22.530 Km. 
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C.S. OF 13th DISTRIBUTARY OF R. CANAL (FIG. 2.13 c ) 

3.000m.__3J 

00 TO 4.023 Km. 

0.61 

2.438m. 

4.023 TO 7.972 Km. 

0.61 

~1/2 

n=  fl. 8n  1 

2.438m.~ 

7.972 TO -10.072 Km. 

U5 

~1/2 
D=0 63  1 

.1.829m.- 

-

~ 

10.072 TO 11.291 Km. 

0.30 

D=0.42 	 1 

fr1 82 9 m.-•I 

11.291 TO 12.710 Km. 
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C.S. OF 14th DISTRIBUTARY OF R. CANAL (FIG.2.13 d) 

0 61 

D=1.00 	 ~1/2 

k 26 m. 

00 TO 1.609 km. 

0 61 

D=1.00  1 

I
.f 1 •83m.--, 

1.609 TO 5.078 Km. 

0.61 

J1/2 
D= 1 00 	 1 

1.52 m. 

5.078 TO 7.541 Km. 

0.45 

J1/2 

D=d 80 	 1 

k 52m.-1 

7.541 TO 8.906 Km. 

0 30 

D= 0 36 

~4•83m.-4 

8.906 TO 9 857 Km. 
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Decision - making about 
maint°nanC.e of facilities 
for acquisition of water 

ACQUISITION ~1   

z 

Q ALLOCATION 0 3 

(I ) 
:v 
	Z 	;' 

m a 	zl 

W DISTRIBUTION  
r 	Z 

o 
DRAINAGE Z 

Construction • 	Maintenance  
Design 	Operation  

CONTROL STRUCTURE ACTIVITIES 

Figure 3.4 - Matrix of irrigation management activities 
• ( adopted from Uphoff,  ,1986) . 
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Enter your name: ABINASH 
ABINASH, This program tries to illustrate the analysis of Pump Test Data. 
Would you like to continue with analysis. 
Enter `y' for yes and `n' for no 	 Y 
ABINASH, Do you want to analyze CONFINED or UNCONFINED aquifer. Write `c' 
or `u' according to your choice: 	C 
I/I//ff//I/If//I/1////f//////I//I////f//If///I/I//I/I TEST FOR CONFINED AQUIFER ///f///f////////// 
O.K.ABINASH, Let me introduce you with the terms being used in this analysis. 
* T is TRANSMISSIVITY 
* K is HYDRAULIC CONDUCTIVITY 
* S is STORAGE COEFFICIENT 
This analysis is based on THIEM EQUATION. Here we find out certain 
parameters of the aquifer so that we would become able to find out 
TRASNMISSIVITY, RECHARGE CAPACITY, STORAGE CAPACITY of the aquifer. 
We will use the equation 

T= (Q*log(r2/rl))/(2*pi*(sl-s2)) 
This equation enables calculation of T from the pumping rate Q and the equilibrium 
drawdowns sl and s2 measured in two observation wells at distances rl and r2 from the 
pumped well respectively. 
STORAGE COEFFICIENT `S' can be determined in a relatively simple manner with the 
Transient Flow Equation i.e. 

S=(Q*W(u))/(4*pi*T) 
Where W(u) is Well Function and can be determined for the particular values of u at 
fixed value of r (the distance of the observation from the pumping site. However, here 
you have to provide with few parameters ... such as r2, rl, sI, s2 and W from the data 
acquired. 
Enter the values of rl and r2 respectively (in meters): 100 200 
Enter the values for Hydraulic Conductivity K(const.) and width of aquifer b (in meters) 
respectively : 	75 30 
Enter the value for exponential integral `u' and time elapsed after the start of pumping `t' 
(in minutes): 	0.000242 15 

-Enter the distance `r' (in meters) from the pumping site: 100 
############# RESULTS ####################### 
The Transmissivity of the confined aquifer is : 2250 square meter per day. 
The Storativity of the aquifer is: 	0.003267 
############################################## 
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SUCCESS WITH IRRIGATION 

ACTION RESEARCH 



APPENDIX —V 

HOW TO SUCCEED WITH IRRIGATION ACTION RESEARCI-I 

Rural development's all the rage 
And irrigation's reached the stage 
When finds will flow if you can say 
Actin research is on the way. 
The title's new, the techniques old, 
The pickings rich for all the bold. 

Success eludes none but those fools 
Who do not heed some simple rules. 
Reconnaissance you do not need. 
Prepare your programme with all speed. 
For what to test no need to care 
Choose any dogma that your hear. 

Field leveling and OFD, 
8 hectare chaks, warabandi. 
Lining the channels or rotation, 
Conjunctive use, participation-
Pick any action that you will 
If fashionable, it fits the bill. 

To choose the site, criteria 
Are simple, obvious and clear. 
The most important one by far's 
A tarmac road for motor cars. 
As well, it must be close to town 
For rapid transit up and down. 

Make sure the water flow is steady. 
Have your staff there always ready. 
If water's short at system level, 
Get it first, and let the devil 
Take the hindmost at the tail. 
For science, your interest must prevail. 

Make sure the biggest farmers gain-
Their PR's needed to explain 
To VIPs on their brief stops 
The splendid impact on their crops. 
(Small farmers should not be a worry 
No one will meet them in a hurry.) 
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Recruit the bankers to your team 
• And organize a credit stream. 

Good fertilizer, HYVs 
And pesticides are sure to please. 
Andy if you want to get first prize 
Why then it's best to subsidize. 

So when it comes to harvest day 
You'll be all right —thanks NPK! 
Crop-cutters, here's the patch of field 
Where you will get the highest yield. 
And none will say you are a liar 
If you make it even higher. 

If any area does badly 
Cut it out, reject it gladly. 

• Say special factors made it fail-
A water shortage, pests or hail. 
The only truth there is to tell 
Is found in places which do well. 

So all is fine. You have succeeded. 
The will to win was what was needed. 
The yields were treble, water half 
-You at the back, what makes you laugh?-
The farmers, they are satisfied 
It shows how very hard youtried. 

Thus is achieved the vital task. 
In praise and glory humbly bask. 
Honoured for service and devotion 
-Who.knoSvs?-You may now get promotion. 
If others fail to replicate 
For lack of water, that's their fate. 

The Reply 
Ah, academic casting doubt, 
Your do not know what you're about. 
You safely criticize the few 
Courageous ones who risk and do.. 

The armchair critic's petty mind. 
Can always flaws and errors find. 
However much abuse is hurled 
Action researchers change the world. 
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