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Module 1 - Water availability and demand and National Water Policy 

LESSON 1. WATER AVAILABILITY AND DEMAND IN INDIA 

Introduction 

India with 2.4% of the world‘s total area has 16% of the world‘s population; but has only 4% 
of the total available fresh water. While the total water resource availability in the country 
remains constant, the per capita availability of water has been steadily declining since 1951 
due to population growth. The twin indicators of water scarcity are per capita availability 
and storage. In estimation, planning and use of water resources one need to know the 
availability and demand to proceed further. This lecture presents the estimates of water 
availability and demand in India from recent reports under the following units. 

1.1 Water Availability in India 

India receives a total precipitation of about 4000 Billion cubic metres (BCM). However, 
rainfall in India shows a very high degree of spatial and temporal variability. Nearly 3000 
BCM of precipitation occurs during the monsoon months from June till September. The 
spatial variability is also very conspicuous as it varies between 100 mm in Western Rajasthan 
and 11000 mm at Cherrapunji in Meghalaya. There are 13 major river basins in the country 
having a catchment area exceeding 200 km2. The flows in rivers vary significantly. Available 
water resources have been assessed to be 1869 BCM. However in view of the physiographical 
and topographical features, the utilizable water is assessed as 1123 BCM comprising of 690 
BCM of surface water and 433 BCM of replenishable groundwater. The water resource 
potential of the country has been assessed from time to time by different agencies. The 
different estimates are shown in Table 1.1. It may be seen that since 1954, the estimates have 
stabilized and are within the proximity of the currently accepted estimate of 1869 billion 
cubic metre (bcm) which includes replenishable groundwater which gets charged on annual 
basis. 

TABLE 1.1 Estimates of Water Resources in India 

Agency Estimate in bcm Deviation from1869 bcm 

First Irrigation Commission (1902–03) 1443 –23% 

Dr A.N. Khosla (1949) 1673 –10% 

Central Water and Power Commission (1954–66) 1881 +0.6% 

National Commission on Agriculture 1850 –1% 

Central Water Commission (1988) 1880 +0.6% 
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Central Water Commission (1993) 1869 – 

  

The details of India‘s Water Budget are furnished in table 1.2. 

TABLE 1.2   India’s Water Budget (BCM), 2009 

  
                                                                                                                   

Analysis Based 
on Estimates 
of  Ministry of 
Water 
Resources 

Estimates 
Based on 
Worldwide 
Comparison 

Annual rainfall 3,840 3,840 

Evapo -transpiration 
3,840–(1,869 
+ 432) = 1,539 
(40 per cent) 

2,500 (65 per 
cent) 
Worldwide 
Comparison 

Surface run-off 
1,869 (48.7 
per cent) 

Not used in 
estimate 

Groundwater recharge 
432 (11.3 per 
cent) 

Not used in 
estimate 

Available water 
2,301 (60 per 
cent) 

1,340 (35 per 
cent) 

Utilizable water 

1,123 (48.8 
per cent of 
2,301) Gupta 
and  
Deshpande 
(2004)2 

654 (48.8 per 
cent of 
1,340) 

Current water use 634 634 

Remarks 
Current use 
(634) well 
below 1,123 

Current use 
(634) close 
to 654 

Source: T.N. Narasimhan and V.K. Gaur (2009): A Framework for India’s Water Policy, National Institute 
for Advanced Studies, Bangalore. 
1 T.N. Narasimhan, ‘A Note on India’s Water Budget and Evapotranspiration’, Journal of Earth System 
Science, Vol. 117, 2008. 
2 S.K. Gupta and R.D. Deshpande, ‘Water for India in 2050: First Order Assessment of Available 
Options’, Current Science, Vol. 86, 2004. 
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1.2 Utilizable Water Resources Potential 

Within the limitations of physiographic conditions, socio-political environment, legal and 
constitutional constraints, and the technology available at hand, the utilizable water 
resources of the country have been assessed at 1123 bcm, of which 690 bcm is from surface 
water and 433 bcm from groundwater sources (CWC, 1993). Harnessing of 690 bcm of 
utilizable surface water is possible only if matching storages are built. Trans-basin transfer of 
water, if taken up to the full extent as proposed under the National Perspective Plan, would 
further increase the utilizable quantity by approximately 220 bcm. The irrigation potential of 
the country has been estimated to be 139.9 MH without inter-basin sharing of water and 175 
MH with interbasin sharing. Ultimate Irrigation Potential of States of India is given in table 
1.3 

Table  1.3   Ultimate Irrigation Potential by State (Unit : '000 Hectares) 

Sl. No State/U.T. 

Major & 
Medium 
Surface 
Water 

                       Minor Irrigation Total 
( Major, 
Medium 
&  Minor) 

Surface 
Water 

Ground 
Water 

Total 

1  2  3  4  5  6  7 

1  Andhra Pradesh  5000  2300  3960  6260  11260 

2  Arunachal Pradesh  0  150  18  168  168 

3  Assam  970  1000  900  1900 2870 

4 Bihar  5224  1544  4120 5664 10888 

5  Chhattisgarh  1147  81  490  571 1718 

6  Goa  62 25 ` 25 87 

7 Gujarat 3000  347  2756 3103  6103 

8  Haryana  3000  50  1462  1512 4512 

9  Himachal Pradesh  50  235  68  303  353 

10  Jammu & Kashmir  250  400  708  1108 1358 

11  Jharkhand  1276  354  830  1184  2460 

12  Karnataka  2500 900 2574  3474  5974 

13  Kerala  1000  800  879  1679  2679 

14  Madhya Pradesh  4853  2111  9250  11361  16214 

15  Maharashtra  4100  1200  3652  4852  8952 
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16  Manipur  135  100  369  469  604 

17  Meghalaya  20  85  63  148  168 

18  Mizoram  0  65  5  70  70 

19  Nagaland  10  70  5  75  85 

20  Orissa  3600  1000  4203  5203  8803 

21  Punjab  3000  50  2917  2967  5967 

22  Rajasthan  2750  600  1778  2378  5128 

23  Sikkim 20  50  0  50  70 

24  Tamil Nadu  1500  1200  2832  4032  5532 

25  Tripura 100  100  81  181  281 

26  Uttar Pradesh  12154  1186  16295 17481  29635 

27 Uttarakhand  346  14  504  518  864 

28  West Bengal  2300  1300  3318  4618  6918 

Total States  58367  17317  64066  81383  139750 

Total UTs  98  20  26  46  144 

Grand Total  58465  17337  64092  81429  139894 

Source: Table 15 
in http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.p

df 

1.3 Per capita availability of water 

While the total water resource availability in the country remains constant, the per capita 
availability of water has been steadily declining since 1951 due to population growth. The 
twin indicators of water scarcity are per capita availability and storage. A per capita 
availability of less than 1700 cubic metre (m3) is termed as a water-stressed condition while if 
per capita availability falls below 1000 m3, it is termed as a water scarcity condition. While on 
an average we may be nearing the water-stressed condition, on an individual river basin-
wise situation, nine out of our 20 river basins with 200 million populations are already facing 
a water-scarcity condition. Even after constructing 4525 large and small dams, the per capita 
storage in the country is 213 m3 as against 6103 m3 in Russia, 4733 m3 in Australia, 1964 m3 in 
the United States (US), and 1111 m3 of China. It may touch 400 m3 in India only after the 
completion of all the ongoing and proposed dams. The Per Capita Availability of Water in 
India during 2010 is tabulated in Table 1.4. 

http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
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Table 1.4 : Per Capita Availability of Water in India during 2010 

Sl.No. River Basin 
 Average Water 
Resources Potential 

Estimate Population 
in 2010 (millions) 

Per Capita Availability 
of water in 2010 
(cubic meter) 

   1  2 3  4  5 

   1 
Indus 
(up to Border) 

 73.31  58.42  1255 

   2 Ganga  1110.62  549.94  2020 

   3 Godavari  110.54  75.30  1468 

   4 Krishna  78.12  84.78  921 

   5  Cauvery  21.36  40.85  523 

   6 Subernarekha*  12.37  13.10  944 

   7 
 Brahamani & 
Baitarni 

 28.48  13.66  2085 

   8  Mahanadi  66.88  37.09  1803 

   9  Pennar 6.32  13.53  467 

  10  Mahi  11.02  14.64 753 

  11  Sabarmati  3.81  14.64  260 

  12  Narmada  45.64  20.50  2227 

  13 Tapi  14.88  20.64  721 

  14 
West Flowing 
Rivers 

 87.41  112.25  779 

  15 
East Flowing 
Rivers 

 22.52  95.65  235 

  Others  62.54  12.00  - 

              TOTAL 1869.35  1177  1588 

  

Source: Table 6 
in http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.p

df 

 

http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf


Minor Irrigation 
 

10                                 www.AgriMoon.Com                      
 

1.4 Water for nature 

The question of a trade-off between competing claims on water becomes most important in 
the context of ecological requirement. The National Water Policy (NWP) places ecology in the 
fourth place in the order of priorities for water use. Yet, there is a general agreement amongst 
all that any water diversion needs to take care of river ecosystem downstream. The problem 
is of quantifying the Environment Flow Releases (EFR), that is the flow required for 
maintaining ecosystems. Usable water will be reduced to that extent. During 2004–05, the 
Ministry of Environment and Forests (MoEF) appointed a committee headed by Member, 
Central Water Commission (CWC), to develop guidelines for determining the EFR. The 
committee submitted its report in 2005. Depending on what the final accepted 
recommendation is, the minimum flow required for maintaining the river regime and 
environment will be decided and considered in water resources development and 
management. 

1.5 Population growth & demographic changes and their impact 

India with 2.4% of the world‘s total area has 16% of the world‘s population; but has only 4% 
of the total available fresh water. The total population of the country in 1901 was 238.4 
million. After independence, our country witnessed a spurt in population growing at a rate 
more than 20% per decade. In 1951, it was 361.1 million which increased to 439.2 million in 
1961 and then on to 683.3 millions in 1981. The surge was unabated through 1990s. The 
population of 846.4 millions in 1991 attained 1028.7 million at the turn of the twenty first 
century i.e in 2001. It is being forecast that the population could be of the order of about 1210 
millions by 2011 on the basis of about 17.64% growth rate for the 2001‐2011 decade. It is 
obvious that urban growth trend is progressive while rural growth is regressive as per the 
emerging results of the Census study. Relatively increased rate of urban population growth 
would require relatively higher allocation of water for domestic purposes. Further, the 
industrial growth also calls for more requirement of industrial water supply. Related 
challenge also comes in the form of pollution of water which needs to be addressed as part of 
urbanization issues. 

Considering the high variability in the yield of the rivers both temporally and spatially, 
conservation of water resources becomes very important. As per available information, a 
total of about 225 of surface water storage have since been created. Further due emphasis has 
been laid on water conservation through rainwater harvesting and artificial recharge to the 
groundwater. However, the per capita storage of about 190 cubic metres in the country is 
miniscule compared to per capita storages in countries like USA, Australia, Brazil & China 
which are about 5961, 4717, 3388 and 2486 cubic meters respectively. Due emphasis has to be 
laid on conservation of water, recycling of water into utilizable water, introducing efficient 
methods and better management practices. This is more so to meet the increasing demand of 
water for various purposes in view of growing population, industrialization and 
urbanization. 

1.6 Water requirement for various sectors 

Water Requirement for Various Sectors estimated by Standing Sub- Committee of MoWR 
and NCIWRD are in table 1.5. 
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TABLE 1.5 Water Requirement for Various Sectors 

Sector 

Water Demand in km3 (or bcm) 

Standing Sub- Committee of 
MoWR 

National Commission for Integrated Water Resources 
Department (NCIWRD) 

2010 2025 2050 2010 2025 2050 

Irrigation 688 910 1072 557 611 807 

Drinking 
water 

56 73 102 43 62 111 

Industry 12 23 63 37 67 81 

Energy 5 15 130 19 33 70 

Others 52 72 80 54 70 111 

Total 813 1093 1447 710 843 1180 

 

1.6.1 IRRIGATION REQUIREMENT 

Irrigation Use is the most critical parameter in water management. NCIWRD estimates that 
the share of irrigation demand out of the total will decline to 72% by 2025 and to 68% by 2050 
as revealed in Table above. The population for 2012 has been projected to be of the order of 
1.2 billion by Census study. Hoping that the present decadal growth rate will decline 
steadily, a population of 1.58 billion, the upper limit adopted by NCIWRD will itself be 
under‐estimation for 2050. Therefore, for analysis, only the higher limit is adopted. Between 
2025 and 2050, there is a projected demand gap of nearly 200 BCM. Considering from XII 
Plan onwards, the demand gap could be of the order of 250 BCM. Even if a fair percentage of 
this additional demand is borne by groundwater, the extra burden on surface irrigation will 
be of the order of 150 BCM to achieve self‐sufficiency by 2050. The need and urgency about 
creating more storage through Major & Medium Irrigation sector in the country is apparent. 

1.6.2 NON‐IRRIGATION (DOMESTIC, INDUSTRIAL & ENERGY) REQUIREMENTS 

Due to rapid industrialization and urbanization in a developing country like ours, the 
demands on domestic, industrial and energy requirements are expected to mount at a rapid 
rate. NCIWRD has projected for domestic‐industrial‐energy requirements, an additional 
demand of 100 BCM for 2050 over that of 2025. Considering from XII Plan onwards, it can be 
estimated to be of the order of 150 BCM. The extent of this additional demand can be realized 
from the fact that it is almost equal to the additional live storage capacity envisaged from 
projects likely to be commissioned in future. 
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1.7 Impact of climate change 

With all these challenges notwithstanding, another challenge has emerged ‐ the global threat 
of climate change. It is understood in common terminology as 'Global Warming'. The effect of 
climate change could be, as experts attribute, the thinning of ice cover and reduction of its 
duration and increase in sea level due to increase in temperature. There could be changes in 
the variability of climate and changes in the frequency and intensity of extreme climatic 
events. It could be induced through human activities or natural variability. It affects all 
natural processes thereby influencing agrarian economies considerably. Climate change is 
not only a major global environmental problem but also an issue of great concern to a 
developing country like India. 
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LESSON 2. National Water Policy, 2002 

Introduction 

Water is part of a larger ecological system. Realising the importance and scarcity attached to 
the fresh water, it has to be treated as an essential environment for sustaining all life forms. 
Water is a scarce and precious national resource to be planned, developed, conserved and 
managed as such, and on an integrated and environmentally sound basis, keeping in view 
the socio-economic aspects and needs of the States. It is one of the most crucial elements in 
developmental planning. As the country has entered the 21st century, efforts to develop, 
conserve, utilise and manage this important resource in a sustainable manner, have to be 
guided by the national perspective. Availability of water is highly uneven in both space and 
time. Precipitation is confined to only about three or four months in a year and varies from 
100 mm in the western parts of Rajasthan to over 10000 mm at Cherrapunji in Meghalaya. 
Rivers and under ground aquifers often cut across state boundaries. Water, as a resource is 
one and indivisible: rainfall, river waters, surface ponds and lakes and ground water are all 
part of one system. Hence a common policy is required for the country. This lecture presents 
the National Water Policy in India from recent reports under the following units. 

2.1 Need for a National Water Policy 

Water is a prime natural resource, a basic human need and a precious national asset. 
Planning, development and management of water resources need to be governed by national 
perspectives.  As per the latest assessment (1993), out of the total precipitation, including 
snowfall, of around 4000 billion cubic metre in the country, the availability from surface 
water and replenishable ground water is put at 1869 billion cubic metre. Because of 
topographical and other constraints, about 60% of this i.e. 690 billion cubic metre from 
surface water and 432 billion cubic metre from ground water, can be put to beneficial use. 

Floods and droughts affect vast areas of the country, transcending state boundaries. One-
sixth area of the country is drought-prone. Out of 40 million hectare of the flood prone area 
in the country, on an average, floods affect an area of around 7.5 million hectare per year. 
Approach to management of droughts and floods has to be co-ordinated and guided at the 
national level. 

Planning and implementation of water resources projects involve a number of socio-
economic aspects and issues such as environmental sustainability, appropriate resettlement 
and rehabilitation of project-affected people and livestock, public health concerns of water 
impoundment, dam safety etc. Common approaches and guidelines are necessary on these 
matters. Moreover, certain problems and weaknesses have affected a large number of water 
resources projects all over the country. There have been substantial time and cost overruns 
on projects. Problems of water logging and soil salinity have emerged in some irrigation 
commands, leading to the degradation of agricultural land. Complex issues of equity and 
social justice in regard to water distribution are required to be addressed. The development 
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and overexploitation of groundwater resources in certain parts of the country have raised the 
concern and need for judicious and scientific resource management and conservation. All 
these concerns need to be addressed on the basis of common policies and strategies. 

2.2 National Water Policy 2002 

 India had revised the NWP in 2002 with the following salient features over NWP 1987 
(Government of India, 2009): 

 Establishment of National  and State level data banks to monitor the demand and 
supply; 

 Facilitation for transformation of  available water resources into utilisable water; 

 Non-conventional methods for efficient water use; 

 Supply of water from water surplus areas to water shortage areas; 

 Judicious allocation of water for different uses  and pricing of water to ensure 
sustainable development; 

 Regulation on ground water exploitation and close monitoring of water table using 
modern scientific techniques; 

 Sustainability of existing water bodies, involving all the stakeholders and local 
communities; 

 PPP for water resource development and distribution; 

 Master plan for flood control, by linking different rivers and promoting soil 
conservation measures; 

 Development of drought prone areas through watershed development, afforestation 
and sustainable farming practices;  

 Interstate water sharing policy and timely addressing of disputes.  

Over the last 10 years, the situation has changed drastically and the progress in the water 
sector has not been keeping up with the expected target.  It was therefore felt necessary to 
bring further changes in the policy, particularly in the following areas: 

2.3 Water Allocation Priorities 

In the planning and operation of systems, water allocation priorities should be broadly as 
follows: 

 Drinking water 

 Irrigation 

 Hydro-power 
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 Ecology 

 Agro-industries and non-agricultural industries 

 Navigation and other uses. 

However, the priorities could be modified or added if warranted by the area / region specific 
considerations. 

2.4 Changes proposed in the National Water Policy: 

  Agriculture Sector 
 Improvement in water usage efficiency; 

 Adoption of rainwater harvesting and watershed management techniques; 

 Reduction of subsidies on power supply particularly for pumping water; 

 Prevention of  ground water exploitation by introducing differential pricing, 
rewards and punishments; 

 Implementation of National River Link project which aims to connect 30 rivers 
and canals to generates 175 trillion litres of water. 

  Industrial Sector 
 Encourage recycling and treatment of industrial wastewater through 

regulations and subsidies; 

 Encourage introduction of new technologies which consume less water. 

  Domestic Sector 
 Introduction of a policy for mandatory rainwater harvesting in cities; 

 Propagation of efficient water usage; 

 Creation of awareness about water conservation among common public. 

2.5 Augmentation of Water Resources 

While the consumption of water in India will increase by over 50%, the supply will increase 
only by 5-10% during the next 12-15 years.  This will lead to water scarcity situation and most 
of the people, particularly those who are dependent on agriculture and living in poverty will 
suffer the most.  Water scarcity will affect the food production, biodiversity and the 
environment.  Environmental degradation will accelerate global warming, which in turn will 
accelerate water crisis.  This is a vicious cycle.  The only solution is to tap all the possible 
water resources and make them available for sustainable use, while improving the water use 
efficiency.  This can be done by addressing various concerns and initiating suitable actions 
for development of new water resources, augmentation of available resources, prevention of 
water pollution and improving the efficiency of water use in all the sectors.   For creating 
additional water resources, the following activities should be initiated: 
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2.5.1 Increasing Water Storage Capacity: Activities such as farm ponds, percolation tanks, 
water reservoirs and construction of small and medium size dams and rivers can retain more 
surface water, while increasing the ground water recharge.  Series of contour bounds 
particularly in undulating areas will facilitate percolation of water in the soil and improve the 
ground water table, while reducing soil erosion.  Gully plugging, construction of series of 
small dams on rivulets will help in storing water in reservoirs. 

In the absence of harnessing rainwater in the forests and denuded hilly terrains, inadequate 
soil and water conservation measures are leading to severe soil erosion, silting of rivers beds 
and reservoirs and frequent flooding across the country.  Presently, over 40 million ha are 
prone to floods in the country.  Invariably, 8-10 million ha are affected by floods over year.  
During the year 2007-08, floods in India have caused 3689 deaths, loss of 1.14 lakh livestock 
and damaged 3.5 million houses, causing huge losses to the people, society and the 
Government.  One of the major reasons for soil erosion and silting of rivers is severe 
deforestation.  As a result of soil erosion, many of the rivers have been changing their courses 
almost every year damaging fertile agricultural lands.  Brahmaputra is a good example 
where the width of the river during summer is 3-4 km which increases to 10-12 km during 
the rainy season.  This highlights the extent of flooding of the river and harassment to the 
people living along the river.  Due to poor management of this river, only 22 billion m3 of 
water is utilisable while over 607 billion m3 water is wasted.  Similar situation is prevailing 
with respect to other rivers such as Ganga, Godavari, Mahanadi, Narmada, etc.  

Interlinking of rivers will help in preventing floods while improving water distribution in the 
country.  Control of water flow and floods will prevent soil erosion.  Presently, billions of 
tons of fertile soils along with precious nutrients are washed out of our fertile agricultural 
lands and forests.  In fact, the amount of nutrients lost due to soil erosion is almost equivalent 
to the chemical fertilisers produced in the country.  This highlights the impact of soil erosion 
control on the food production.  Reforestation of degraded forests and development of 
wastelands through afforestation will help in soil and water conservation (IDSA, 2010). 

Judicious distribution of water for different uses can help in preventing water scarcity.  The 
water distribution for different purposes is influenced by powerful lobbies and vested 
interests. Many sectors receive more water than what is needed at the cost of others.  Even 
within the same sector, like irrigation for agriculture, the locations for infrastructure 
development are often influenced by those who are politically powerful, with vested 
interests, while depriving others in needy regions.  To overcome such inefficiency and 
wastage of resources, a suitable investment mechanism should be developed based on the 
needs and return on investments.  A transparent programme implementation mechanism 
and regular monitoring for quality can improve the speed and quality of the projects. 

2.5.2 Efficient Irrigation Practices: Efficiency in irrigation is most essential, if the country 
wants to face the challenge of water crisis.  As most of the crops are watered through flood 
irrigation, over 70% of the water used for irrigation is wasted.  Furthermore, as the water 
supplied is not measured, farmers have a tendency to flood the field with excessive water 
without any additional cost.  Such a practice has been creating a negative impact by way of 
increased cost of leached nutrients, pollution of ground water, increase in soil salinity and 
increase of pests and diseases.  It is high time that India compels the farmers to adopt micro-
irrigation systems, which will not only reduce the water requirement but also bring down the 
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cost of production, while increasing the area under irrigation.  The Government of India 
should consider enforcing a ban on flood irrigation in the country.  Simultaneously, metered 
supply of irrigation water, recovery of water cost, promotion of micro-irrigation systems and 
involvement of water users‘ group for water distribution would significantly help in 
improving the water use efficiency and reducing the cost of agricultural production. 

2.5.3 Watershed Development: Development of watersheds is an important programme to 
make best use of the rainwater for agricultural production while improving soil conservation 
and biodiversity.  Fortunately, the Government of India has given top priority for watershed 
development to provide assured water supply of agriculture in rain fed areas.  Under the 
watershed development programme, the catchment area of a basin is considered as a unit 
and efforts are made to harness rainwater by treating the land from the ridge to the valley.  It 
is estimated that over 63% of the cultivated lands in the rain fed areas need to be brought 
under watershed development to conserve soil and water, which in turn would improve the 
crop yields as well as ground water table.  Watershed development programme introduced 
almost about three decades ago, had covered over 51 million ha by the end of the Tenth Five 
Year Plan.  Additional 36 million ha were being developed under the watershed 
development programme during the Eleventh Five Year Plan.  However, a large number of 
watersheds are still subjected to heavy soil erosion, due to poor quality soil conservation 
work undertaken in the past and lack of convergence with other agricultural development 
activities.  Therefore, there is scope for developing over 125 m ha under the watershed.  Out 
of these areas, 85 m ha are rain fed agricultural lands and 40 m ha are wastelands.  The 
watershed development programme is presently focussing on contour bunding and gully 
plugging, as the budget provided by the Government of India is just adequate to carry out 
these activities.  Additional funds are required to support the farmers to adopt improved 
agricultural practices. 

2.5.4 Control of Water Pollution:  Excessive use of water for agriculture, industries and 
domestic uses is leading to water pollution, because such excess water is transformed into 
saline water, sewage or effluent.  Thus, rewards and punishments should be introduced for 
persuading people to make optimum use of the precious water.  Discharge of sewage and 
affluent into water bodies and rivers must be banned and recycling of waste water must be 
pursued and enforced. This will help in keeping the water sources clean and reducing the 
future demand for water. Treated sewage and effluent can be used for agriculture and 
industrial production. 

2.5.5 Desalination of Sea Water: Over 70% of the global water resources being saline, 
economic desalination of sea water is an excellent option to meet the future shortage of sweet 
water particularly to meet the human consumption.  Presently, desalination of sea water is 
expensive and non-popular.  However, with solar power, desalination can be a viable 
alternative to meet the water needs in coastal areas. 

2.5.6 Research and Development: There is a need for investing in research related to ground 
water monitoring, weather forecasting, breeding water efficient and drought resistant crops 
and varieties which can cope up with the changing climatic conditions, arising due to global 
warming. 
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2.6 Priority areas for Action 

As the time is running out, it is necessary to act on priority in the following areas: 

 The irrigation projects should be well planned and different activities such as relief 
and rehabilitation of project affected population, micro level land use planning and 
capacity building of farmers, should be initiated simultaneously; 

 Afforestation on degraded forests, wastelands as well as river banks should be 
promoted on priority to facilitate soil conservation, recharging of ground water and 
preventing flooding of rivers and siltation of water reservoirs.  

 Increasing irrigation efficiency from the current level of 35% to 50% in surface 
irrigation systems and 65% to 75% in ground water irrigation systems, can be easily 
achieved if careful planning and distribution of water through water meters, judicious 
pricing of water to recover the investment and investment in micro irrigation facilities 
are carried out, while improving the capabilities of the farmers.  Farmers should be 
enlightened about the importance of water conservation and judicious uses, which are 
needed for achieving sustainability. 

 Development of wastelands which are spread over 80 million ha and accelerating soil 
erosion and run off surface water, as improving the productivity of these barren lands, 
will help in conserving water while contributing to food production and biodiversity 
enrichment. 

 Development of local capabilities by grooming new generation water management 
technicians and managers to implement various innovative projects with greater 
efficiency.  There is also a need for promoting multidisciplinary researchers to study 
various aspects of water resources, conservation, efficient storage, reduction of losses 
and sustainable utilisation. 

 Public Private Partnership, including civil society organisations and stakeholders in 
water resources development and conservation.  So far, the State Governments were 
responsible for developing necessary infrastructure and managing water distribution, 
which lacked people‘s cooperation. It is also necessary to organise small farms to 
enable them to get their due share of water, as the poor are excluded from most of the 
development projects due to their ignorance and inability to make necessary 
investments.  Civil Society Organisations as well as Farmers‘ Organisations can help 
small farmers in adopting modern technologies and for establishing forward and 
backward linkage, required for increasing their income. 

 Convergence of various developmental programmes can help in increasing the 
outputs.  There are many development programmes implemented by the Ministries of 
Water Resources Development, Agriculture and Rural Development, which are 
coordinated by a single agency at the grassroot level to ensure effective utilisation of 
the resources while creating better impact. 

 Review of the National Water Policy to enforce a ban on flood irrigation, 
discontinuation of free power supply to pump underground water and prevention of 
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untreated sewage and effluent into rivers should be taken up immediately, as these 
practices do more harm than help the community. Realistic pricing of water based on 
the investment, followed by awareness and education for farmers, introducing reward 
and punishments for maintaining discipline in water management, would help in 
ensuring sustainable development. 
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Module 2 - Irrigation projects and schemes of India 

LESSON 3. A Critical Review Of Mmi Projects: 1947‐2010 

Introduction 

The older irrigation works prior to 19th century were mainly confined to construction of 
ponds to collect excess rainfall, to direct flood flows through inundation channels or canals 
and simple dug wells, where favourable ground water conditions existed. In the past, several 
kings took upon themselves the responsibility to create reliable water supply systems in their 
respective domains. The first Irrigation Commission was appointed in 1901 to report on 
irrigation as a ‗means of protection against famine in India‘. Though irrigation development 
in British period took twists and turns in terms of thrust and direction, it had set the tone for 
the emergence of a dynamic and vibrant irrigation sector in the country. It is, therefore, said 
that harnessing of waters of India's rivers for irrigation purposes would appear as one of the 
most positive ways in which the colonial regime contributed to Indian welfare. The growth of 
irrigation are presented in the following units. 

3.1 Water Resources Development – Historical Prospective 

Grand Anicut in the Cauvery river delta was one of the earliest canal systems built as far 
back as the 2nd Century A.D.Historical evidence points out that Ghiyasuddin Tughlaq 
(1220‐25) was one of the first rulers who took interest in digging canals at the state‘s expense. 
Similarly, Firoz Tughlaq (1351‐86), who was inspired by the Central Asian experience, built a 
number of canals. The Vijayanagar Empire expanded primarily because of large impetus 
provided to irrigation works in the 15th century in southern India. 

In the nineteenth century, British rule in India brought about a significant change in water 
resource development. Some large and extensive works like Upper Ganga Canal, the Upper 
Bari Doab Canal and the Krishna and Godavari Delta Systems were taken up, which were all 
river diversion schemes of fairly large size. In 1867, Government adopted the proactive of 
accepting works which promised a minimum net return. Thereafter, a large number of 
projects were taken up such as the Sirhind Canal, the Lower Ganga canal, the Agra Canal, the 
Mutha Canal, Periyar Dam, the Lower Swat Canal, the Lower Soliag Canal, the Lower 
Chenab and the Sidhnai Canals. Owing to frequent droughts and famines during the second 
half of the 19th century, irrigation development received special attention. Some of the 
protective works constructed during the period were the Betwa Canal, the Nira Left Bank 
Canal, the Gokak Canal, the Mahaswad Tank and the Rushikulya Canal. The total irrigated 
area towards the end of the 19th century, both by public and private works, was around 13.2 
Mha of which 56 percent constituted the public works. Source wise, canals irrigated 45 
percent, wells 35 percent, tanks 15 percent and other sources five percent of the area. 
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 3.2 Recommendations of Irrigation Commissions 

The first Irrigation Commission was appointed in 1901 to report on irrigation as a ‗means of 
protection against famine in India‘. Prior to setting up of this commission, a few Famine 
Commissions had been set up and those Commissions had also recommended the 
development of irrigation works to contain the adverse impact of frequent famines. 
However, it was only after appointment of the First Irrigation Commission that a number of 
ambitious construction programmes were taken up to fight famine. The Commission in its 
Report recommended financial yardsticks for taking up famine relief and protective works. It 
also made a thorough review of irrigation development in the provinces and recommended 
proposals for new schemes. The more important public works recommended by the 
Commission included Chankapur storage on river Girna, Maladevi storage on river Pravara, 
storage works on the rivers Ujjani and Ghataprabha, improvement of Kurnool‐Cuddapah 
Canal, storage works on rivers Cauvery and Krishna, the Ken Canal, the diversion of Sarada 
waters into the Ganga above the Narora weir and location of suitable storage sites on the 
rivers Sabarmati, Mahi and Narmada. That Commission inter‐alia suggested the need for 
conjunctive use of surface and ground water, preparation of complementary programmes 
covering engineering works, watershed management and ayacut development and also 
recommended constitution of seven River Basin Commissions for the whole country to 
oversee all water resources development. Keeping in view the social urges and the demand 
for the removal of regional and social disparities, the Commission recommended 
construction of minor works in a time bound framework in under‐developed area. In order 
that irrigation in India should pay for itself, the Commission recommended that the water 
rates should be raised to a level sufficient to cover the cost of maintaining and running the 
works and a reasonable rate of interest on investment. It also advocated the use of computers 
for the collation of irrigation and agriculture statistics in order to provide the latest 
information to irrigation planners. The Irrigation Commission supported the adoption of B: C 
Ration criteria in sanctioning projects as practiced then. However, it also recommended that 
the practice of accepting projects with B:C ratio more than 1.5 be relaxed in the case of 
drought areas with lower limit of 1.0. The Commission also recommended the setting up of a 
High Level Authority, ―The National Water Resources Council‖, to take policy decisions for 
the conservation, utilization and inter basin transfers of water; to lay down priorities for the 
use of water; to keep a continuous watch on the working of the River Basin Commissions and 
problems of inter‐state rivers and to ensure that the formulation and execution of irrigation 
projects were in accordance with the highest national interest. The Commission further 
highlighted the importance of soil conservation in protecting the watershed and, therefore, 
recommended adoption of such measures as afforestation, pasture development, protection 
of river fringes, road sides and the shore lines of the reservoir and the control of forest fires. 
Similarly, the concept of participatory irrigation management by constituting water users‘ 
associations was another important recommendation for economical and efficient use of 
water resources. The Commission also suggested that a special administrative agency for the 
coordinated and expeditious development of command area under the medium and major 
projects was necessary and each project should have a separate ayacut development agency. 
These recommendations were taken into consideration from time to time during the 
subsequent Plan Periods. 
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3.3 Irrigation in Early Twentieth Century 

The emphasis shifted from productive to protective irrigation systems. By 1901, area irrigated 
by protective works was only a little over 0.12 million hectares, while the gross area irrigated 
from public works was about 7.5 million hectares (Mha), of which 3 Mha was from minor 
works like tanks and inundation canals. Farmer-managed irrigation systems (FMIS) also 
contributed their might to increase Irrigation potential, as area irrigated by private works 
was 5.7 Mha of which 70 per cent was by wells and the remaining from tanks, streams and 
channels. 

Though private works contributed and continue to contribute their might for the expansion 
of irrigation, they remained outside the ambit of irrigation policy per se, except for a limited 
purpose of extending institutional financial support where initiative comes from individuals 
or communities. Therefore, not much attention is paid for its detailed analysis here, 

A shift in the thrust of irrigation development from productive to protective is more 
significant. For, the British government was particular about the returns on investment and 
concentrated only on prime areas. Environmental compulsions have, however, forced to relax 
the productive norms applied for irrigation systems There was a spurt in protective irrigation 
works in the first two decades of this century, The recognition of its importance is revealed 
by a six-fold increase in outlay on protective works: the outlay has increased from Rs 2 crores 
in 1903 to about Rs 12 crores in 1921 as against a two-told increase in the overall outlay on 
irrigation—protective and productive together—from Rs 40 crores in 1901 to Rs 79 crores in 
1920-21. At the end of this period, the area irrigated was 10.4 Mha by public works and 8.9 
Mha by private works in British India and 3.3 Mha in the former princely States with a total 
of 22.6 Mha. 

The Bengal famine (1943) gave a spun to further expansion of protective rather than 
productive irrigation works to increase food production. The realization seemed to have 
come soon that public systems alone cannot meet shortages of food. The stress was, therefore, 
on private irrigation works also. The Famine Enquiry Commission (1944) in particular 
emphasized the need for concentrating on private works. They perhaps thought that it was 
the best strategy to harness locally available water resources by using the local skills and 
materials, including capita!. In a way this was a meaningful approach to tap the surplus 
resources and plough back the same for developmental processes. By 1945, the area irrigated 
from private sources in undivided India, excluding princely states, was 10 Mha of which 4.4 
Mha was by wells. This shows that groundwater exploitation was as important as surface 
irrigation. However, it was the monopoly of private individuals. The Table 3.1 gives the 
status of irrigation development in British period. 

TABLE 3.1 AREA IRRIGATED IN UNDIVIDED INDIA (Net area irrigated in million 
hectares) 

Year Public Sector Private Sector Total 

1900 7.6 (57) 5.7 (43) 13.3 (100) 

1920-21 10.4 (54) 8.9 (46) 19.3 (100) 
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1945 13.5 (58) 10.0 (42) 23.5 (100) 

Note: Figures in parentheses are percentages. Source: Government of India, Ministry of 
Agriculture and Irrigation. New Delhi. Report of the National Commission on 
Agriculture. 1976, Vol. 5, p. 14, 

Two distinct trends in the progress of irrigation are observed from the data presented above. 
In the first two decades (1900-20) area irrigated by private sources has shown a perceptible 
increase (56.1 per cent) when compared with public sector (36.8 per cent); a reverse trend is 
observed in the subsequent two decades (1920-45). Since British government initially was not 
favourably disposed to its expansionist role into less productive irrigation systems, increase 
in area irrigated under public works was understandably slow. When the state expansionism 
became inevitable to combat natural disasters like famines and droughts by extending 
irrigation to less endowed regions, the area under public works had naturally increased 
faster than under private works. While appreciating the inevitability of state expansionist 
role in irrigation development, the slow pace of progress witnessed under private works was 
not welcomed. That could be the reason why the Famine Enquiry Commission (1944), as 
pointed already, emphasized the need for encouraging private irrigation works to 
supplement the government works, 

Between 1900 and 1945 area irrigated by public works had increased by 77.6 per cent as 
against 75.4 per cent in private sector; it indicates that the colonial rule not only expanded 
state intervention but also encouraged irrigation under private sector. However, the 
performance of private sector, in terms of area irrigated, between 1921 and 1945 was not very 
encouraging. The area irrigated by private sources increased by only 12.4 per cent between 
1921 and 1945 as against 29.8 per cent under public sector. Though irrigation development in 
British period took twists and turns in terms of thrust and direction, it had set the tone for the 
emergence of a dynamic and vibrant irrigation sector in the country. It is, therefore, said that 
harnessing of waters of India's rivers for irrigation purposes would appear as one of the most 
positive ways in which the colonial regime contributed to Indian welfare. 

The partition of the country in 1947 was yet another curtain raiser as far as irrigation chapter 
in Indian economic development is concerned. Irrigation profile of Indian Union had 
changed. A major portion of the irrigation potential created in undivided India during the 
pre-independence period went to Pakistan. At the time of the partition in 1947, the net sown 
area in the country, including the princely states, was 116.8 Mha. Of this 28.2 Mha or 24 per 
cent was irrigated. On partition, 18.3 Mha of net sown area, of which 8.8 Mha or nearly half 
was irrigated land, went to Pakistan. Of the balance left with India, only 19.4 Mha or about 
one-fifth was irrigated. While India was left with 80 per cent of the pro-partition population, 
it got only 69 per cent of the total irrigated area. This had naturally led to exploring the 
possibilities of constructing irrigation works in the regions endowed with less natural 
resources, which in normal course tend to affect benefit-cost ratios. 

3.4 Development of Irrigation under the Plans 

In the First Five Year Plan (1951‐56), the country launched a major irrigation programme. A 
number of Multipurpose and Major Projects were taken up, such as Bhakra Nangal, 
Nagarjunasagar, Kosi, Chambal, Hirakud, Kakrapar and Tungabhadra. Simultaneously, 
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minor irrigation schemes including ground water were given emphasis under the 
Agricultural Sector, along with financial assistance from the Centre. During the periods of 
Second Five year Plan (1956‐61), third Five year Plan (1961‐66) and the Three Annual Plans 
(1966‐69), irrigation programmes were being implemented with new starts. During the 
Fourth Five Year Plan (1969‐74), the emphasis was shifted to the completion of ongoing 
projects, integrated use of surface and ground water, adoption of efficient management 
techniques and modernization of existing schemes. The new starts, however, continued. 
During the fifth Plan (1974‐78), Command Area Development Programme was launched as a 
Centrally Sponsored Scheme with the objective of reducing the lag between potential created 
and optimum utilization of available land and water. The programme was conceived as a 
means of co‐ordinating all related activities to meet with these objective under one umbrella. 
Initially, 60 Major and Medium projects were covered with a CCA of 15 Mha. 

During the Annual Plans of 1978‐80 and the Sixth five Year Plan (1980‐85), ‗new starts‘ 
continued and at the end of Seventh Plan, there were as many as 182 major and 312 medium 
ongoing projects requiring an estimated amount of Rs. 39,044 crore at the 1990‐91 price level 
for their completion. ‗New starts‘ were, therefore, restricted considerably and greater 
emphasis was laid on completion of projects, which were in the advance stages of completion 
(those with an expenditure of 75 percent or more). This was continued during 1990‐91 & 
1991‐92 Annual Plans, VIII Plan (1992‐97) and IX Plan (1997‐2002). 

For speedy completion of ongoing projects in advance stage of construction Accelerated 
Irrigation Benefit Programme (AIBP) was launched in 1996‐1997. During VIII Plan period 
irrigation potential of 2.22 mha was created under major and medium sector at an annual 
rate of 0.44 mha per annum. During IX Plan period this increased to 4.12 mha out of which 
1.65 mha (nearly 40%) was through AIBP. Renovation, Modernization and Rehabilitation of 
old irrigation schemes gained momentum. User‘s participation in major and medium 
irrigation schemes received greater attention. Repairs and improvement to the minor 
irrigation projects, as a part of integrated micro‐development, also received encouragement. 
Similarly, sprinkler and drip irrigation programmes and the conjunctive use of surface and 
ground water gained momentum. 

 3.5 Development and Utilization of Irrigation Potential 

As per the reassessment of the Committee constituted by MoWR in May 1997, the currently 
accepted figures of Ultimate Irrigation Potential (UIP) under the major and medium projects 
sector is 58.47 MHa and Potential Created (PC) and utilized up to X Plan are 41.64 Mha and 
33.74 respectively. The assessment of Ultimate Irrigation Potential needs to be periodically 
reviewed to account for revision in scope, technological advancement, inter basin transfer of 
water, induced recharging of ground water, etc. The created irrigation potential in respect of 
major and medium projects increased from 9.72 mha in preplan period to 46.24 mha 
(tentative) including 4.60 MHa anticipated to be created in XI plan. In the corresponding 
period the potential utilization has been from 9.70 mha period during pre plan period to 
35.10 mha (including 1.36 Mha anticipated during XI plan). The pattern of irrigation potential 
creation and its corresponding utilization during the plan periods is shown in table 3.2. 
Basin-wise Live Storage Capacities under Major & Medium Irrigation Projects in India are in 
table 3.3 
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Table 3.2    Plan-wise Achievements of Irrigation Potential Created/Utilised (Cumulative) 
under Major & Medium Irrigation Projects (‘000 ha) 
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5.5 

154
5.5 

154
9.3 

154
9.3 

156
1.1 

155
6.9 

10
4.
1 

9
9.
7 

2
5 

Tripu
ra 

100 - - 2 2 2 2.0 2.3 2.3 4.9 4.5 
18.

7 
13.

5 
18
.7 

7
2.
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0 

2
6 

Uttar 
Prade
sh 

1215
4 

62
23 

55
23 

66
67 

57
05 

6806 
57
63 

705
9.0 

612
6.0 

791
0.1 

633
4.0 

878
1.4 

692
6.0 

72
.3 

7
8.
9 

2
7 

Uttar
akhan
d 

346 Included in  U.P. 
280

.3 
185

.4 
289

.7 
191

.5 
83
.7 

6
6.
1 

2
8 

West 
Benga
l 

2300 
11
85 

10
69 

12
44 

11
32 

13
53 

1258 
144
4.1 

133
2.5 

168
3.3 

152
7.1 

176
9.8 

158
3.4 

76
.9 

8
9.
5 

Total 
States 

5836
7 

27
69
5 

23
57
4 

29
91
2 

25
46
7 

30
72
6 

2630
8 

329
38.

6 

284
31.

4 

369
74.

9 

309
68.

2 

422
70.

6 

343
77.

7 

72
.4 

8
1.
3 

Total UTs 98 - - 
8.
0 

0.
0 

15 7 
18.

5 
9.3 6.5 3.9 6.5 3.9 

6.
6 

6
0.
5 

All-India 
Total 

5846
5 

27
69
5 

23
57
4 

29
92
0 

25
46
7 

30
74
1 

2631
5 

 32
957
.1 

278
93.

2 

369
81.

4 

309
72.

1 

422
77.

1 

343
81.

7 

72
.3 

8
1.
3 

  

Source: Table 27 
in http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.p

df 

 

 

 

 

 

 

http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
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Table 3.3   Basin-wise Live Storage Capacities under Major & Medium Irrigation Projects 
in India 

  
S. 
No. 

 
Basin 

  
Average 
Annual 
Flow 

                          Live Storage Capacities Percentage 
of 
Likely 
Average 
Annual Flow 
(6+7)/3)*100 

Completed 
Project 

Project 
Under 
Constru- 
-ction 

Total 

Project 
Under 
Conside- 
-ration 

1  2  3  4  5  6  7  8 

1  Indus 73305.00  16285.90  282.53 16568.43  2576.39  26.12 

2  A) Ganga 525023.00  42060.20 18600.18 60660.38 30083.92  17.28 

  
B) Brahmaputra 
& Barak 

585597.00 2326.92  9353.64 11680.56 41262.88  9.04 

3  Godavari 110540.00  25124.60  6205.79 31330.39  5841.16  33.63 

4  Krishna 78124.00  41803.98  7743.54 49547.52  1127.84  64.87 

5  Cauvery 21358.00  8597.20  269.82  8867.02  261.99  42.74 

6  Pennar  6316.00  2649.40  2170.71  4820.11   76.32 

7 

EFR from 
Mahanadi to 
Godavari and 
Krishna to 
Pennar 

22520.00 1601.44 1424.97 3026.41 945.29 17.64 

8 
EFR B/W Pennar 
and 
Kanyakumari 

16458.00 1838.41  68.49 1906.90 - - 

9  Mahanadi 66879.00  12334.80  1873.00 14207.80 10094.20 36.34 

10 
 Brahmani & 
Baitarni 

28477.00  4648.09  875.60  5523.69  8721.19  50.02 

11 Subernarekha 12368.00  672.02  1650.19  2322.21 1380.50  29.94 

12  Sabarmati  3809.00  1306.77  60.77  1367.54 99.33  38.51 

13  Mahi 11020.00  4722.60  261.43  4984.03  11.81  45.33 

14 
WFR of Kutch 
Saurashtra 
Including Luni 

 15098.00 
  
 4726.92 

  
797.23 

  
5524.15 

  
2849.06 

  
55.46 
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15  Narmada 45639.00  16979.50  6625.10 23604.60  465.73  52.74 

16  Tapi 14879.00  9408.37  847.42 10255.79  286.92  70.86 

17 
 WFR from Tapi 
to Tadri 

 87411.00  11268.03 3464.38 14732.41  81.69  16.95 

18 
WFR from Tadri 
to Kanyakumari 

 113532.00  10236.16  1317.54 11553.70 1453.31  11.46 

19 
 Area of Inland 
Drainage of 
Rajasthan 

  
- 

  
- 

  
- 

  
0.00 

  
- 

  
- 

20 

Minor River 
Basins Draining 
into Myanmar 
and Bengladesh 

  
31000.00 

  
312.00 

  
  
312.00 

  
1.47 

  
 1.01 

Grand Total in BCM 1869.35  218.90  63.89  282.80  107.54  20.88 

  

Source: Table 7 
in http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.p

df 

    Table3.4   Live Storage Capacities under Major & Medium Irrigation Projects by State 

Sl. 
No. 

Name of State 

            LIVE STORAGE CAPACITIES UNDER Percente 
Distribution of Live 
Storage Capacity (Col.5 
/Total of Col.5 *100) 

Completed 
Projects 

Ongoing 
Projects 

Total 
  

Consideration 
Projects 

1  2  3  4  5  6  7 

1  Andhra Pradesh  27305.13  6148.33  33453.46  1611.28  11.83 

2  Assam  12.46  -  12.46  725.49  0.00 

3 
 Arunachal 
Pradesh 

 -  241.06  241.06  37934.03  0.09 

4  Bihar  1842.22  675.30  2517.52 5822.22  0.89 

5  Chattisgarh.  6217.24  787.55  7004.79  519.30  2.48 

6  Goa  44.30  227.16  271.46  -  0.10 

7  Gujarat  16137.80  7406.84  23544.64  3446.02  8.33 

8  Haryana  -  -  -  258.00  0.00 

http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
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9  Himachal Pradesh 13917.15  188.73  14105.88  985.80  4.99 

10. 
 Jammu And 
Kashmir 

 -  93.80  93.80  1831.59 0.03 

11  Jharkhand  2472.07  6877.64  9349.71  475.53 3.31 

12  Karnataka  33631.21  1413.15  35044.36  66.23 12.39 

13  Kerala  5384.27  1336.22  6720.49  1686.07  2.38 

14  Madhya Pradesh  26906.28 7026.46  33932.74  7335.04 12.00 

15  Maharashtra  25523.01  13242.89  38765.90  763.23 13.71 

16  Manipur  396.50  8449.58  8846.08  -  3.13 

17  Meghalaya  697.96  -  697.96  516.26  0.25 

18  Mizoram  -  663.00  663.00  1561.00  0.23 

19  Nagaland  1220.00  -  1220.00  526.10  0.43 

20  Orissa  17224.61  1997.66  19222.27 21099.70  6.80 

21  Punjab  2368.75  -  2368.75  -  0.84 

22  Rajasthan  8284.85  1425.95  9710.80  1807.02  3.43 

23  Sikkim  -  -  -  1.47 0.00 

24  Tamilnadu  6500.47  68.49  6568.96  13.24 2.32 

25  Tripura 312.00  -  312.00  - 0.11 

26  Uttarakhand  5671.08  2726.52  8397.60  153.63  2.97 

27  Uttar Pradesh  15345.01  2711.59  18056.60  18406.45  6.39 

28  West Bengal  1475.15  184.44  1659.59  -  0.59 

29 
 Andaman & 
Nicobar Islands 

- - - - - 

30  Chandigarh - - - - - 

31 
 Dadra & Nagar 
Haveli Daman & 
Diu 

- - - - - 

32  Delhi - - - - - 
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33  Lakshadweep - - - - - 

34  Puducherry  13.79 -  13.79 -  0.00 

                   Total in MCM  218903.31  63892.36  282795.67  107544.70  100.00 

                           in BCM  218.90  63.90  282.80  107.54   

Source: Table 8 
in http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.p

df 

Table 3.5  Water Use Efficiency of Completed Major/Medium Irrigation Projects based on 
Field Measurements of Losses 

S.No. Name of Project 
Culturable 
Command Area 
(Hectare) 

Conveyance 
Efficiency(%) 

On Farm 
Application 
Efficiency (%) 

Overall Project 
Water Use 
Efficiency (%) 

(1)              (2) (3) (4) (5) (6) 

1.  Bhairavanithippa Project  4856 86 67 58 

2. 
 Gajuladinne 
(SanjeevaiahSagar 
Project) 

10300 57 45 26 

3. Gandipalem Project 6478 73 38 28 

4. 
Godavari Delta 
System(Sir Arthur 
CottonBarrage) 

410108 83 54 45 

5. 
 Kurnool –Cuddapah 
CanalSystem 

65465 62 45 28 

6.  Kaddam Project  27519  51  36 18 

7.  Koil Sagar Project  11700 83 75 62 

8. 
 Krishna Delta 
System(Prakasam 
Barrage) 

529000 87 46 40 

9.  Nagarjuna Sagar Project  889000 56 39 22 

10.  Narayanapuram Project  15855  47 32  15 

11.  Nizamsagar Project  93659 87  45 39 

12.  Srisailam Project  59900 50 34 17 

http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
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13. 
 Rajolibanda 
DiversionScheme 

35 410 82 51 42 

14.  Somasila Project  54650 56 32 18 

15.  Sri Ram Sagar Project  371054 78 57 45 

16. 
 Tungabhadra High 
LevelCanal 

45800 81 58 47 

17. 
Tungabhadra Low 
LevelCanal 

61163 72  45 32 

18.  Vamsadhara Project  82087  91 58 53 

19.  Yeleru Project  27240 50 28 14 

20. 
 Augmentation 
CanalProject 

85443 79 72 57 

21.  Dholabaha Dam Project 2600 74 71 53 

22.  Ranjit Sagar Dam Project 300000 51 65 33 

23. 
 Ahraura Dam 
IrrigationProject 

14964 70 70 49 

24.  Matatila Dam Project  179880 68 80 54 

25. 
 Naugarh Dam 
IrrigationProject 

64221 71 70 50 

26.  Pili Dam Project  4044 58 65 38 

27.  Walmiki Sarovar Project 6271 62 62 38 

28. 
 East Baigul 
ReservoirProject 

16605 64 65 42 

Average   69 52 38 

Source: Table 2.10 in  
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LESSON 4. Review Of Minor Irrigation Projects Of India 

Introduction 

Minor Irrigation holds the key for an equitable, quick, and effective expansion in the 
agriculture sector leading to a sustainable growth in the rural economy particularly in 
undulating terrain of deccan peninsula. Development and maintenance of water bodies has 
been a historical legacy that Southern India inherited since ancient times. The southern part 
of India, under the Chola, Pandya, Pallava, Chera, Vakataka, Kakatiya, etc., dynasties, 
developed vast networks of tanks and canals, famed the world over, to irrigate crops and 
enhance agrarian production. The oldest and indigenous water-harvesting financially 
performing structures sustained by institutions, customs and practices built around them 
served and benefited, varied sections like farmer‘s, fisherman, cattle rearers and others for 
centuries.  The usage norms, access to water, water distribution between varied users, 
maintenance designs, options and costs became the concern of village / local community.  
Under the Colonial and Zamindari system as maintenance of water bodies got linked with 
the state and its apparatus the maintenance of the systems were negatively affected resulting 
in the poor efficiency of the systems and inequity in the access and sharing of the resource. 
The availability of cheap electricity and shift towards well irrigation further shrank the area 
under tank irrigation all over the country since the 60‘s. 

4.1 Minor Irrigation Potential 

India‘s total available and usable water resources are estimated at 1,122 billion cubic meter 
(bcm), of which 690 bcm are from surface water and 432 bcm from groundwater. Against the 
available usable resources, 629 bcm are currently utilized for various purposes. Irrigation 
sector‘s share of 524 bcm, alone accounts for more than 80% of the usable water resources 
and this requirement would only rise in coming years for increasing crop production to 
achieve food security. The incremental production would require concerted efforts towards 
improving cropping intensity, enhancing the crop yield per hectare in irrigated area and 
creating new potential in rain-fed areas. 

The ultimate irrigation potential (UIP) comprising of major, medium and minor irrigation 
sectors is estimated at 139.95 mha, of which minor irrigation potential at 81.43 mha (17.38 
mha surface water, and 64.05 mha ground water) accounts for 58.2% of the total available 
irrigation potential. By the end of XI FYP, it is estimated that minor irrigation potential of 
64.92 mha (15.31 mha surface water and 49.61 mha groundwater) would be cumulatively 
created. The share of groundwater accounts about 45% of the total irrigation potential 
developed so far in the country. Thus minor irrigation, in general and groundwater in 
particular, has been playing a very important role in creation of overall irrigation potential in 
the country and the term Minor Irrigation is misleading. 

All surface and ground water schemes with cultivable command area up to 2,000 ha are 
classified as Minor Irrigation schemes. These include inter alia, kuhals, tanks with surplus 
weirs, canals and sluices, diversion weirs (anicuts), lift irrigation schemes and sub-surface 
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water schemes viz. dug wells, tube-wells, farm ponds, check dams, khadins, snow harvesting 
structures, etc. In many States/ regions minor irrigation schemes serve more than 60% of 
total irrigated agriculture. The Minor Irrigation sector is spread over the entire country 
particularly in its rural environment. It provides inclusiveness. 

4.2 Minor Irrigation Administration 

In general, Minor Irrigation is a part of the Water Resources Department in the states and 
Union Territories, although in some of the States, separate minor irrigation department has 
been established. However, in smaller States, particularly in the North East, minor irrigation 
sector is attached with the Public Works Department/Agricultural department or other 
department. Depending upon the size of the budget and administrative convenience of the 
State, the structure of minor irrigation department and its functions are different from State 
to State. In most of the States where minor irrigation is part of the Water Resources 
organization, it is headed by a Chief Engineer for the entire State. 

Minor Irrigation schemes, in general, are formulated, planned, investigated and implemented 
by the farmers, NGOs, Panchayats, State Governments and Union Territories. Minor 
irrigation schemes have very short gestation period, produce quick outcomes and should be 
accorded priority in investment decisions. The Government of India provides financial 
support which is catalytic and promotional in nature. As per the present guidelines, States do 
not require clearance of Government India for Minor Irrigation projects. Significant 
development and funding take place in private sector, i.e. by farmers, industries and NGOs. 
This is particularly relevant to groundwater schemes, while surface water schemes are by 
and large public funded i.e. State and Central Government. 

Various Ministries at the Centre and different departments of State Governments function in 
different ways for development of this Sector. Besides Ministry of Water Resources, minor 
irrigation projects are also financed by the Ministries of Agriculture, Rural Development and 
Tribal Welfare and also by the Planning Commission through various programmes. The 
broad objectives of such programmes related to minor irrigation are development of small 
sources of water storage and distribution for agriculture. A few States such as Bihar, Uttar 
Pradesh, Andhra Pradesh, Karnataka and West Bengal are also implementing schemes of 
development of groundwater for irrigation with a component of subsidy / loan available to 
farmers. Similarly, NABARD and State Cooperative Agriculture and Rural Development 
Banks (SCARDBs) have been playing an important role in credit disbursement for minor 
irrigation development in the country. 

To achieve food security in coming years, it is important not only to create additional 
irrigation potential but also to bridge gap between potential created and utilized. There is 
need to give emphasis to sustainable groundwater irrigation development, adopting water 
conservation practices, using efficient technologies, reviving dysfunctional groundwater 
schemes, conjunctive use of surface water and ground water, artificial recharge of ground 
water, reviving traditional water conservation structures, rain water harvesting, bringing in 
surface minor scheme as part of major irrigation schemes for regular availability of water and 
treatment of the watersheds to minimise rainwater run-off in various parts of the country. 
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4.3 Minor Irrigation Development Scenario 

The 1st Plan started in 1951 with an irrigation potential of only 22.60 mha of which 
contribution of Minor Irrigation was 12.90 mha i.e. 57% (surface water 6.40 mha and 
Groundwater 6.50 mha). From then onwards over successive plan periods, irrigation 
potential increased steadily in surface water schemes. 

If VI Plan is taken as the mid-level to assess the complete plan-wise development for the six 
decades till the end of XI Plan, it is observed that, at the start of VI Plan(in 1980), irrigation 
potential created in surface water (MI) was 8.00 mha and groundwater 22.00 mha 
respectively. There was reportedly no potential gap between creation and utilization till that 
period. 

The total potential created at (30 mha) in 1980 points that the growth was modest, more so, 
for surface water schemes. The momentum picked up in irrigation potential created after 
1980 was particularly by groundwater schemes which were popularly adopted due to rural 
electrification and green revolution technologies. The growth is apparently plateauing in 
VIII, IX and X Plan performances. For the minor irrigation scenario as a whole, the potential 
created by the end of X Plan is 60.10 mha and the potential utilized at 52.42 mha only. 
However, with access to new technologies in drilling, pump sets and irrigation systems, 
noticeable acceleration in irrigation potential created was observed in groundwater sector. 
Irrigation potential created and utilised in groundwater sector played a vital role giving a 
boost to the food production and socio-economic status of farmers in various parts of the 
country. 

On the financial front, unit cost of irrigation potential created in minor irrigation sector 
especially in groundwater remain low compared to major, medium & minor surface 
irrigation projects. The expenditure incurred in minor irrigation sector during 1st Plan was 
Rs 65.6 crore, about 14.84% of the total plan outlay of Rs 441.8 crore in irrigation sector. The 
Plan investment steadily increased up to Rs 8,634.99 crore during IX Plan and further onto Rs 
14,140.70 crore during X Plan. Salient details of the growth in surface and groundwater 
potential and investments made over different Plan periods till XI Plan are given in Table 4.1. 

Table 4.1: Minor Irrigation development during Plan Periods (Physical & Financial) 

Five Year Plans 
Potential Created 
mha 

Potential Utilized 
mha 

Investment Rs 
crore 

  SW GW Total SW GW Total   

1951 6.4 6.5 12.9 6.4 6.5 12.9   

I Plan 0.03 1.13 1.16 0.03 1.13 1.16 65.62 

II Plan 0.02 0.67 0.69 0.02 0.67 0.69 142.23 

III Plan 0.03 2.22 2.25 0.03 2.22 2.25 327.73 

Annual Plans (1966- 0.02 1.98 2 0.02 1.98 2 326.19   
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69) 

IV Plan 0.5 4 4.5 0.5 4 4.5 512.28 

V Plan 0.5 3.3 3.8 0.5 3.3 3.8 630.83 

Annual Plans 1979-80 0.5 2.2 2.7 0.5 2.2 2.7 501.5 

VI Plan 1.7 5.82 7.52 1.01 4.24 5.25 1979.26 

VII Plan 1.29 7.8 9.09 0.96 6.91 7.87 3118.35 

Annual Plans1990-92 0.47 3.27 3.74 0.32 3.1 3.42 1680.48 

VIII Plan 1.05 1.91 2.96 0.78 1.45 2.23 6408.36 

IX Plan 1.09 2.5 3.59 0.37 0.85 1.22 8615.07 

X Plan 1.152 2.048 3.2 0.875 1.555 2.43 14140.70 

Total till end of X Plan 
14.752 
(24.6%) 

45.348 
(75.4%) 

60.10 
(100%) 

12.315 
(23.5%) 

40.105 
(76.5%) 

52.42 
(100%) 

  

                

Source: Table 4.2.1 in XII plan working group report on ―Minor Irrigation and Watershed 
Management‖ by The Planning Commission 

Though Plan investments increased steadily in water sector in Major, Medium and Minor 
surface Irrigation in successive plans, however focus on investments by the central & state 
governments in groundwater irrigation sector remain meager ( up to the extent of giving 
subsidy / loans) leaving largely responsibility of the private sector. It is pertinent to state that 
majority of investments made in groundwater sector in irrigation was by the farmers 
themselves and was not suitably projected as part of investments in irrigation sector. A major 
credit of achieving self reliance in food production of the country goes to farmers‘ 
investments in groundwater sector. 

4.3.1 Surface Water Development 

Surface water development has been entirely controlled by the government sector in contrast 
to private sector domination in groundwater development. Minor irrigation tanks which 
were managed by village communities come under the control of the government. Though 
Central and State Government implemented several new schemes to augment the irrigation 
development through major and medium irrigation projects in the country, financial 
assistance to surface minor schemes has been rather limited considering that there was 
negligible private sector involvement and the preference of the governments was towards 
mega schemes in past. 

The growth in surface water (minor) irrigation potential has been modest as seen from Table 
4.1 above. The criterion of minor irrigation schemes as having estimated cost less than Rs 25 
lakh was changed to culturable command area basis in 1978. Thereby, some of the earlier 
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conceived medium irrigation schemes consisting of large dams and canal networks came 
under the scope of minor irrigation which gave an artificial boost to Plan-wise irrigation 
development for surface water MI potential during the VI Plan. By the end of the Tenth Plan 
an irrigation potential of 14.752 mha has been created and 12.315 (83.5%) mha has been 
utilized as against ultimate irrigation potential of 17.372 mha. While the all India figures may 
appear closer to ultimate, there is still a lot of potential left with eastern and Northeastern 
states with sizable scope from Madhya Pradesh and Karnataka state also. However, 
estimation of ultimate irrigation potential requires detailed scrutiny and larger concern is the 
declining trend in actual utilization. As per III MI Census of 2001 which roughly translates to 
the end of IX Plan, there are about 12.48 lakh MI schemes in the country belonging to various 
categories namely tanks and other storages, lift irrigation schemes and 
permanent/temporary diversions, of which about 9.84 lakh are in use. The ultimate irrigation 
potential of 12.48 lakh schemes is about 17.34 mha. For schemes in use, against a potential 
created of 10.028 mha, about 6.77 mha is actually being utilized. Correct and reliable statistics 
on irrigated areas is necessary to facilitate planning of surface water (MI) potential 
development. 

4.3.2 Groundwater Development 

India is the largest groundwater user in the world, with an estimated usage of around 230 
cubic kilometres per year, more than a quarter of the global total. Groundwater has an 
important role in meeting water demands. Erratic precipitation and near utilization of surface 
water resources, new drilling and pumping technologies, etc. were a few of the reasons for 
shifting the focus of stakeholders towards groundwater resources. 

A summary of irrigation statistics during different plan periods shows that major share of 
minor irrigation comes from groundwater sources and about 45.348 mha of all irrigation 
(102.77 mha) was through groundwater till the end of X Plan period. In general, creation of 
irrigation potential through groundwater is mainly by farmers with their own resources or 
credit and the government investment is not very large. The area benefitted from a single 
scheme of surface water is large compared to that of groundwater as each structure in 
groundwater irrigation is considered as a scheme and the area benefitted is comparatively 
less. However, as per 2001 MI Census, Groundwater schemes (Tube well/Bore well/Dug 
well) had utilized 87% of the total irrigation potential created by MI Schemes. 

There has been a phenomenal increase in growth of groundwater abstraction structures. The 
number of dug wells, in past five decades increased from 3.8 million to 9.6 million, shallow 
tube wells from 3,000 to 8.36 million and deep tube wells from negligible to 5.3 lakh. 
Electrical pump sets have increased from negligible to 14.8 million and diesel pumps from 
66,000 to 6.34 million. Data available from the census of minor irrigation structures indicates 
a three-fold increase in the number of ground water abstraction structures from about 6 
million during 1982-83 to about 18.5 million during 2001-02. The growth has been more 
pronounced in shallow and deep tube wells (17 to 18 times) when compared to dug wells 
(about 2 times). This shift is probably the combined result of deepening ground water levels 
and advances in drilling and pumping technology. The ground water draft for the country as 
a whole has been estimated for 2004 as 231 bcm, about 92 percent of which is utilized for 
irrigation and the remaining 8 percent for domestic uses. Hence, the stage of ground water 
development, computed as the ratio of annual ground water draft to net annual ground 
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water availability is about 58 percent for the country as a whole. The ultimate irrigation 
potential that can be created from replenishable groundwater has been assessed as 64.05 
mha. Over the past five decades, rapid expansion in the use of ground water, primarily for 
irrigation, has contributed significantly to agricultural and economic development of India. 
The progress in groundwater schemes picked up momentum during the III Plan period 
(1961- 66) and continued till 1992. The VII Plan (1985-1990) witnessed an unprecedented 
achievement of 7.80 mha of groundwater potential. Ultimately, the cumulative groundwater 
potential rose to 38.89 mha in 1992. During the VIII, IX & X Plans however, there was a 
perceptible drop as progress slackened to 1.91 mha, 2.50 mha and 2.81 mha respectively for 
the three Plan periods. The potential of ground water created till X Plan(up to 2007) was 
45.348 mha and utilization was 40.105 mha (89%). 

Ground water development is not uniform across the country. It is very high in alluvial areas 
of Indo-Gangetic plains of Punjab (170 %) and Haryana (127 %) and as low as 22% and less in 
many States including Bihar, West Bengal, Orissa, North Eastern States, etc. The ground 
water development in hard rock terrains of Tamil Nadu, Andhra Pradesh and Karnataka 
states is also very high. 

Stage of ground water development in Rajasthan, which covers part of Thar Desert, is 135 %. 
Though over-development of resources in some parts of the country has created serious 
problems, a large portion of GW resources are still untapped, in eastern and north eastern 
parts of the country mainly in the states of Assam, Bihar and West Bengal. The block-wise 
status of groundwater development in the country is as follows: 

• Out of 5,845 assessment units (blocks/ mandals / talukas / watersheds), 803 (13.7%) are 
categorized as ―overexploited‖ where the stage of groundwater development exceeds the 
annual replenishment and significant decline in long-term ground water level trend has been 
observed in either pre-monsoon or post-monsoon or both; 

• In addition, 169 (2.9%) blocks/watersheds are ―critical‖ where ground water development 
has reached a high stage of development (> 90% and up to 100%) and significant decline is 
observed in the long term water level trend in both pre-monsoon and post-monsoon periods; 

• There are 522 (8.9%) semi-critical units, with the stage of ground water development 
between 70% and 100 % and significant decline in long term water level trend has been 
recorded in either pre-monsoon or post-monsoon. 

• Of the remaining, 4,280 (73%) units are under safe category and 71 (1.2%) units are saline. 

The overdraft has resulted in failure of wells, shortage of water supplies, deepening of 
existing structures thereby increasing pumping lift, replacing centrifugal pumps with 
submersible ones, increasing pumping cost and energy usage. In many areas overdraft is also 
associated with the water quality deterioration due to upcoming of saline water from the 
lower aquifer. Inadequately planned utilization of arsenic loaded ground water in West 
Bengal has led to serious health problems in human being, livestock etc. 

Though groundwater plays an important role in meeting water demands, Government 
investment in groundwater development and management is minimal compared to surface 
water. Studies have shown that unit cost of water for irrigation through groundwater is more 
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than Rs1 per cubic meter, which is borne by the individuals on their own. At the same time, 
the water charges levied by the Project Authorities for surface water irrigation works out to 
less than Rs 0.5 per cubic meter and cost of construction of surface storage/conveyance 
system and operation and maintenance are borne by the Government. A major share of 
expenditure in groundwater irrigation is private and not properly reflected in groundwater 
schemes/ programmes. 

About 97% of the groundwater schemes are owned by private enterprises. While 
management of schemes by private individuals is more efficient and has contributed to 
hugely to food production, unguided and unregulated private investment in groundwater 
development, aided by free to subsidized electricity, has left its imprints by way of sharp 
decline in groundwater levels, drying of many shallow tube wells and overexploitation of 
groundwater resource. The present scenario, ranging from overexploited stage of resource 
development in the States of Punjab, Haryana, Gujarat, Rajasthan, Western Uttar Pradesh 
and Andhra Pradesh to low stage in Bihar, Eastern Uttar Pradesh, Jharkhand and West 
Bengal is the result of unregulated and unguided investments by farmers. Central and State 
Groundwater Departments are basically involved in research kind and not in groundwater 
irrigation sector for planning and implementation of schemes in most of the States. Also, 
there are several States with no dedicated groundwater department to take the role of proper 
planning, guidance to stakeholders, assessment and keeping a watch on the stage of 
groundwater use. 

4.4 XI Plan Performance Overview 

The National Commission for Integrated Water Resources Department (NCIWRD) has 
adopted figures of 1,581 million and 1,346 million as the high and low projection of 
population by the year 2050 where it is assumed will get stabilized. In their estimate urban 
population in the year 2050 is likely between 646 million and 971 million. The total food 
requirement for the country has been estimated as 449 million tons (high demand scenario) 
and 382 million tons (low demand scenario). Food requirement, losses in storage and 
transportation, seed requirement and carry over for years of monsoon failure have been 
estimated at 12.5% of food grain production. Thus food grain production is required to 
double to about 420 million tons from the present level of about 210 million tons to meet the 
projected requirement. Thus, on an average, food grain production needs to be enhanced by 
around 5 million tons per year. Accordingly targeted growth of 25 million tons in food grain 
production is to be achieved in XI Plan. The X Plan Working Group had assessed that 
proportionate share of minor irrigation sector at 60% would be 15 Million tons which would 
require creation of additional irrigation potential of 7 mha. This potential was distributed at 
4.5 mha for groundwater schemes and 2.5 mha for surface water schemes and targets were 
set for XI Plan accordingly. The target of 2.5 mha for surface schemes was further distributed 
at 1.5 mha for new schemes and 1.0 mha for renovation of tanks. 

The following issues in Minor Irrigation Sector are addressed in XI plan: 

i) Renovation/Restoration of old tanks as well as old diversion, channels in hilly regions 
along with improving efficiency of the projects. Besides surface lift schemes may also be 
given due consideration, particularly, in hilly regions for irrigating high terraces. 
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ii) Expansion of irrigation facilities through a time bound programme for exploiting the huge 
ground water potential in the Eastern Region. 

iii) Promotion of Micro Irrigation System in water deficit areas. 

iv) Promotion of Ground Water Development in areas having untapped/ unutilized 
potential. 

v) MGNAREGA and watershed development may be linked with Minor Irrigation/Ground 
Water Development. 

vi) A comprehensive Act for regulation of ground water development on sustainable basis. 

4.4.1 Overview of XI Plan Progress/Performance 

Against the target of 7 mha recommended by the Working Group of XI Plan, 7.188 mha was 
approved by the Planning Commission for Minor Irrigation Sector. The outlay proposed by 
the working group for minor irrigation sector for XI Plan was not approved by the Planning 
Commission. The year-wise outlay for the first four years of XI Plan kept by Planning 
Commission is given in Table 4.2, works out to be Rs 38,478.757 crore for XI Plan. Table 4.2 
gives the details of physical and financial performance of Minor Irrigation Sector during XI 
Plan. Actual expenditure from 2009-10 onwards is not available so the same has been taken 
as equal to the revised outlay. 

Table 4.2: Physical & Financial Performance of MI Sector during 11th Plan 

Year 
Physical (in mha) Financial (in Rs Crore) 

Potential Created Potential Utilized Revised outlay Expenditure 

2007-08 0.89 0.438 5451.45 4449.89 

2008-09 0.9 0.3668 6906.78 5770.82 

2009-10 0.9 0.212 7539.41 7539.41 

2010-11 0.91# 0.194# 8642.38 8642.38 

2011-12 0.91* 0.194* 9938.737 9938.737 

Total 4.5 1.4048 38478.76 36341.24 

# anticipated; * targeted 

Source: Table 4.3.1 in XII plan working group report on ―Minor Irrigation and Watershed 
Management‖ by The Planning Commission 

The achievement in potential created for the first three years in XI Plan was 2.69 mha. In the 
Mid Term Appraisal of XI Plan, the revised target of 4.5 mha has been kept and it is 
anticipated that the target 4.5 mha will be achieved by the end of XI Plan. 
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Table 4.3  Statewise Achievements of Irrigation Potential Created and Utilised 
(Cumulative) under Minor Irrigation Schemes (Surface + Ground) 
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LESSON 5. Overview of Centrally Assisted MI Schemes 

Introduction 

The minor irrigation schemes of GOI are presented in the following sub headings, as seen 
from 12th plan working group report and other GOI reports. 

5.1 Accelerated Irrigation Benefit Programme (AIBP) 

The Accelerated Irrigation Benefitted Programme (AIBP) was taken up with a view to 
provide Central assistance to encourage the completion of ongoing projects and to help States 
in creation of irrigation potential. In case of minor irrigation schemes, the central assistance is 
provided to the projects in the States of North-Eastern Region, hilly States namely, Himachal 
Pradesh, Jammu & Kashmir, Uttarakhand, undivided Koraput, Bolangir and Kalahandi 
(KBK) districts of Orissa and projects benefitting tribal areas and drought prone areas. 
Central assistance is provided as grant which is 90% of the project cost. 

AIBP funding is on the basis of proposal made by the State Governments. During XI Plan , a 
total of 6,488 MI schemes at an estimated cost of Rs 9,798.80 crore have been taken till March 
2011, of which 3,670 (57%) have been completed, creating an additional potential of 5.976 
lakh Ha against the target of 7.5 lakh ha from surface (MI) schemes under AIBP of during XI 
Plan. 

Based on the average yearly progress during the first four years of the Plan, the target for 
surface MI schemes under AIBP during 2011-12 has been kept as 1.5 lakh ha. Thus there is no 
shortfall in creation of irrigation potential from surface MI schemes under AIBP. 

5.2 Repair, Renovation & Restoration of Water Bodies 

The Government of India approved two schemes on Repair, Renovation and Restoration of 
Water Bodies for implementation during XI Plan period with domestic support (an outlay of 
Rs 1,250 crore) and with external support (outlay of Rs 1,500 crore), respectively. 

Domestic support (Rs 1,250 crore): The Government of India provides assistance to the 
extent of 90% as grant with 10% as State share for special category States (North Eastern 
States), Uttarakhand, H. P., J&K and undivided KBK districts of Orissa, drought 
prone/Naxal affected/tribal areas, and in the ratio of 25:75 for other areas. The scheme was 
approved in February, 2009 and after finalization of guidelines, release of funds under the 
scheme began during 2009-10. Till the end of 2010-11, a sum of Rs 521 crore had been 
released. The fund requirement for 2011-12 is Rs 684 crore. 

External support (Rs 1,500 crore): The Government of India provides assistance to the extent 
of 25% and 75% State share is to be borrowed from the World Bank by concerned States. This 
scheme was also approved at the end of financial year 2008-09. Public Water Bodies are 
covered under the scheme. During 2009-10, a sum of Rs 190.31 crore was been released. 
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World Bank Loan Agreement has been signed with Tamil Nadu for Rs 2,182 crore to restore 
5,763 Water Bodies having a CCA of Rs 4 lakh ha, Andhra Pradesh for Rs 835 crore for 
restoration of 3,000 Water Bodies with a CCA of Rs 2.5 lakh ha, Karnataka for Rs 268.78 crore 
for restoration of 1224 Water Bodies with CCA of Rs 0.52 lakh and Orissa for Rs 448 crore for 
restoration of 900 Water Bodies having CCA of Rs 1.2 lakh ha. 

5.3 Bharat Nirman Programme 

The Irrigation component under this programme envisaged bringing 10 mha under assured 
irrigation during 2005-09, of which 4.8 mha was attributed to MI schemes, including 2.8 mha 
is under groundwater and 2.0 mha under surface MI schemes. It is further estimated that, out 
of 2 Mha proposed under surface water 1 Mha will be from new schemes and remaining 1 
Mha from ERM of completed schemes and renovation of traditional water bodies. This is 
envisaged to be achieved through already ongoing programmes of the Centre and the States. 
A potential of 2.934 Mha has been achieved from minor Irrigation under Bharat Nirman 
during 2005-09. 

5.4 Schemes of Central Ground Water Board (CGWB) 

In general, the schemes of CGWB are basically scientific in nature and are aimed at using of 
scientific principles for groundwater management and regulation. There are four schemes of 
CGWB during XI Plan, out of which three pertain to scientific studies, while the fourth 
scheme deals with infrastructure development of CGWB, which are as given below: 

i) Groundwater Management & Regulation 

ii) Rajiv Gandhi Institute 

iii) Hydrology Project 

iv) Infrastructure Development (Scheme of MOWR) 

a. GWB component of Acquisition of Land & Building 

b. CGWB component of IT Plan 

Under the scheme of Groundwater Management & Regulation, District groundwater 
management studies, groundwater exploration, groundwater monitoring, groundwater 
resources assessment, artificial recharge to ground water are taken in States. The Board has 
completed ground water management studies in 6.34 lakh sq km area up to 2010-11 and an 
area of 1.54 Lakh sq km would be covered in 2011-12; constructed 3,180 exploratory wells up 
to 2010-11 and 821 would be constructed during 2011-12; monitored about 15,640 ground 
water observation wells four times a year; and did chemical analysis of 71,446 water samples 
up to 2010-11. In addition, dynamic groundwater resource assessment of the country has 
been done in 2004 and 2009 in association with States. The CGWB is implementing 
demonstration projects on artificial recharge during XI plan in coordination with State 
agencies for capacity building and replication in similar hydro geological settings by the State 
agencies. 
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The Central Ground Water Authority has been entrusted with the responsibility of regulating 
and controlling ground water development and management in the country and issuing 
necessary directives for the purpose. CGWA notified 43 areas for regulation of ground water 
development till X Plan which has risen to 82 areas in XI Plan. 

The Rajiv Gandhi National Ground Water Training & Research Institute is responsible for 
organization of training programmes for officials of CGWB, Central and State government 
organizations, academic institutes etc. to  build capacity in the field of ground water and 
related aspects. About 30-35 training courses have been conducted every year by the 
Institute. 

The CGWB under Hydrology Project has set up Computer Data Centres at 26 offices and 
have upgraded 14 Water Quality Laboratories. This project has facilitated computerization of 
voluminous data collected over the years by CGWB and State Ground Water Organisations. 
Dedicated ground water processing and application software, named as Groundwater 
Estimation and Management System (GEMS) has been developed for hydro geological data 
entry, data validation, data processing including ground water resource estimation. 

Total outlay of schemes of CGWB was Rs 532.74 Crore against which the anticipated 
expenditure till the end of XI Plan period would be 437.53 Crore. 

5.5 Artificial Ground Water Recharge through Dug Wells in Hard Rock Areas in Seven 
States 

Pursuant to the announcement by Honourable Finance Minister in his Budget Speech 2007, a 
State sector scheme on ―Artificial Recharge to Ground Water through Dug Wells‖ during XI 
Plan is under implementation in 1,180 overexploited, critical and semi-critical blocks in 146 
districts in the seven States, namely A. P., Maharashtra, Karnataka, Rajasthan, T. N., Gujarat 
and M. P. at an estimated cost of Rs 1,798.71 crore, with a subsidy component of Rs 1,499.27 
crore. The number of irrigation dug wells proposed for recharge in the scheme is 4.45 million. 
Of which 2.72 million belong to small and marginal farmers and 1.73 million to other farmers. 
Average cost of recharge structure per well was Rs 4,000. The scheme ended on March 2010. 

5.6 Rainwater Harvesting Scheme 

Centrally sponsored rain water harvesting scheme was implemented all over India during 
2004 to 2007 for SC/ST farmers in providing irrigation facilities to their homesteads / 
farmlands in order to augment their income generating capacity. Implementation of the 
scheme started during 2004-05. The scheme ended by 31 March 2007. An amount of Rs 2,360 
lakh has been utilized as against Rs 2,450 lakh released by GOI to NABARD. About 18,016 
units of water harvesting structures have been constructed in 28 States and all union 
territories benefiting total area of 8,807.5 Ha. 

5.7 The Million Shallow Tube-well Programme (MSTP) of the Government of Bihar 

The Million Shallow Tube-well Programme (MSTP) was implemented in Bihar for bringing 
additional 20 lakh ha of farm land of the State under assured irrigation over a period of 5 
years (2002 to 2007). The programme envisaged construction of two types of irrigation 
structures viz., Cavity Boring (100 mm dia and 25 m depth) and Shallow Tube-well (100 mm 
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dia and 30m/45m depth depending upon suitability of the area) with 4.5 / 5 HP diesel pump 
set. At the end of March 2007, 4,07,758 units (58%) had been achieved against a target of 
6,97,111, with subsidy utilization of Rs 31,297 lakh (57.5%) against Rs 54,464 lakh released by 
GOI to NABARD. 

5.8 Bihar Ground Water Irrigation Scheme (BIGWIS) 

The BIGWIS which is under implementation aims at providing irrigation to 9.28 lakh hectare 
of agricultural land in Bihar by installing 4.64 lakh units of private shallow tubewells /dug 
wells with pump sets. The programme envisages constructing mainly two types of irrigation 
structures viz., shallow tube wells and dug wells (depth depending upon suitability of the 
area) with various capacity of pump sets as below: 

i) Shallow Tube wells (4"dia) up to a maximum depth of 70 m & Pump sets for plains. 

ii) Dug-wells of 3 m diameter and 12 m depth with Pump sets mainly for hilly areas. 

iii) Pump sets (BIS mark Electric / Diesel driven pump sets) 3 to 5 HP only 

(Kerosene oil driven pump sets not allowed). 

The programme is envisaged to cover all the districts and commences from the year 2009-
2010 and would be completed by 2011-12. The estimated subsidy for the programme is Rs 
105,588 lakh 

5.9 On-farm Water Management for Increasing Crop Production in Eastern States 

The Scheme was implemented in all Districts of Arunachal Pradesh, Assam, Bihar, 
Chattisgarh, Jharkhand, Manipur, Mizoram, Orissa States and 35 Districts of Eastern Uttar 
Pradesh and 9 Districts of West Bengal. 

The objective of the scheme to develop irrigation facilities by tapping the ground water 
resources of the Eastern States in a planned manner so as to achieve substantial increase in 
agricultural production, productivity and per capita income of farmers in the region. The 
eligible activities/components of the Scheme were (a) Shallow Tube-wells with pump sets, 
(b) Community lift irrigation points for groups/individuals, (c) Electric /non-electric water 
pumping sets and (d) Dug wells. 

The implementation started in 2002-03 and ended by 31 March 2006. An amount of Rs 
10,354.25 lakh has been utilized against Rs 11500 lakh released by GOI to NABARD. 

5.10 Minor Irrigation Schemes under Bundelkhand Package 

Under the Bundelkhand Package, funds have been provided to the State Governments of 
U.P. and M.P. for water resources development. The MI activities in 13 districts in the two 
States are as given below: 

5.10.1New Minor Irrigation Schemes: 93 schemes costing Rs 417 crore have been taken up in 
M. P. Work on 41 schemes has been completed and remaining 52 schemes are at different 
stages of completion. On completion an area of 30,462 ha will be irrigated. 
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5.10.2 Completion of On-going Minor Irrigation schemes: 52 On-going Minor Irrigation 
Schemes with an allocation of Rs 125 crore have been taken up in M. P. Of these 12 schemes 
have been completed and work is under progress on rest. An area of 18,397 ha will be 
irrigated on completion of work. 

5.10.3 Lift Irrigation Schemes: 33 Lift Irrigation Schemes have been taken up for 
reconstruction and maintenance in U. P. with an allocation of Rs 52 crore. The water is being 
lifted from the Yamuna River during the rainy/post rainy season for irrigating the kharif as 
well as rabi crops. Repair work on 6 lift irrigation schemes has been completed and work is 
under progress on remaining 27 schemes. 

5.10.4 Distribution of Pump Sets: In M. P., pumps for lifting ground water from dug wells 
are being provided under convergence to the SC/ST and OBC farmers. About 28,000 dug 
wells constructed under MNREGA and supplemented with water lifting devices to turn 
these wells into productive assets. 

5.10.4 Repair, Renovation and Restoration of Water bodies: 28 water bodies for minor 
irrigation are being repaired and restored in U. P. with an amount of Rs 46 crore. On 
completion, an area of 19,851 ha will be irrigated. 

5.10.5 Restoring capacities of canals, including repair and remodelling: out of the 39 
schemes, sanctioned for Rs 150 crore in UP, 8 Schemes have been completed. On completion 
of all the schemes, 31,834 ha will be brought under irrigation Being a drought prone area, 
repair, renovation/completion and construction of new Minor Irrigation schemes will help in 
irrigating crops, mitigating drought conditions and distress in the region. The Package is 
being implemented under the guidance and monitoring of National Rain-fed Area Authority, 
Planning Commission, New Delhi. 

5.11 Promotion of Micro Irrigation and Best Practices 

The Government of India launched a Centrally Sponsored Scheme on Micro Irrigation (MIS) 
in January 2006. Keeping in view the demand of the Micro Irrigation Technology, the scheme 
has been constituted during XI Plan period in a Mission Mode as ―National Mission on Micro 
Irrigation (NMMI)‖. Under this scheme, Central subsidy is provided @ 60% of the total cost 
of the system for small and marginal farmers and @ 50% for general farmers, including 10% 
of State share. Some of the States are providing more subsidy, ranging from 20- 50%, to lessen 
the burden on farmers. Since inception, there is achievement of 3 mha under Micro Irrigation. 
NMMI includes latest technologies like different types of valves, filters and fertigation 
component etc. so that there will be an increase in water use efficiency, productivity of crops 
and savings of use of fertilizers, water and electricity. 

The NMMI scheme is implemented in the entire country including North Eastern States and 
Himalayan States where the hilly terrain has much demand for MI system. During 2010-11 
NMMI achieved an area of 6 lakh Ha with its strong promotional activities in all the States. 
The farmers whether small, marginal or general are now aware of the benefit of the 
technology and even farmers having half a hectare land are applying this technology to get 
more production and more income. This MI system has increased the cropping intensity, 
productivity and income of the farmers. The cultivation of crops has the effect on crop 
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diversification from low value crop to high value crop through this technology. The NMMI 
has promoted cultivation of vegetables with close spacing of laterals and use of micro 
sprinkler and mini sprinkler in the field which is saves water and increases production 
within a short time so that the farmers get more income by using the same land by taking 
three crops per annum. 

5.11.1 Water Resources Strategy for 31 Distressed Districts 

Consequent to the large scale suicides committed by the farmers in 31 districts spread over 
the States of Andhra Pradesh, Maharashtra, Karnataka and Kerala due to failure of crops for 
various reasons, the Government of India identified these districts as distressed districts. To 
address the issue, Government of India has taken several steps including Prime Minister's 
Special Rehabilitation Package. Accordingly, Central subsidy of Rs 76.65 crore and State 
subsidy of Rs 19.16 crore has been released during 2005-06 under the National Micro 
Irrigation Projects in these districts. 

The Ministry of Rural Development is implementing Swaranjayanti Gram Swarozgar Yojana 
(SGSY) with the objective of providing open irrigation wells to the poor, small and marginal 
farmers free of cost under other Centrally sponsored schemes also like Rashtriya Sam Vikas 
Yojana (RSVY) which target social and regional imbalances in the country financial assistance 
is provided for minor irrigation schemes. 

5.11.2 Reasons for low performance 

In eastern and north eastern parts of the country, mainly in the states of Assam, Bihar, West 
Bengal and parts of U.P., the stage of ground water development is less than 47%. The major 
reason for low development in these states is poor economic status of small and marginal 
farmers, fragmented holdings and lack of rural electrification. Parts of Andhra Pradesh, 
Chhattisgarh, Gujarat, Jharkhand, Karnataka, Kerala, Maharashtra, Orissa, Tamil Nadu and 
part of Madhya Pradesh and Rajasthan are in hard rock terrain and presence of ground water 
is subject to availability of secondary porosity i.e. joints, fractures, fissures and weathered 
residuum. In such hard rock areas, probability of targeting ground water resource is low and 
sustainability of water supply through successful wells is also low due to low recharge rate. 

The over draft in over-exploited and critical areas has caused depletion of water tables which 
has resulted in failure of wells, shortage of water supply and water quality problems. High 
concentration of salts, fluorides, iron, nitrates, arsenic and pathogens are also serious 
limitations of ground water use especially for drinking. 
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LESSON 6. Shortcomings Of Minor Irrigation Sector 

6.1 Introduction 

Though small irrigation structures play a dominant role in the development of irrigation 
potential in the country, it has largely been the irony of the minor irrigation sector that it is 
neither managed nor monitored in a consistent manner by the local or State governments. 
State Governments have been apathetic towards appropriate institutional arrangements and 
sustainable development of surface water in the minor irrigation sector. Part of this neglect is 
due to very meager public investment. The financial institutions (which are the major 
investors in the sector) also ignore proper monitoring of the schemes in this Sector. 

One of the reasons for the negligence of the sector on the part of the Governments may be the 
low stake of the Governments in the sector of around 33% only. Majority of the funding is 
received from the institutional and private sector. As the institutional funding is governed by 
commercial interest, little attention has been paid to prevent over exploitation of ground 
water resources. With a short-sighted approach to development, the perceived progress turns 
counter-productive in the long run. 

The investment has been non-uniform, inconsistent and uncoordinated. While large part of 
the Government investment comes from the Ministry of Water Resources and is reflected in 
the Central and State Plan outlays, investments from other Central Ministries including the 
Planning Commission are not directly allocated to the concerned Ministry of the State 
Government. Under such programmes, funds are allotted through the district authorities 
who exercise the discretion of earmarking funds to related sectors for overall development of 
the region. In principle, 20% of sanctioned outlay is required to be invested in water 
resources sector, which largely constitutes minor irrigation and rural water supply. However, 
diversion of funds from one subhead to the other is a common feature and there is no clear-
cut accountability of the expenditure incurred on specific minor irrigation schemes and 
potential created thereof. 

Minor irrigation has been managed by a plethora of agencies, including Central and State 
government departments in, Panchayats, NGOs and financial institutions, etc. This makes 
coordination and planning for a harmonious development more difficult. In view of these 
shortcomings in the sector, there is need to create a regulatory mechanism for minor 
irrigation sector at the Central and State level to look after all the aspects of development of 
this sector. 

6.2 Problems Faced in Specific Areas 

While the above discussion holds good for Minor irrigation in general, there are identified 
problems in specific areas which require to be addressed. Among surface water schemes, 
only 34% are working without constraints and the rest have problems of siltation, reduced 
inflow and discharge, mechanical breakdown, channel breakdown, etc. Problems of less 
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water discharge and channel breakdown are more common. In groundwater schemes, only 
30% of units work without any constraint and issues of low water yield and inadequate 
power are common. The problems faced in the specific areas of MI Development are 
described in the following. 

6.2.1 Tank Irrigation 

Tank irrigation is a traditional and important component of the MI sector which has been 
practiced in this country for quite a few centuries. In the regions where minor irrigation 
through tanks has been the ruling resource, almost every village has a tank, managed by local 
communities initially. Tank administration was taken over by the colonial establishment for 
generating revenue which led to slow deterioration due to alienation of local communities 
and absence of investment by them. As per 2001 census, 12.4 lakh of surface water schemes 
including storage and diversion schemes out of which 2.32 lakh tanks and 1.20 lakh storages 
are in use along with about 68,800 permanent diversions. 72,198 MI tanks and storage 
structures have gone into disuse resulting in loss of irrigation potential of 0.94 mha. The 
technical reasons for low utilization of tanks are attributed to silting up of the supply 
channels, damage to head sluice or other masonry works, silting up of the old tanks, 
encroachment of the foreshore lands, non-functioning canal sluices, substantial seepage 
losses, etc. The decline in tank-fed agriculture has become more rapid during the last three 
decades, severely affecting agricultural production in several places. The deteriorating tanks 
have forced the marginal and small farmers into a cycle of deprivation and debt and left them 
increasingly at the mercy of the vagaries of monsoon. 

6.2.2 Ground Water Irrigation 

As per Groundwater Estimation Methodology (GEC, 1997), the replenishable groundwater 
resources have been estimated and the country has been classified into categories of Over 
Exploited, Critical, Semi critical and Safe from the groundwater development point of view. 
However, due lack of sufficient information on groundwater development and recharge, true 
situation in groundwater development is difficult to assess. Further, due to Easement Act, 
there is no legal framework to ensure that groundwater development takes place only in safe 
areas. Unguided and unregulated groundwater development by private investors is a major 
threat to sustainability and equitable development and management of the resource. 

In-situ salinity has led to restriction in groundwater development in parts of Haryana, 
Punjab, Delhi, Rajasthan, Gujarat, UP, Karnataka and Tamil Nadu. Occurrence of 
concentration of dissolved ions above permissible limits in 

 Groundwater is also a constraint in groundwater development. Occurrence of high 
concentration of Arsenic (beyond the permissible limit of 0.05mg/L) in groundwater has 
been reported from 79 blocks of 8 districts of West Bengal, viz., Bardhaman, Hoobli, Howrah, 
Malda, Murshidabad, Nadia North and South 24 Paragnas. Arsenic contamination has also 
been reported from Bhojpur and Patna Districts of Bihar and Balia district of Uttar Pradesh, 
which is associated with sediments in the Ganga Basin. Use of arsenic contaminated water for 
irrigation is in vogue and there is a possibility of increased concentration of these 
constituents in the food products which may lead to detrimental effects on health of the local 
population. 
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The factors responsible for poor groundwater development in irrigation sector are generally 
non availability of assured power supply, lack of public funding and lack of guidance to 
stakeholders with scientific and technical support / knowledge, subsidized water rates for 
surface water irrigation etc. Further, use of non conventional energy systems for irrigation 
pump sets is yet to come to the optimal level of techno economic viability. There is further 
need to look into groundwater estimation as certain areas which have aquifers of poor yield 
and are generally not suitable for large scale groundwater development have been 
categorised as safe areas which gives a wrong impression about the remaining areas which 
have scope of groundwater development. Such areas are to be categorised / indicated 
separately for the use of planners. New strategies to develop groundwater in hilly terrain for 
irrigation need to be framed and encouragement shall be given to such states to implement 
groundwater development schemes. 

6.2.3 Poor efficiency of pumping sets and ground water irrigation 

Most of the irrigation pump-sets operate at poor efficiency. There are many parameters, 
which directly or indirectly affect the efficiency of pumps, viz., depth to water level, 
improper accessories, irregular maintenance, poor supply voltage, use of non standard 
pumps, improper pump sizing, etc., which could affect the efficiency of the pump-sets. With 
increase in number of stakeholders for groundwater in agriculture sector, the land-man ratio 
has declined from over 0.4 ha/person in 1900 to less than 0.1 ha/person in 2000. 

The supply of electricity for irrigation is at very low (below-cost) rates for over two decades. 
Currently, electricity for irrigation is being supplied free/ subsidized rates. This has resulted 
in overloading of transmission facilities and frequent disruption in power supply. The erratic 
power supply has made farmers to install automatic power switch to start the pumps as 
when the power supply is resumed without actually considering the actual water 
requirement, resulting in over-irrigation. Such an electricity-water supply scenario has led to: 
a) overcapitalization of agriculture; b) constrained the growth of agriculture; c) resulted in 
inefficient use of water, energy and equipment; d) led to a reduction in farm profitability; and 
e) has increased pollution through increases in CO2 emissions into the environment from the 
burning of diesel. Alternatively, many farmers are also using local nonstandard pumps 
resulting in reduction in power use efficiency. It has also been observed that farmers install 
higher capacity pumps instead of required low capacity pumps due to lack of knowledge and 
non availability of technical guidance. Agricultural sector is estimated to use about 23% of 
utility-supplied electricity in the country. 

NABARD has been using control of institutional financing for development of wells in 
overexploited areas. But this approach has by and large been ineffective in checking 
overdraft due to large-scale private financing in the development of wells. Similarly, the State 
Electricity Board‘s denial of new agricultural power connections in overexploited areas and 
in critically developed areas when regulations in relation to spacing of wells are violated, has 
been ineffective due to the use of old power connections for newly drilled wells. Since 
groundwater development depends directly on energy, management of energy supply and 
pricing are suggested as more effective indirect options for keeping watch on groundwater 
extraction in sensitive areas. 
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The efficiency in groundwater irrigation can be ushered in by improvement in efficiency of 
the pumping system and in adopting water conservation measures in irrigation. There is a 
need to specify the capacity of pumps for different types of wells on the basis of depth to 
water level, type of wells and the yield of the wells in different hydro-geological settings. 
Smart irrigation practices, viz., drip irrigation and precision farming techniques need to be 
adopted by farmers and capacity building/awareness programme such as Farmers Action 
Participatory Programme are to be up scaled country wide. 

6.2.4  Constraints in Credit Support 

The major constraints in the accelerated growth of credit support for the development of 
minor irrigation are: 

• Inadequate technical guidance to farmers for site location and construction of works 
especially for bore wells and tube wells. 

• Cumbersome loan appraisal procedure and consequent delay in loan disbursement. 

• Insufficient technical expertise with financing banks to identify suitable investment and 
favourable areas for investments. 

• Poor recovery of loans extended by banks leading to reduced lending eligibility. 

• Lack of co-ordination among different departments and agencies connected with the 
programmes resulting in poor extension services. 

• Incomplete land records. 

The issue of credit/subsidy applies in general to groundwater schemes. In surface water 
schemes, which are generally funded by Government agencies, credit policy is barely an 
issue. Exceptions are there, however, as some cooperative lift irrigation schemes are 
sponsored by sugar factories. As private sector involvement is encouraged in farming sector, 
constraints in credit support could be felt for surface water schemes as well. 
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LESSON 7. OTHER GOI-MOWR PROGRAMMES IN IRRIGATION SECTOR 

Introduction 

GOI has implemented different projects in irrigation sector including minor irrigation based 
on demands driven by nature and other causes. Some are discussed below from recent 
reports. 

7.1 National Projects 

The Union Cabinet in its meeting held on 7th February 2008 approved proposal of the 
Ministry of Water Resources on implementation of National Projects with central assistance 
of 90% of the cost of the project. A new project fulfilling the following criteria will be eligible 
for consideration for inclusion in the scheme of National Project with the approval of the 
Union Cabinet: 

(i) International projects where usage of water in India is required by a treaty or where 
planning and early completion of the project is necessary in the interest of the country. 

(ii) Inter-state projects which are dragging on due to non-resolution of inter-state issues 
relating to sharing of costs, rehabilitation, aspects of power production, etc. including river 
inter-linking projects. 

 (iii) Intra-state projects with additional potential of more than 2 lakh ha and with no dispute 
regarding sharing of water and where hydrology is established. 

The Central Government has declared 14 water resource projects as National Projects. A list 
is given in Table- 7.1 

Table 7.1 National projects of India 2009 

S.No. 
Name of the 
Project 

State 
Envisage Benefits (Irrigation in hectare(ha), Power 
generation in Megawatt(MW)and storage in Million 
acre ft.(MAF) 

1 
Noa Dehang 
Dam 
Project 

Arunachal 
Pradesh 

1) Irrigation Potential of 8000 ha 
2) Hydel Power generation of 75 MW 
3) Storage capacity of 0.26 MAF 

2 
Upper Siang 
Project 

Arunachal 
Pradesh 

1) Hydel Power generation of 9500 MW 
2) Storage capacity of 17.50 MAF 
3) Flood moderation 

3 
Kulsi Dam 
Project 

Assam 
1) Irrigation Potential of 23,900 ha 
2) Hydel Power generation of 29 MW 
3) Storage capacity of 0.28 MAF 
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4 
Renuka Dam 
Project 

Himanchal 
Pradesh 

1) Drinking Water 
2) Hydel Power generation of 40 MW 
3) Storage capacity of 0.44 MAF 

5 Gyspa Project 
Himanchal 
Pradesh 

1) Irrigation Potential of 0.50 lakh ha 
2) Hydel Power generation of 240 MW 
3) Storage capacity of 0.6 MAF 

6 Kishau Project 
Himachal 
Pradesh / 
Uttarakhand 

1) Irrigation Potential of 0.97 lakh 
2) Hydel Power generation of 600 MW 
3) Storage capacity of 1.04 MAF 

7 Bursar Project 
Jammu & 
Kashmir 

1) Indirect Irrigation Potential of 1.00lakh 
2) Hydel Power generation of 1230 MW 
3) Storage capacity of 1 MAF 

8 
Ujh 
Multipurpose 
Project 

Jammu & 
Kashmir 

1) Irrigation Potential of 0.32 lakh 
2) Hydel Power generation of 280 MW 
3) Storage capacity of 0.66 MAF 

9 
Ken Betwa 
Project 

Madhya 
Pradesh 

1) Irrigation Potential of 6.46 lakh 
2) Hydel Power generation of 72 MW 
3) Storage capacity of 2.25 MAF 

10 
Gosikhurd 
Project 

Maharastra 
1) Irrigation Potential of 2.50 lakh 
2) Hydel Power generation of 3 MW 
3) Storage capacity of 0.93 MAF 

11 
Shahpur Kandi 
Project 

Punjab 
1) Irrigation Potential of 3.80 lakh 
2) Hydel Power generation of 300 MW 
3) Storage capacity of 0.016 MAF 

12 
Second Ravi 
Beas link 

Punjab 
1) Harness Water flowing across border 
of about 3 MAF 

13 
Lakhvar Vyasi 
Project 

Uttarakhand 
1) Irrigation Potential of 0.49 lakh 
2) Hydel Power generation of 420 MW 
3) Storage capacity of 0.325 MAF 

14 
Teesta Barrage 
Project 

West Bengal 
1) Irrigation Potential of 9.23 lakh 
2) Hydel Power generation of 1000 MW 
3) Barrage 

  

7.2 Repair, Renovation and Restoration of Water Bodies 

The Government of India sanctioned a Pilot Scheme for ―National Project for Repair, 
Renovation & Restoration (RRR) of Water Bodies directly linked to Agriculture‖ in January, 
2005 with an estimated cost of Rs.300.00 crore to be shared by Centre and State in the ratio of 
3:1 and proposed to be implemented during the X Plan period. The objectives of the Scheme 
were to restore and augment storage capacities of water bodies, and also to recover and 
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extend their lost irrigation potential. The Scheme has been approved for 26 district projects in 
15 States, viz., Andhra Pradesh, Bihar, Chhattisgarh, Jharkhand, Karnataka, Madhya Pradesh, 
Orissa, Rajasthan, Tamil Nadu, West Bengal, Himachal Pradesh, J&K, Gujarat, Kerala and 
Maharashtra at an estimated cost of Rs.299.92 crore and Central Share of Rs.197.32 crore has 
been released to the states upto December 2009. These projects cover 1098 water bodies with 
total original culturable command area of 1.72 lakh hectares. The physical work for 
restoration has been completed in 1033 water bodies in 15 states upto 31st December 2009. 
The spillover activities are being continued in the states of Andhra Pradesh, Gujarat and 
Maharashtra during the current financial year i.e. 2009-10 also. 

Government of India approved two schemes on repair, renovation and restoration of water 
bodies (i) one with external assistance with Central Government outlay of Rs. 1500 crore and 
(ii) the other with domestic support with Central Government outlay of Rs. 1250 crore for 
implementation during XI Plan Period. Under the scheme covered by external assistance, the 
GoI provides assistance to the extent of 25% and borrows necessary funds as loan from 
World Bank, 75% State share is to be borrowed from the World Bank by concerned States. 
Under the scheme with domestic support funding is in the ratio of 90:10 for special category 
States (NE States including Sikkim, HP, Uttarakhand, J&K and undivided Koraput, Bolangir 
and Kalahandi (KBK) districts of orissa) and drought prone/naxal affected/ tribal areas of 
non special catergory states and in the ratio of 25:75 (Centre: State) for projects benefiting 
other areas of non Special Category States. These schemes were approved during the end of 
financial year 2008-09. Public water bodies are covered under the scheme. A budget 
provision of Rs. 399.00 crore has been kept during 2009-10 for these schemes of RRR of water 
bodies with domestic support/external assistance. The scheme of RRR of water bodies 
includes the comprehensive improvement of water bodies, catchment area treatment, 
command area development and capacity building of stakeholders, increased availability of 
drinking water. The guidelines for the scheme of RRR of water bodies with domestic support 
have already been circulated to the State Governments. 

Under the scheme with domestic support, a proposal for renovation of 578 water bodies at a 
cost of Rs. 181.74 crore from Government of Orissa was received. Expression of Interest have 
also been received from the state Governments of Madhya Pradesh, J&K, Bihar, Kerala, 
Chhattisgarh, Gujarat, Rajasthan, Himachal Pradesh, Tripura, Uttar Pradesh and 
Maharashtra. Under the scheme of RRR of Water Bodies with external assistance, World 
Bank Loan Agreement has been signed with Tamil Nadu for Rs. 2182.00 crore to restore 5763 
water bodies having a CCA of 4 lakh hectares, with Andhra Pradesh for Rs. 835.00 crore for 
restoration of 3000 water bodies with a CCA of 2.5 lakh hectares, with Karnataka for Rs. 
268.78 crore for restoration of 1224 water bodies and with Orissa for Rs.448 crore for 
restoration of 900 water bodies having a CCA of 1.2 lakh hectares. 

7.3 Artificial Recharge to Ground Water through Dug Wells 

The scheme of the Ministry of Water Resources on ―Artificial Recharge to ground water 
through Dug wells‖ in 7 States, namely, Andhra Pradesh, Maharashtra, Karnataka, 
Rajasthan, Tamil Nadu, Gujarat and Madhya Pradesh was approved by the Union Cabinet on 
15th November, 2007 as announced by the Finance Minister in his Budget speech on 28th 
February 2007. The scheme has been approved for a cost of Rs.1798.71 Crores with net cost of 
subsidy to Government in terms of civil works of Rs. 1499.27 Crores. Under the scheme, as on 
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31st December 2009, net releases of funds by NABARD is Rs. 223.62 crore including Rs. 
206.38 crore as subsidy to beneficiaries, Rs. 17.00 crore for IEC/Capacity Building activities 
and Rs. 0.24 crore for advertisement through DAVP have been released to the concerned 
States. The States have already started implementation of the scheme and (as on 31st 
December 2009) net subsidy has been released to a total number of 574685 beneficiaries. The 
State of Andhra Pradesh has identified the Nodal agency in November 2009. 

7.4 Farmers’ Participatory Action Research Programme (FPARP) 

Ministry of Water Resources sanctioned Farmers‘ Participatory Action Research Programme 
at 5000 demonstration sites at a cost of Rs. 24.46 crore. This programme is being implemented 
in 375 districts of 25 States/UTs of the country with the help of 60 Agriculture Universities/ 
Indian Council of Agricultural Research Institutes / International Crop Research Institute for 
the Semi- Arid Tropics (ICRISAT), Water and Land Management Institutes (WALMIs) and 
Non- Government Organizations (NGOs) to increase yield and income per drop of water. 
Each programme covers a minimum of one hectare and is implemented in a participatory 
mode with the farm family having a sense of ownership of the programme. Programme was 
initiated during 2007-08 and till 31st December 2009 funds amounting to Rs. 18.92 crore have 
been released to the institutes. Out of 5000 demonstrations, a total of 4555 demonstrations 
have already been completed and 387 are under implementation. The remaining 
demonstrations have been taken up during the Rabi crop season 2009-10. The performance of 
the programme is being monitored by the field formations of CWC & CGWB. Interim reports 
on the implementation of the FPARPs have indicated that there is an increase in yield and 
income with saving in water use. 

Technologies being demonstrated under the programme are: 

 SRI (System of Rice Intensification) cultivation in Rice. 
 Improved irrigation methods – Micro irrigation methods (Sprinkler/Drip). 
 Multiple cropping. 
 Water harvesting technologies (Low Cost Micro Rain Water Harvesting Structure 

   i.e.:Jalkund, Storage tanks, Percolation tanks, Check dams, Recharging Wells, etc). 

 Reclamation of soils through - Drainage/Bio-reclamation. 
 Soil & Water conservation measures. 
 Improvement of water use efficiency through suitably improved crop rotations. 
 Bio-farming Technology. 
 Propagation of Aqua Culture Activities e.g. Fish Culture. 
 Crop diversification & multiple use of water 

7.5. Dam Rehabilitation & Improvement Project (DRIP 2011) 

The Central Water Commission (CWC) under Ministry of Water Resources (MoWR), 
Government of India, plans to implement, with assistance from the World Bank, the DAM 

REHABILITATION AND IMPROVEMENT PROJECT (DRIP), which would be a six-year 
project starting from January, 2011. The project would be implemented in 4 States, namely 
Kerala, Madhya Pradesh, Orissa, and Tamil Nadu. About 223 large dams in the four 
participating states with substantial need for rehabilitation and improvements would be 
included in the project. Development of appropriate institutional mechanisms for the safe 



Minor Irrigation 
 

59                                 www.AgriMoon.Com                      
 

operation and maintenance of all large dams would also be taken up in these states. In 
addition, strengthening of the institutional setup for national level dam safety surveillance 
and guidance would be taken up in Central Water Commission (CWC) under Ministry of 
Water Resources (MoWR). The project implementation agencies for DRIP would be the 
owners of dam (i.e. Water Resources Departments (WRD) or State Electricity Boards (SEB)) in 
the four participating States. The overall implementation of the project would be coordinated 
by Central Water Commission with assistance of an engineering and management consulting 
firm. 

7.5.1 Historical Background of Scheme 

Dams have played a key role in fostering rapid and sustained agricultural and rural growth 
and development, which have been key priorities for the Government of India since 
independence. Irrigated agriculture and hydropower development have been major pillars of 
the government‘s strategy to achieve these priority goals and to ensure food security. 
Rainfall, which occurs mainly in intense and unpredictable downpours within a four-month 
monsoon season, is of high temporal and spatial variability and does not meet year-round 
irrigation and other water demands. Except for the perennial Himalayan Rivers, almost all 
the river systems in India are seasonal. India ranks third in the world after China and the 
United States in terms of number of dams. Over the last fifty years, India has invested 
substantially in infrastructure necessary to store surface runoff in reservoirs formed by large, 
medium, and small dams with associated appurtenances. In India, there are 4711 large dams 
completed and another 390 dams are under construction (as per National Register of Large 
Dams, 2009 published by CWC). These dams have served the country well for the economic 
stability even in the worst years of drought, floods, cyclones, etc. Out of these, 3750 (79.6%) 
dams are more than 20 years old. Many large dams are ageing and have various structural 
deficiencies and shortcomings in operation and monitoring facilities. Few of them do not 
meet the present design standards – both structurally and hydrologically. Thus an increasing 
number of dams fall in the category where they need rehabilitation. 

Water being a state subject, the state governments are the owners of the dams within their 
territories, and as such any dam safety related initiatives by the Central Government would 
necessarily have to involve the state governments also. Keeping this in view, the matter was 
broached in the State Irrigation Ministers Conference held in 1975; and, as a follow up of its 
recommendation, a Dam Safety Organization (DSO) was created at the centre in Central 
Water Commission (CWC) in 1979. The objective of this DSO was to perform a coordinative 
and advisory role for the State Governments and to lay down guidelines, compile technical 
literature, organize trainings, etc. and in general to take steps to create awareness in the states 
about dam safety and thereafter assist in setting up infrastructure for the same 

7.5.2 Reason and Justification for DRIP Proposal 

The risk of failure of a dam is one of the inevitable concerns of civilization. Dam failures are 
typically caused by factors of age, construction deficiencies, inadequate maintenance, 
extreme weather or seismic events, and wrong operation. There have been about 200 notable 
failures of large dams in the world (as per ICOLD figures of 1995) and more than 8000 people 
have died in these disasters. Since the dam owners in India – mostly state governments – 
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have limited financial resources for rehabilitation of dams reported to be in distress, an 
urgent need has been felt for a centrally coordinated scheme to : 

(i) ensure rehabilitation and modernization of dams to bring them back to full standard of 
safety and operation; 

(ii) develop and implement adequate maintenance programs; 

(iii) ensure regular review of the status of the dams, both by the operator and by independent 
review panels, to examine problems relating to sustainable O&M of dams; 

(iv) formulate standards and guidelines and asset management systems to minimize future 
risks of dam failures; and 

(v)  Strengthen institutional mechanism in states. 

In addition to above, need also has been felt for modernizing and strengthening the central 
level dam safety organization (in CWC) for providing state-of-the-art technical and 
managerial assistance to the Dam Safety Organizations of states and other dam-owning 
organizations. 

7.5.3 Earlier Initiative Leading to Formulation of DRIP 

Earlier, the Dam Safety Assurance & Rehabilitation Project (DSARP) assisted by the World 
Bank was implemented in 4 States of the Indian Union, namely Madhya Pradesh, Orissa, 
Rajasthan and Tamil Nadu, under overall guidance of Central Water Commission during the 
period 1991 to 1999. The Project was completed in September 1999 at a cost of Rs.422.95 crore. 

Under DSARP, the institutional set-up of ―Dam Safety Organization‘ at centre as well as in 
four participating states has been strengthened through training of officers, installation of 
modern equipments and creation of dedicated set –up. Formulation of a number of 
guidelines on Dam safety and Probable Maximum Precipitation (PMP) Atlases has been one 
of the most significant and unique achievements of the project. Basic Dam safety facilities like 
providing access roads, back-up power, instrumentation, installation of communication 
system, stockpiling of emergency materials etc. have also been provided at 182 dams in the 4 
states. Thirty-three dams have come up to the desired safety level, reducing risk and adverse 
environmental impact on the property and people living downstream. 

The DSARP Project, assisted by the World Bank, was a unique project and first of its kind 
anywhere in the world. After seeing the performance and benefits accrued from the project, 
an imperative need has been felt that another project covering some more States having 
significant number of large dams be implemented through the World Bank assistance on 
similar terms and conditions. Accordingly, eleven States, namely Andhra Pradesh, Bihar, 
Chhattisgarh, Gujarat, Jharkhand, Kerala, Maharashtra, Tamil Nadu, Uttar Pradesh, 
Uttarakhand and West Bengal were included in the initial proposal, and subsequently the 
States of Madhya Pradesh and Orissa were also included on specific requests from them. 

The World Bank DRIP Preparation Mission visited India from 12 to 22 November, 2008 and 
held discussions with officials of CWC & participating States. Out of 13 identified States only 
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11 States participated in the discussions (Uttar Pradesh and Bihar did not attend the 
discussion). The Aide Memoire ( November, 2008) circulated by the World Bank indicated 
inclusion of 5 States viz. Chhattisgarh, Kerala, Madhya Pradesh, Orissa and Tamil Nadu as 
confirmed States for DRIP implementation on the basis of institutional readiness, 
government interest and commitment. Of the other states that had earlier shown interest in 
the project, Bihar, Gujarat, Maharashtra, and Uttar Pradesh indicated that they would be 
unlikely to join DRIP. The World Bank Mission considered that the proposals from Andhra 
Pradesh, Jharkhand, Uttarakhand, and West Bengal were not sufficient for inclusion for 
reasons of small number of dams proposed, or quality and readiness of documentation. 

The finalized 5 states were requested to convey their government level willingness with 
concurrence of their finance department for participation in DRIP. The government of 
Chhattisgarh has indicated that they are not inclined for taking part in the Dam 
Rehabilitation and Improvement Project with World Bank assistance. However, willingness 
was indicated by 4 states namely Kerala, Orissa, Madhya Pradesh and Tamil Nadu. 

As was the case with DSARP, the central component of DRIP will also be implemented 
in Central Water Commission, involving institutional strengthening measures for its Dam 
Safety Organization (DSO). The overall responsibility for project oversight and 
implementation would rest with the Dam Safety Rehabilitation Directorate in DSO of CWC. 

7.6 Project Economics and Justification 

The proposed project includes: (i) rehabilitation and physical improvements of 223 dams in 
four states; (ii) strengthening of institutional capacity of participating states and centre for 
sustainable dam operation and maintenance and monitoring of dam safety. The project will 
be implemented in the four states of Kerala, Madhya Pradesh, Orissa, and Tamil Nadu, and 
in Central Water Commission under Ministry of Water Resources. 

The project will target physical and technical dam improvements, and managerial upgrading 
of dam operations, management and maintenance, with accompanying institutional reforms 
and strengthening of regulatory measures pertaining to safe and financially-sustainable dam 
operations. Large dams with substantial need for rehabilitation and improvements have been 
included and appropriate institutional mechanisms for their safe operation will be 
developed. Many dams suffer from operational deficiencies, while some dams have 
structural and mechanical problems that could become a safety hazard. Some dams are 
prematurely nearing the end of their economic life, while others have lost a proportion of 
their reservoir capacity. 

The foremost justification of Dam Rehabilitation and Improvement Project is the protection of 
human lives. However, to quantify this protection in economic terms is not possible. Further 
benefits relate to: 

(i) avoidance of direct physical damage to private and public assets downstream of the dam 
at risk; 

(ii) avoidance of the very large indirect negative multiplier effects on the various sectors of 
the economies downstream of the reservoirs, irrigated agriculture being the main driver of 
those local economies; and 
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(iii) avoidance of replacement of the dam and reservoir. 

The primary beneficiaries, both urban and rural communities, are dependent on reservoirs 
for their water supply and livelihood, as well as all downstream communities of 223 dams 
who could be placed at physical and/or operational risk if dam safety is compromised. 
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LESSON 8. FINANCIAL ASPECTS OF IRRIGATION PROJECTS IN INDIA 

Introduction 

A number of projects have been initiated for irrigation and related facilities in the country 
and are in operation to achieve these objectives involving huge investment.  The water 
resources projects are largely developed executed and managed by the Government. The 
State Governments are primarily responsible for planning, implementation and management 
of the projects.  However, the Central Water Commission, being the apex nodal agency in 
water resources sector, has the overall responsibility for its development, technical clearance 
and monitoring of the Major and Medium projects. 

It is more important, from user point of view, for equitable distribution and optimal 
utilisation of irrigated water to the field of farmers.  The Command Area Development 
Programme was initiated by constructing field channels, drainage system and land levelling 
of undulating land of farmers to meet the requirement.  Removal of alkalinity and salinity of 
land are also carried out through Command Area Development Programme and is being 
funded by Central as well as State Government. Conjunctive use of ground and surface water 
also meet the requirement of equitable distribution of water for agriculture purpose.  Minor 
Irrigation projects, by creating check dams and bunds, are other facets of conserving water 
and equitable distribution of water. All such activities are funded by Central and State 
Governments and parts of Minor Irrigation are in the domain of private ownership to 
facilitate irrigated water in ultimate use of agriculture. 

8.1 Expenditures and receipts 

The Capital Expenditure refers to the Finance Account that represents Money spent to 
acquire or upgrade physical assets such as construction of concrete and masonry dams, 
reservoirs, spillways, canals and distributory networks of the irrigation project during a 
financial year. The Working Expenses refer to non plan expenditure incurred on Direction 
and Administration, Machinery and Equipment, Training, survey and investigation, research 
and other expenditures during the financial year on different economic activities carried out 
for construction of irrigation projects. The revenue expenditure was incurred on a spectrum 
of activities like Direction and Administration, Procurement of Machinery and Equipment, 
Maintenance and Repair and Extension and Improvement of Completed Projects, Survey and 
Investigation and Construction Activities for new projects, Training and Research and other 
expenditure etc.  Similarly, the expenditure incurred to meet day to day affairs of projects 
and petty expenses were booked under Miscellaneous Account termed as General/ Other 
Expenditure. It is reliably understood that expenditure incurred on Maintenance and Repair 
and Extension and Improvement of Completed Projects and expenditure incurred on projects 
those are yet to be approved by competent authority of Central and State Government are 
also included under Other Expenditure. Besides these activities, the expenditure not 
appropriately booked under a specific head of accounts is kept under Suspense Account.  
Similarly, Gross Receipt is the revenue receipt on account of water charges and other levy as 
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imposed by the state Government from time to time.  In case of Minor Irrigation projects 
Working Expenses refer to a spectrum of activities like (i) construction of Water Tank, Lift 
Irrigation, Tribal Sub-Plan and Other Expenditures under Surface Water schemes/ projects, 
(ii) Survey and Investigation, construction of Tube wells/ subsidy to beneficiaries and Other 
Expenditures in Ground Water schemes and (iii) Direction and Administration, Procurement 
of Machinery and Equipments, Tribal Sub-Plan and Other Expenses in general for Minor 
Irrigation projects. The Working Expenses in Command Area Development Programme 
consist of Direction and Administration, Ayacut Development, Dry Land Development, 
Development of Hill Areas/ Desert Area, Tribal Area Sub-Plan and Other Expenses.  The 
Command Area Development Programme per se take up activities like construction of field 
channels, lining of channels, land levelling and warabandi of small catchments areas besides 
removal of alkalinity and salinity of land for agriculture use.  The terminology of Ayacut and 
Dry Land development etc. conforms to construction of field channels, land levelling and 
other activities as mentioned above. 

The quinquennial distribution of Capital Expenditure, Working Expenses and Gross Receipts 
at all- India level by type of irrigation are presented in charts Fig.1, Fig.2 and Fig.3. 

 

These charts show that the share of types of irrigation projects in total Capital Expenditure, 
or Working Expenses or Gross receipts are more or less similar. The major and medium 
irrigation projects account for the major portion of expenditure, followed by Minor Irrigation 
and then by CAD. However, the total amounts for each of these characteristics are of 
different scale. 
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8.2 Major and Medium Irrigation projects 

The Annual Capital Expenditure on major and medium irrigation projects has an increasing 
trend during the period 1990-91 to 2006-07. It was Rs.284638 lakh in 1990-91 and increased to 
Rs. 2654223 lakh in 2006-07. Similarly, the Annual Working Expenses for major and medium 
irrigation projects also depicted an increasing trend from Rs. 245219 lakh to Rs. 960443 lakh 
during the same period. The component "Direction and Administration" of Working 
Expenses also shows an increasing trend. It was only 8% in 1990-91 and increased to 25% in 
2006-07. In absolute terms, the amount increased almost 12 times during the same period. 
The Gross Receipts from these projects on account of water charges and other economic 
activities are in the range of 5% to 12% of Capital Expenditure during 1990-91 to 2006-07. 

 



Minor Irrigation 
 

66                                 www.AgriMoon.Com                      
 

8.3 Minor Irrigation Projects 

The Capital Expenditure on minor irrigation projects shows an increasing trend over the 
period 1990-91 to 2006-07. During the period it has increased from Rs. 48858 Lakh to Rs. 
302036 lakh. Similarly, the annual Working Expenses for minor irrigation projects also 
increased from Rs. 97480 lakh in 1990-91 to Rs. 293271 lakh in 2006-07. The Working Expense 
on Direction and Administration in 2006-07 was almost 10 times of the corresponding year in 
1990-91. The expenditure incurred on Direction and Administration was 5% to 18% of 
Working Expenses. The Gross Receipts from minor irrigation projects on account of water 
charges and other levy are in the range of 6% to 15% of Capital Expenditure during 1990-91 
to 2006-07. 

 

8.4 Command Area Development Programmes 

The annual Capital Expenditure on command area development programmes has an 
increasing trend. It was Rs. 6965 lakh in 1990-91 and Rs. 17295 lakh in 2006-07. Similarly, the 
annual Working Expenses has increased from Rs. 20498 lakh to Rs. 46152 lakh during the 
period. 

 



Minor Irrigation 
 

67                                 www.AgriMoon.Com                      
 

The entire Working Expenses have been booked under Ayacut Development and ‗Other 
Expenditure‘ except nominal expenses on Direction and Administration during 1990-91 to 
2006-07, except 2002-03, 2005-06 and 2006-07. The Gross Receipt on account of water charges 
and other levy is reported nil. 

8.5 Definition of Financial terms 

The Major, Medium Irrigation and Multipurpose Projects have been initiated since beginning 
of the Plan era. There are 166 major, 222 medium and 89 ERM projects spill over in XI plan 
and 78 major, 146 medium and 86 ERM new projects are also to be completed during XI Plan. 
Several Major, Medium Irrigation and Multipurpose projects are spill over to subsequent 
Five Year Plans and are yet to be completed. Planning Commission has approved 250 
additional Major and Medium Irrigation projects for implementation. Standard definitions 
and interpretations of these terms used, either in physical or financial term: 

8.5.1. Revenue Receipt: Amount received for taxes, fees, permits, licenses, interest, 
intergovernmental sources and other sources during the fiscal year. Revenue or Revenues is 
income that a Government Department/ company receive from its normal business, 
activities, usually from the sale of goods and services to customers. Some Government 
Department/ companies also receive revenue from interest, dividend or royalties paid to 
them by beneficiaries/ other companies. Revenue may refer to business income in general or 
it may refer to the amount in a monetary unit, received during a period of time. 

8.5.2. Revenue Expenditure: The Revenue Expenditure deals with the proceeds of taxation 
and other receipts classified as revenue and the expenditure met there from, the net result of 
which represents the revenue surplus or deficit for the year. The Revenue expenditure also 
deals with expenditure met usually from borrowed funds with the object of increasing 
concrete assets of a material and permanent character. It also includes receipt of a capital 
nature intended to be applied as a set off against expenditure. 

8.5.3. Capital Expenditure: Expenditure made for an asset with a useful life of more than one 
year that increases the value or extends the useful life of the asset. Capital expenditure 
generally may not be deducted in the year they are paid, even if they are paid in connection 
with a trade or business. In other words, they are capitalised and generally may be 
depreciated or amortized in succeeding years. 

8.5.4. Working Expenses: Money spent for creation asset/ infrastructure in a fiscal year by a 
Government Department to add or expand infrastructure, plant and equipment assets and 
upkeep them with the expectation that they will benefit the Government Department over a 
long period of time. 

8.5.5. Gross Receipt: Gross receipts are the total amounts the organisation received for taxes, 
fees, permits, licenses, interest, intergovernmental sources and other sources during the fiscal 
year during its annual accounting period without subtracting any costs or expenses. 

8.5.6. Recurring Working Expenses: Money spent for upkeep of asset/ infrastructure in a 
fiscal year by a Government Department to add or expand life of infrastructure, plant and 
equipment assets and upkeep them with the expectation that they will benefit the 
Government Department over a long period of time. 
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8.5.7. Direction and Administration: All expenditure from Plan / Non-plan budget incurred 
on establishment like salaries, office expenses, travel expenses and others in a fiscal year by a 
Government Department is termed as Direction and administration. 

8.5.8. Machinery and Equipment: Machinery and Equipment are tools for facilitating 
delivery of manual works through mechanical device and at accurate speed and time. 

8.5.9. Other Expenditure: Money spent on different instrument of expenditure in a fiscal year 
by a Government Department but not elsewhere classified in specific component of 
expenditure are termed as Other Expenditure. Money spent to acquire or upgrade physical 
assets such as construction of concrete and masonry dams, reservoirs, spillways, canals and 
distributory networks of the irrigation project during a financial year. 

8.5.10. Recovery of Revenue: Recovery of Revenue are the total amounts the organisation 
levy through taxes, fees, permits, licenses, interest, intergovernmental sources and other 
sources during the fiscal year during its annual accounting period. 

The state wise details of Capital Expenditure Working Expenses and Gross Receipts of 
Command Area Development projects are available in ―Financial aspects of Irrigation 
Projects in India - May 2010‖, Information Technology Directorate, Information Systems 
Organisation, Water Planning & Projects Wing, Central Water Commission, New Delhi at 

http://www.indiawaterportal.org/sites/indiawaterportal.org/files/Financial%20Aspects%2
0of%20Irrigation%20Projects%20in%20India_CWC_2010.pdf 

Table 8.1 Gap between actual and potential Gross Receipts 

Sl.No. State 
 MMI 
potential 
created 

Potential ISF 
collection at 
Rs1350/ha 
(Rs crore/ year) 

Gross receipts (including from 
non‐irrigation users) 2006‐7 
(Rs crore) 

1 
Andhra 
Pradesh 

3303 445.9 68.8 

2 Bihar 2680 361.8 12.9 

3 Gujarat 1430 193.1 330.6 

4 Haryana 2099 283.4 87.2 

5 Karnataka 2121 286.3 21.5 

6 Kerala 609 82.2 4.9 

7 
Madhya 
Pradesh 

1387 187.2 29.8 

8 Maharashtra 3239 437.3 444.9 

http://www.indiawaterportal.org/sites/indiawaterportal.org/files/Financial%20Aspects%20of%20Irrigation%20Projects%20in%20India_CWC_2010.pdf
http://www.indiawaterportal.org/sites/indiawaterportal.org/files/Financial%20Aspects%20of%20Irrigation%20Projects%20in%20India_CWC_2010.pdf
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9 Orissa 1827 246.6 49.8 

10 Punjab 2452 331.0 49.8 

11 Rajasthan 2482 335.1 20.1 

12 Tamil Nadu 1549 209.1 28.5 

13 Uttar Pradesh 7910 1067.9 148.6 

14 West Bengal 1683 227.2 69.5 

  Total  34771 (94%)  4694.1 1366.9 

  Other states  2275  307.1 137.6 

  Total  37046 5001.2 1504.5 

Source: Table 
5.4 http://planningcommission.nic.in/aboutus/committee/wrkgrp12/wr/wg_major.pdf 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://planningcommission.nic.in/aboutus/committee/wrkgrp12/wr/wg_major.pdf


Minor Irrigation 
 

70                                 www.AgriMoon.Com                      
 

 

 

Module 3 - Concepts and definitions 

LESSON 9. Concept And Definition In Minor Irrigation 

Introduction 

The following definitions were adopted from ―MANUAL FOR DATA COLLECTION IN 
THE CENSUS OF MINOR IRRIGATION SCHEMES 2011-12‖ MOWR, GOI. PP 5-13 

9.1 Cultivable Command Area (CCA): 

The area which can be irrigated from a scheme and is fit for cultivation. 

9.2 Cultivable area: 

It consists of net area sown, current fallow, fallow lands, other lands, current fallow, 
culturable waste and land under miscellaneous tree crops. 

9.3 Gross Irrigated Area: 

The area irrigated under various crops during a year, counting the area irrigated under more 
than one crop during the same year as many times as the number of crops grown and 
irrigated. 

 9.4 Net Irrigated area: 

It is the area irrigated through any source in a year for a particular crop. 

 9.5 Irrigation Potential Created (IPC): 

The total gross area proposed to be irrigated under different crops during a year by a scheme. 
The area proposed to be irrigated under more than one crop during the same year is counted 
as many times as the number of crops grown and irrigated. If original Irrigation Potential of 
the scheme is not known then the maximum area irrigated during the past five year or so 
may be taken as the IPC. 

 9.6 Irrigation Potential Utilised (IPU): 

The gross area actually irrigated during reference year out of the gross proposed area to be 
irrigated by the scheme during the year. 

 9.7 Minor Irrigation (M.I.) Scheme: 

A scheme having CCA up to 2,000 hectares individually is classified as minor irrigation 
scheme. 
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9.8 Medium Irrigation Scheme: 

A scheme having CCA more than 2,000 hectares and up to 10,000 hectares individually is a 
medium irrigation scheme. 

 9.9 Major Irrigation Scheme: 

A scheme having CCA more than 10,000 hectares is major irrigation scheme. 

 9.10 Sprinkler Irrigation System: 

Sprinkler Irrigation is a method of applying irrigation water which is similar to rainfall. 
Water is distributed through a system of pipes usually by pumping. It is then sprayed into 
the air of entire soil surface through spray heads so that it breaks up into small water drops 
which fall to the ground. 

 9.11 Drip irrigation system: 

Drip irrigation system delivers water to the crop using a network of mainlines, sub‐mains 
and lateral lines with emission points spaced along their lengths. Each dripper/emitter, 
orifice supplies a measured, precisely controlled uniform application of water, nutrients, and 
other required growth substances directly into the root zone of the plant. 

 9.12 Centrifugal Pump: 

The most common type of pump. Typically the pump is close‐coupled to an electric motor, 
that is, the pump is mounted right on the end of the motorʹs drive shaft and the pump case is 
bolted straight into the motor so that it looks like a single unit. The water typically enters the 
pump through a suction inlet centered on one side of the pump, and exits at the top. Almost 
all portable pumps are end‐suction centrifugals. If the pump is not one of the next two types, 
then chances are it is an end‐suction centrifugal. This type of pump needs to be installed on a 
pad above the high water level if pumping from a lake or river. 

 9.13 Submersible Pump: 

Submersible pumps are installed completely underwater, including the motor. The pump 
consists of an electric motor and pump combined in a single unit. Typically the pump will be 
shaped like a long cylinder so that it can fit down inside of a well casing. Although most 
submersibles are designed to be installed in a well, many can also be laid on their side on the 
bottom of a lake or stream. Another common installation method for lakes and rivers is to 
mount the submersible pump underwater to the side of a pier pile (post). Submersibles do 
not need to be primed since they are already under water. They also tend to be more efficient 
because they only push the water, they do not need to suck water into them. Most 
submersible pumps must be installed in a special sleeve if they are not installed in a well, and 
sometimes they need a sleeve even when installed in a well. The sleeve forces water coming 
into the pump to flow over the surface of the pump motor to keep the motor cool. Without 
the sleeve the pump will burn up. Because the power cord runs down to the pump through 
the water it is very important that it be protected from accidental damage 
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9.14 Turbines and Jet Pumps: 

A turbine pump is basically a centrifugal pump mounted underwater and attached by a shaft 
to a motor mounted above the water. The shaft usually extends down the center of a large 
pipe. The water is pumped up this pipe and exits directly under the motor. Turbine pumps 
are very efficient and are used primarily for larger pump applications. They are typically the 
type of pumps used on municipal water system wells. When you see a huge motor mounted 
on its end over a well, that is most likely a turbine pump. I use turbine pumps for large parks 
and golf courses where we are pumping from lakes. The turbine pump is mounted in a large 
concrete vault with a pipe connecting it to the lake. The water flows by gravity into the vault 
where it enters the pump. The pump motors are suspended over the vault on a frame. A jet 
pump is similar to a turbine pump but it works by redirecting water back down to the intake 
to help lift the water. 

9.15 Water body: 

All natural or artificial units with some or no masonary work used for storing water for 
irrigation or other purposes are covered under water body. These are usually of various 
types known by different names like tank, reservoirs, ponds and bundhies etc. The 
distinction among various types of water body, however, is not very explicit. 

9.15.1 Pond: 

A small body of water usually earthen though masonry dykes are also included and shallow 
made through excavations which represent a restricted environment. Ponds usually describe 
small bodies of water generally no one would require a boat to cross. 

9.15.2 Tanks: 

A shallow water unit usually larger than a pond created by constructing earthen or masonry 
barricades which receives water either from tube wells or rains. 

9.15.3 Reservoirs: 

A large man made impoundment of varying magnitude created by erecting, bunds, dams 
barrages or other hydraulic structures across streams or rivers serving one or more purposes 
such as irrigation, power generation, flood control or other water resource development 
projects. 

9.16 GROUND WATER SCHEMES 

9.16.1 Dug well: It covers ordinary open wells of varying dimension dug or sunk from the 
ground surface into water bearing stratum to extract water for irrigation purposes. These are 
broadly masonary wells, kuchcha wells and dug‐cum‐bore wells. Most of such schemes are 
of private nature belonging to individual cultivator. The parameter of the well ranges 
between 2 to 6 m and the depth between 8 and 15 meter. Their CCA generally varies from 1 
to 2 hectares. 
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9.16.2 Shallow tube well: It consists of a bore hole built into ground with the purpose of 
tapping ground water from porous zones. In sedimentary formations depth of a shallow tube 
well does not exceed 60-70 meters. These tube wells are either cavity tube wells or strainer 
tube wells. These are usually drilled by percussion method using hand boring sets and 
sometimes percussion rigs. Success and popularity of the scheme depends on how cheap 
they are. A coir structure formed by binding coir strings over an iron frame is being used as 
strainer. In shallow water table areas, bamboo frames are also used. Sometimes steel pipe 
casing are replaced by pipes constructed by rapping bituminised gunny bags over the 
bamboo frame. These are called bore wells, in which bore hole is stable without a lining in 
the bottom portion and a tube is inserted only in the upper zone. The tube wells are generally 
operated for 6 to 8 hours during irrigation season and give yield of 100-300 cubic meter per 
day, which is roughly 2 to 3 times that of a dug well. Their CCA may go upto 15 hectares. 

9.16.3 Deep tube wells: It usually extends to the depth of 70 meter and more and is designed 
to give a discharge of 100 to 200 cubic metre per hour. The deep tube wells are drilled by 
rotary percussion or rotary cum percussion rigs. These tube wells operate round the clock 
during the irrigation season, depending upon the availability of power. Their annual out put 
is roughly 15 times that of an average shallow tube well and are usually constructed as public 
scheme which are owned and operated by government departments or corporations. Their 
CCA may go upto 50 hectares. 

9.17 SURFACE WATER SCHEMES 

9.17.1 Surface flow irrigation scheme: 

These schemes use rainwater for irrigation purposes either by storing it or by diverting it 
from a stream, nala or river. Some times, permanent diversions are constructed for utilising 
the flowing water of a stream or river. Temporary diversions are also constructed in many 
areas which are usually washed away during the rainy season. The small storage tanks are 
called ponds or bundhis which are mostly community owned. The command areas of such 
schemes are 20 hectares or less. The large storage tanks whose command varies from 20 to 
2000 hectares are generally constructed by government departments or local bodies. These 
are the biggest items of surface minor irrigation works. 

(i) Storage schemes (Tanks and other storages) 

Storage schemes include tanks and reservoirs which impound water of streams and rivers for 
irrigation purposes. After wells, tanks occupy a very important place under the minor 
irrigation programme. They provide nearly two third of the total irrigation from minor 
sources in the states of Andhra Pradesh, Karnataka, Kerala, Maharashtra, Orissa and 
Tamilnadu. Tracts with undulating topography and rocky substrata are eminently suitable 
for tank irrigation. Besides, there exists scope for further construction of tanks in many areas. 
A large number of existing tanks in southern States have gone into disuse due to long neglect 
of repairs. Renovation of these tanks so as to restore the lost irrigation potential is being 
accorded priority under the minor irrigation programme. 
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The essential features of these schemes are 

a. a bund or a dam which is generally of earth, but is also sometimes partly or fully 
masonary, 

b. anicut and feeder channels to divert water from adjoining catchments, 

c. a waste weir to dispose of surplus flood water, 

d. sluice or sluices to let out water for irrigation, and 

e. conveyance and distribution system. 

 The size of the storage is determined by the runoff expected on the basis of dependable 
monsoon rainfall in the catchment and by the fact whether the rainfall and cropping pattern 
would permit more than one filling of the tank. 

(ii) Diversion schemes : 

These schemes aim at providing gravity flow irrigation by mere diversion of stream water 
supply without creating any storage. As compared to storage schemes they are economical 
but their feasibility is dependent on the presence of flow in the stream at the time of actual 
irrigation requirements. Essentially such schemes consist of 

a. an obstruction (weir) or bund constructed across the stream for raising and diverting 
water; the weir being called anicut in the South, bandhara in Maharashtra and Gujarat, and 
Bandh in the Assam region, and 

b. an artificial channel, known as kul in the hilly areas, pyne in Chhota Nagpur and Bihar and 
dong in the Assam region. 

 In case of small schemes which have prominent scope in the hilly tracts and foot hill plains, 
the water is usually diverted by constructing temporary bunds across the streams, made up 
of earth, stones or even bamboos. The discharge handled being of small order, the bund on 
the head of the channel is not provided with any gated structure for controlling and 
regulating the flow. Construction of work, is, therefore, simple and cheap and can be handled 
to a large extent by the people themselves. However, these constructions being temporary, 
require frequent renovation. The bunds are liable to be washed away by every major flood. 
The channels also get silted up and scoured frequently. It is essential that whenever such 
schemes aim at diverting higher discharges, say more than 5 to 10 cusecs, or tackle streams 
having high intensity of flood discharge, proper regulation structures equipped with suitable 
types of gates are provided. Weir has to be provided with scouring sluices in order to 
regulate the flow of silt in the offtaking channels. The construction of masonary weir is 
comparatively simpler and cheaper where rocky foundation is available beneath the 
streambed. The design of the weir on permeable and erodable foundation is more 
complicated and requires specialised engineering knowledge. The irrigation capacity of the 
diversion schemes is dependent on the actual flow in the stream at the time the irrigation is 
required. The cold weather and the hot weather flow, therefore, need to be ascertained 
carefully before deciding the feasibility and economics of these schemes. This is particularly 
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important in the case of non-snow fed flashy streams that spurt to lift suddenly in the rainy 
season after which the discharge in them dwindles down to appreciable quantity. Some 
diversion schemes are also constructed as kharif or monsoon channels supplying water only 
during the monsoon season. Such schemes are useful for providing supplemental irrigation 
for paddy and preliminary watering for sowing of rabi. 

In most of the hilly tracts, small irrigation channels called ‗kuls‘ are the only means of 
irrigation. These channels carry water diverted from streams by constructing temporary or 
pucca bunds across the streams. These channels are often constructed in hazardous hilly 
terrain under very difficult conditions. To avoid seepage of water and for the sake of 
stability, these channels are lined in most of the reaches. 

(iii) Water conservation cum ground water recharging Schemes: 

Under this head are included schemes which serve primarily one or more of the following 
purposes: 

a. submerging agricultural land during monsoon for sowing post monsoon crops, 

b. improving moisture regime of the adjoining fields down stream for raising of post 
monsoon crops without irrigation and replenishing the ground water. 

An additional advantage of these schemes is that they help to conserve the soil. When 
constructed in the head water region serving catchment area of tanks down below, they serve 
the important purpose of retarding the silting rate of these tanks. The system of water 
conservation through field embankments is peculiar to central Indian tracts and is commonly 
in vogue in the northern Madhya Pradesh, Bundhelkhand region of Uttar Pradesh and 
eastern Rajasthan. 

In the Bundhelkhand region, these works are popularly known as ‗bundhies‘, which consist 
of earthen embankments thrown across gently sloping ground. During the rainy season, 
water is stored upstream and the land gets submerged. If the land slope is gradual, often 
large areas get submerged even by low embankments. Ordinarily, no direct irrigation is 
carried out and benefit is mostly due to submergence. In nearly all these areas, the soil is 
generally black which is retentive of moisture. After remaining submerged under water 
during the rainy season, the soil retains sufficient moisture to grow good rabi crops. The 
remaining water is let out and the submerged land released for cultivation. The other 
advantage of submerging land in this manner is that the first flood brings a lot of silt which 
acts as rich manure. By preventing free flow of water across steep gradient, the soil of the 
land is also conserved. 

Ahars in Bihar, which store water for irrigation of paddy fields also function somewhat in a 
similar manner. Water is let out in October for irrigating the rice fields and the drained out 
fields in the bed of the ahars are cultivated with rabi crops. The head water tanks popularly 
in vogue in Orissa have a similar role to perform. These consist of bunds put up across slope 
at the head of gullies with the objective of impounding and diverting the cumulative run off 
into the wider valley area down stream of the bunds by percolation, seepage and surface 
flow. Surface channels are provided in the flanks to carry floodwater received in excess of the 
storage capacity of the bunds during the monsoon season. 
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Percolation tanks primarily constructed for the purpose of recharging ground water are in 
vogue in Maharashtra, Tamilnadu, Kerala and Rajasthan. Check dams or rapats are in vogue 
in Rajasthan. They consist of bunds constructed across the streams for the purpose of 
retarding the surface flow and also the subsurface flow to some extent by making the bed 
slope of the stream flattened. This results in increased percolation of water in the sub‐soil 
with consequent increase of the ground water supply. 

9.17.2 Surface Lift Irrigation Scheme: 

In regions where the topography does not permit direct flow irrigation from rivers and 
streams, water has to be lifted into the irrigation channels. These works are similar to 
diversion schemes, but in addition pumps are installed and pump houses constructed. These 
schemes, being costly in operation, are feasible only in areas where 

a. gravity flow irrigation is not possible 

b. there is keen demand for irrigation and cultivators are enthusiastic, 

c. water is available in the streams for at least about 200 days in a year, and 

d. cheap electric power is available. 

Installation of diesel operated pump sets for lifting water makes the operation and 
maintenance cost of these schemes exorbitantly high. However, for lifting small order of 
discharge by individual cultivators, portable diesel engine pump sets are feasible as they 
provide greater flexibility and mobility for installation at different points of the water source 
or sources. In some areas Solar Pumps are also used for lifting water. The CCA of such 
schemes may go upto 20 hectares. 
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LESSON 10. Concepts And Definitions Related To Command Areas 

10.1 IRRIGATION 

Irrigation is the artificial application of water at right time and in required quantity to the 
root zone of the crop for the purpose of getting optimum yield. 

 10.2 DUTY OF WATER (d ha/cumec) 

This is defined as the area that can be irrigated with a continuous non-stop supply of 
irrigation water at the rate of one cumec or cusec throughout the base period. It is expressed 
as acre/cusec or hectare/cumec. 

10.3 BASE PERIOD (B days) 

This is the period over which irrigation water is to be supplied for the production of any 
crop. Normally this is equal to the period between the first and last irrigation to a crop. 

10.4 DELTA (∆ cm) 

This the depth of water required by a crop during the crop season to meet its requirements. 
This dies not have any relevance to the area of the cropped field. It is expressed in mm or cm. 

10.5 RELATIONSHIP BETWEEN DUTY, DELTA AND BASE PERIOD  

Let     ∆ be the depth of irrigation water required by a crop in cm 

          B be the base period in days 

          d be the duty of water in ha/cumec. 

Then,  \[\Delta= \frac{{864B}}{d}\]          

This is the relationship between duty, delta and base period. 

10.6 IRRIGATION EFFICIENCIES 

In irrigation systems also there is difference between the input and output at different stages. 
The important irrigation efficiencies are, 

10.6.1 CONVEYANCE EFFICIENCY (Ec) 

Water is conveyed through conveyance structures like main canal, branch canal, major 
distributory, minor distributory, field channels and watercourses. These structures may be 
lined or unlined. During conveyance of irrigation water in these structures loss occurs due to 
seepage, evaporation and percolation and hence resulting in variation between input and 
output between the regulator and field gate. 
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10.6.2 APPLICATION EFFICIENCY 

Especially in a canal system, the entire water let into the field are not retained due to the 
terrace system of irrigated field. When a block of fields is considered, some of the water let in 
is drained as runoff in to field drains. This runoff may be useful for further irrigation of 
subsequent next block of fields or may not be useful for irrigation. For the block under 
consideration, the applied water is lost as run off. Hence application efficiency comes into the 
picture. In case of well irrigation, application efficiency is generally 100%. In case 
considerable water is lost due to deep percolation resulting from over irrigation, water 
drained below the root zone and not available for crops is to be accounted as run off. 

10.6.3 STORAGE EFFICIENCY 

Irrigation water applied is stored in the root zone of the cropped field. Irrigation is needed to 
fill the moisture depleted in the root zone prior to irrigation. When there is difference 
between the irrigation water applied and retained in the field (VR) and irrigation water 
needed prior to irrigation (VN), the storage efficiency comes into the consideration. The 
volume retained (VR)is arrived at by deducting the runoff from the volume applied into the 
field. Irrigation water needed prior to irrigation (VN) is computed from the soil properties of 
field capacity (FC), wilting point (WP), Bulk density (BD), Root zone depth (D) and 
percentage of Soil Moisture Available (SMA) in the field prior to irrigation and area of the 
field (A). 

 

where, 

Es = Storage efficiency in % 

VR = Volume of irrigation water retained in the field in m3 

VN = Irrigation water needed prior to irrigation in m3 

FC = Field capacity in % 

WP = Wilting point in % 

BD = Bulk density in g/cc 

D = Root zone depth in m 

ASM = Available Soil Moisture prior to irrigation in fraction 

A = Area of the field in m2  
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10.6.4 DISTRIBUTION EFFICIENCY 

The applied irrigation water in any irrigation field and in any irrigation system will not get 
uniformly distributed and deposited in the root zone at all points. There will be variation in 
actual depth of application of irrigation water. The measure of how effectively the irrigation 
water is distributed in any method of application is given by distribution efficiency (Ed). It is 
also referred to as Christiansen‘s Uniformity co-efficient(Cu). It is given by the formula, 

Ed = [1-(Ŷ/đ)] x 100 

Where, 

Ed = Distribution efficiency in % 

Ŷ = Mean deviation from the mean depth of application in cm 

đ = Mean depth of application in cm 

If depth of application is measured at N points, then the mean depth of application is the 
average of these N values. The mean deviation is the average of deviation of each depth 
observed from the mean value computed. 

10.6.5 CROP WATER USE EFFICIENCY 

This is defined as yield of the crop per unit of water consumed for its evapotranspirative 
requirements. Experimentally it can be found out by conducting lysimeter studies. It is 
expressed as kg/m3. 

10.6.6 FIELD WATER USE EFFICIENCY 

This is the practically used value. This is defined as yield of the crop per unit of water 
consumed for its total requirements. Experimentally, it can be found out by measuring the 
volume of water let into any cropped field over one season. It is expressed as kg/m3. 

10.6.7 PROJECT EFFICIENCY 

This is the efficiency with which the water available in any project/ dam/ tank/ any other 
water resource is used. It is the ratio of the volume of water used for the purpose of crop 
production to volume of water delivered from the project for this purpose. If the conveyance 
and distribution losses are low than this efficiency will be good. Most of the Indian projects 
operate with an efficiency of about 40 to 60 % only. 

10.7 DRAINAGE 

Drainage is defined as the artificial removal of water from the cropped fields within the 
tolerance limit of the crops grown in the area under consideration. 

Drainage problem may be caused by excess rain fall or by over irrigation of upper fields or 
by the raising ground water table. The excess rain/irrigation water will normally drain in to 
the lower fields by the action of gravity. When the lower fields does not have proper 
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drainage facility water logging condition occurs. Presence of ground water table in the root 
zone affects the growth of roots. The tolerance limit of the crops varies with their 
physiological characters. 

Paddy is likely to tolerate submergence for a week or so whereas many field crops have a 
tolerance of about one to three days. Drainage is also required for special requirements like 
leaching and reclamation of problem soils. Salt affected soils are to be amended with 
chemicals and the diluted salts are to be leached by stagnating water in the field and then 
draining them by surface or subsurface drainage system. 

10.8 DRAINAGE CO-EFFICIENT is defined as the depth of water to be removed within 24 
hours over the area under consideration. This parameter helps in designing the rate of flow 
and the size of the drainage channel or pipe. 

10.9 AQUIFER 

A permeable stratum or a geological formation of a permeable material, which is capable to 
yield appreciable quantities of ground water under gravity, is known as an Aquifer. Different 
types of aquifers are 

10.9.1 Unconfined Aquifer or Non-Artesian Aquifer: An unconfined Aquifer is one which is 
not confined by an upper impermeable layer. It is also known as water table aquifer. Water in 
these aquifers is at atmospheric pressure. Jl1e upper surface of the zone of saturation is 
known as water table. When a well is constructed in these aquifers the level of the water table 
is the level of water in the well. 

10.9.2 Confined Aquifers or Artesian Aquifers: When an aquifer is confined on both sides 
by impervious rock formations i.e. aquicludes, and is also broadly inclined so as to expose 
the aquifer somewhere to the catchment area or recharge area at a higher level for the 
creation of sufficient hydraulic head, it is called a confined aquifer or an artesian aquifer. 
Water in these aquifers is under pressure above atmospheric pressure. When a well is put in 
these aquifers water will rise to a level above the water table of the upper confining layer 
because of the pressure under which the water is held. The imaginary level to which water 
will rise in wells located in an artesian aquifer is known as the piezometric level. Should the 
piezometric surface lie above ground surface, a flowing (artesian) well results. 

10.9.3 Perched Aquifer: Perched aquifer occurs whenever a ground water body is separated 
from the main groundwater by a relatively impermeable stratum of small aerial extent. 

10.10 WATER TABLE: The upper most surface of water available below the ground under 
atmospheric pressure. 

10.11 WELLS 

A well is a hydraulic hole excavated or drilled in the earth crust down to the supply of water 
for the purpose of bringing it to the ground with suitable lifting device. A water well consists 
essentially a pit, shaft or a bore constructed in the earth with the purpose of abstracting 
groundwater. 
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10.12 LAKE 

A lake is a body of relatively still fresh or salt water of considerable size, localized in a basin, 
that is surrounded by land apart from a river, stream, or other form of moving water that 
serves to feed or drain the lake. Lakes are inland and not part of the ocean and therefore are 
distinct from lagoons, and are larger and deeper than ponds. Lakes can be contrasted 
with rivers or streams, which are usually flowing. However most lakes are fed and drained 
by rivers and streams. Many lakes are artificial and are constructed for industrial or 
agricultural use, for hydro-electric power generation or domestic water supply, or for 
aesthetic or recreational purposes. 

10.13 TANK 

In India, an irrigation tank or tank is an artificial reservoir of any size. (The word sagar refers 
to a large lake, usually man-made). It can also have a natural or man-made spring included 
as part of a structure. Tanks are part of an ancient tradition of harvesting and preserving the 
local rainfall and water from streams and rivers for later use, primarily for agriculture and 
drinking water, but also for sacred bathing and ritual. Often a tank was constructed across a 
slope so to collect and store water by taking advantage of local mounds and 
depressions. Tank use is especially critical in parts of South India without perennial rainfall 
where water supply replenishment is dependent on a cycle of dry seasons alternating with 
monsoon seasons. 

Tanks known as "Pushkarni" or "Kalyani" also known as "Kund" in Hindi are reservoirs with 
steps leading down to the water, generally found in South India, and sometimes constructed 
within the walls of a temple complex. Bathing in the sacred waters of a temple tank was 
believed to cure worshippers of afflictions such as leprosy and blindness. Many temple tanks 
are decaying and drying up today. 

There is considerable uncertainty about defining the difference between lakes and ponds, and 
no current internationally accepted definition of either term across scientific disciplines or 
political boundaries exists. For example, limnologists have defined lakes as water bodies 
which are simply a larger version of a pond, which can have wave action on the shoreline or 
where wind-induced turbulence plays a major role in mixing the water column. None of 
these definitions completely excludes ponds and all are difficult to measure. For this reason 
there has been increasing use made of simple size-based definitions to separate ponds and 
lakes. One definition of lake is a body of water of 2 hectares (5 acres) or more in area, however 
others have defined lakes as waterbodies of 5 hectares (12 acres) and above, or 8 hectares 
(20 acres) and above. Charles Elton, one of the founders of ecology, regarded lakes as 
waterbodies of 40 hectares (99 acres) or more. The term lake is also used to describe a feature 
such as Lake Eyre, which is a dry basin most of the time but may become filled under 
seasonal conditions of heavy rainfall. In common usage many lakes bear names ending with 
the word pond, and a lesser number of names ending with lake are in quasi-technical fact, 
ponds. 

 

 

http://en.wikipedia.org/wiki/Pushkarni
http://en.wikipedia.org/wiki/Kalyani_(well)
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10.14 POND 

A pond is a body of standing water, either natural or man-made, that is usually smaller than 
a lake. They may arise naturally in floodplains as part of a river system, or they may be 
somewhat isolated depressions (examples include vernal pools and prairie potholes). Usually 
they contain shallow water with marsh and aquatic plants and animals. A few animals also 
make ponds, including both alligators and beavers. The type of life in a pond is generally 
determined by a combination of factors including water level regime (particularly depth and 
duration of flooding) and nutrient levels, but other factors may also be important, including 
presence or absence of shading by trees, presence or absence of streams, effects of grazing 
animals, and salinity. 

Humans also make ponds. A wide variety of man-made bodies of water are classified as 
ponds. Some ponds are created specifically for habitat restoration, including water treatment. 
Others, like water gardens, water features and koi ponds are designed for aesthetic 
ornamentation as landscape or architectural features. Fish ponds are designed for 
commercial fish breeding, and solar ponds designed to store thermal energy. Standing bodies 
of water such as puddles, ponds, and lakes are often categorized separately from flowing 
water courses, such as a brook, creek, or stream. 

Tobha is Punjabi name for village pond. Every village in Punjab (India) essentially has a 
pond, into which the drainage of village is forced. Buffalos and other village animals take 
bath in village pond during summers. Tobha also provide recreation for village people, 
where children also learn to swim and play. 

10.15 SYSTEM TANK 

System tank is one which receives water directly from a canal system, drainage water from 
upper command area and from its own catchment and irrigates a command area of its own. 
A chain of hundreds of system tanks are present in Periyar-Vaigai command area in Tamil 
Nadu resulting in better total water management. However, the direct (ayacut) command 
area has the priority in water supply over the system tanks. 

10.16 NON-SYSTEM TANK 

Non system tanks are rainfed tanks having independent catchment and command area. The 
area irrigated is proportional to the amount and distribution of rain fall received and stored. 
The tail end farmers has lesser priority over the head end farmers. They are governed by 
local panchayats in general. 

10.17 CONTOUR CANAL 

The canal constructed along the contour especially across the slope in the hills to convey 
water. They can supply water to only one side of the canal by gravity i.e.: area below the 
canal only. 
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10.18 RIDGE CANAL 

The canal constructed along the ridge line along the slope to convey water. They can supply 
water to either side of the canal by gravity. 

10.19 CULVERT 

The structure with single span constructed across a water course to facilitate crossing of farm 
roadsm when the water level is below the road level. The culverts are constructed with stone 
or concrete slabs and RCC pipes depending on the site conditions. 

10.20 INVERTED SYPHON 

The structure with two wells on either side connected by a buried pipe line. This is 
constructed when two water courses cross each other and their water levels intersect without 
the structure. This structure is constructed where there is lower flow of the two water 
courses. Also this structure is constructed when the water level in the canal intersects with 
road level. The water is taken below the road through inverted siphon. 

10.21 FLUME 

This is channel structure with a single span when two water courses cross each other 
diagonally. 

10.22 AQUIDUCT 

This is channel structure with a multiple span with supporting pillers, when two water 
courses cross each other diagonally. 

10.23DISTRIBUTION BOX 

This is a box like structure constructed in the supply channel to receive water from one 
direction and distribute the same to two or more direction. 

10.24 UNLINED OR EARTHERN CHANNEL 

Earthen channels are the open excavations on the soil surface make for the purpose of 
conveying irrigation water. 

10.25 LINED CHANNEL 

Line channels are constructed channels with different materials of lower permeability like, 

10.25.1 RR masonry: When stone is available in plenty at a cheaper cost than random rubble 
(RR) masonry will be preferred.  The bed is laid with concrete for a thickness of about 15cm.  
The sidewalls are constructed with cut stones.  The joints are pointed with 1:3 cement mortar. 

10.25.2 Brick Masonry: The bed is laid with 15cm thick cement concrete.  The brick side walls 
are constructed with 1:5 cement mortar. The inner side & top of the brick wall are plastered 
with 1:3 cement mortar. 
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10.25.3 Cement Concrete:  C.C are fully laid with cement concrete 1:2:4.  If the C.C is laid 
directly on the channel surface, it is called cast-in situ cement concrete lining.  If CC slabs of 
convenient size are manufactured at one place & then transported & laid to cover the channel 
surface, it is called cement concrete slab lining here the joints are pointed with 1:3 cement 
mortar. 

10.25.4 Soil Cement: The soil removed (or) excavated for the channel is sieved & then mixed 
with cement in the ratio of 1:8.  This mixture is plastered for a thickness of about 3-5 cm over 
the channel surface. 

10.25.5 Polythene sheet Lining:  Thick polythene sheets are spread over the smoothened 
channel surface. Shoulder bunds are laid on either side to retain the polythene sheet in 
position. 

10.25.6 Bituminous Lining:  The channel surface is to be cleaned free of weeds, vegetation & 
small stones.  A thin layer of tar & sand mixture is spread over the channel surface. 

10.26 UNDER GROUND PIPE LINE SYSTEM 

This is a system of buried pipe lines with necessary supporting structures like pump stand, 
air vent, riser valve, end plug, etc.. 

10.27 DROP SPILL WAY 

This is an erosion control and energy dissipation structure constructed in the canals to 
control drops upto 3 m. 

10.28 CHUTE SPILL WAY 

This is an erosion control and energy dissipation structure constructed in the canals to 
control drops from 3 to 6 m. 
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Module 4 - Command Area Development and Water Management 

LESSON 11. History Of Command Area Development And Water Management 

Introduction 

The Centrally Sponsored Command Area Development (CAD) Programme was launched in 
1974‐75 for development of adequate delivery system of irrigation water up to farmers‘ field 
with an objective to bridge the gap between potential created and utilised and to enhance 
water use efficiency and production and productivity of crops per unit of land and water for 
improving socio‐economic condition of farmers. The programme envisages integration of all 
activities relating to irrigated agriculture in a coordinated manner with multi‐disciplinary 
team under a Command Area Development Authority. 

Initially, 60 major and medium irrigation projects were taken up under the CAD Programme, 
covering a Culturable Command Area (CCA) of about 15.00 million hectare. From 1974‐75 till 
now, 314 projects with a CCA of 28.95 Million ha have been included under the programme. 
After inclusion of new projects, deletion of completed projects and clubbing of some projects, 
there are now 144 projects under implementation. The programme was restructured and 
renamed as Command Area Development and Water Management (CADWM) Programme 
w.e.f. 1‐4‐2004. Now the scheme is being implemented as a State Sector Scheme during the 
XIth Five Year Plan (2008‐09 to 2011‐ 12). 

11.1 Programme Components 

The components of the CADWM Programme are as follows: 

a) Survey, planning and designing of on‐Farm Developments (OFD) works; 

b) On Farm Development (OFD) works comprising construction of field channels and also 
land levelling and shaping and realignment of field boundaries, wherever necessary with a 
minimum 10% beneficiary contribution. To promote water use efficiency in irrigation, 
financial assistance is provided to the states for development of infrastructure to facilitate use 
of sprinkler/ drip irrigation system as an alternative to construction of field channels. The 
assistance under this item will not be admissible for sprinkler and drip irrigation systems but 
will be limited to construction of stilling tank, pump house and laying conveyance pipes upto 
farmers‘ fields. The cost norms as applicable for On‐Farm Development (OFD) works will 
also be applicable for such works. 

c) Construction of field, intermediate and link drains for letting out surplus water; 

d) Correction of system deficiencies above the outlet up to distributaries of 150 cusec (4.25 
cumec) capacity; 
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e) Reclamation of water logged area with a minimum 10% beneficiary contribution including 
use of location specific bio‐drainage techniques to supplement conventional techniques for 
reclamation of water logged area; 

f) Trainings/adaptive trials/demonstrations through Water and Land Management Institutes 
(WALMI) and other Central/State institutions and monitoring & evaluation of the 
programme with 75% funding from Government of India; 

g) Warabandi [with requisite funds for hardware activities under item(c) and software 
activities under item (f)] 

h) One time functional Grants to Water Users‘ Associations; and 

i) Establishment cost: 20% of the expenditure on items(b),(c),(d) and (e) 

The following provision for inclusion of project has been made in the programme during XI 
th Five Year Plan: 

Any new project is included under the Programme only in lieu of completion/deletion of an 
on‐going project in a particular State except for the projects included in the Prime Minister‘s 
package for agrarian distress districts, projects benefiting the drought prone areas, tribal 
areas, projects in the States having irrigation development below the national average and 
projects located in special category States/areas, namely, NE States, Uttrakhand, Himachal 
Pradesh, Jammu and Kashmir and Kalahandi‐Bolangir‐Koraput (KBK) districts of Orissa. 

The funding pattern for all the Programme components is on 50:50 sharing basis between the 
Centre and the State/farmers for all the components except for State sponsored software 
components such as training of farmers and field functionaries and officials, adaptive trials 
and demonstrations, seminars/conferences/ workshops, monitoring & evaluation of the 
programme etc. for which the funding pattern is 75:25 basis between the Centre and the 
States. The approved outlay for the Command Area Development and Water Management 
Programme during the XI Five Year Plan (2008‐09 to 2011‐12) is Rs.1600 crore. 

11.2 Financial Achievements 

An amount of Rs.3528.09 crore has been released to States as Central Assistance under the 
CAD Programme since its inception in 1974‐75 upto March, 2008. The continuation of 
CADWM scheme has been approved as State Sector scheme with effect from the year 
2008‐09. During the year 2010‐11, an amount of Rs.456.40 crore was released to States against 
an outlay of Rs.499 crore. Total state sector (2008‐09 to 2010‐11) release is Rs.1194.39 crore. 
The details of central assistance released during IX, X and XI plan (2007‐ 08, 2008‐09, 2009‐10 
and 2010‐11) are shown in Table 11.1 below. 
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Table 11.1: Central Assistance released under CADWM Programme (Rs. Crore) 

Period Outlay approved by Planning Commission BE Allocation Release % Release w.r.t. BE Allocation 

IX Plan 1000 825.72 751.66 91.03 

X Plan 1208 969.80 818.57 82.12 

XI Plan         

2007‐08 300 300.00 277.14 92.38 

2008‐09 350 350.00 324.29 92.68 

2009‐10 400 400.00 413.70 103.4 

2010‐11 499 499.00 456.40 91.5 

 

Source: Table 2.7 in GOVERNMENT OF INDIA, MINISTRY OF WATER RESOURCES - 
Report of the Working Group On Major & Medium Irrigation and Command Area 

Development For the XII Five Year Plan (2012-2017) – Nov.2011 

11.3 Physical Achievements 

The core components of physical works are construction of field channels, implementation of 
warabandi (rotational water supply) and field drains. The cumulative progress of works on 
these components is given in table 11.2 below 

Table 11.2: Cumulative progress of works of field channels and drains (Million Hectare) 

Item of 
work 

Cumulative achievement since 
1974‐75 to 1996‐97 

Achievement during 

    
IX 
Plan 

X 
Plan 

2007‐08 2008‐09 2009‐10* 
2010‐11* 
  

Field 
Channel 

13.95 1.80 2.31 0.394 0.429 0.384 0.413 

Field 
Drains 

0.77 0.35 0.64 0.069 0.13 0.094 0.058 

*Provisional 

Source: Table 2.8 in GOVERNMENT OF INDIA, MINISTRY OF WATER RESOURCES - 
Report of the Working Group On Major & Medium Irrigation and Command Area 

Development For the XII Five Year Plan (2012-2017) – Nov.2011 
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11.4 Reclamation of Water Logged Areas 

Although development of irrigation has increased agriculture production, it has also caused 
adverse effect in the form of water logging and associated problem of soil salinity/alkalinity 
in many irrigation commands. The problem of water logging can be mitigated to a large 
extent by efficient water management and by adopting suitable preventive measures. 
However, in spite of best efforts, the problem of water logging has surfaced in many 
irrigation commands and thus it is essential to reclaim such areas so as to have optimum 
agricultural production from them. The Ministry of Water Resources introduced a 
component of Reclamation of Water logged Areas under the Centrally Sponsored Command 
Area Development Programme w.e.f. 1.4.1996. So far 579 schemes of 9 states, namely, Bihar, 
Gujarat, Madhya Pradesh, Jammu & Kashmir, Karnataka, Kerala, Maharashtra, Orissa and 
Uttar Pradesh have been approved for reclamation of 78.81 thousand ha. water logged area. 
Out of this, an area of 52.11 thousand ha. has been reported to be reclaimed by these States. 

This component alone is not able to redress problems of water logging in the country. As 
such, there is a need to launch a generic scheme on reclamation of waterlogged areas to 
address this problem at national level. 

Table 11.3  Physical Achievements of Field Channels under CAD Programme by State 

Sl. 
No. 
  

Name of 
States/UT's 
  

Cummulative Achievement of Field 
Channels up to the end of 

Achievement during Cumulative 
Achievement 
upto 
31.03.2010 

VII Plan 
1985-90 

VIII Plan 
1992-97 

IX Plan 
1997-02 

X Plan 
2002-07 

2007-
08 

2008-
09 

2009-
10 

1 2  3  4  5  6  7  8  9  10 

1 
 Andhra 
Pradesh 

 650.8  664.6  680.2  738.1  30.9  4.3  4.0 777.2 

2 
 Arunachal 
Pradesh 

 0.0 0.0 1.0 9.0  9.1  0.0 1.2 19.3 

3  Assam  38.4  54.1  56.1  56.6  0.0  0.0  2.0  58.6 

4  Bihar  1220.9  1282.4  1297.3  1344.0  0.0 3 1.6  19.0  1394.5 

5  Chhattisgarh  0.0  0.0  1.5  51.3 40.7  27.7  29.0  148.7 

6  Goa  5.3  10.3  10.4  10.4  1.0  0.0  0.9  12.3 

7  Gujarat  766.1  852.0  889.9  1107.6 21.0  7.0  0.2 1135.8 

8  Haryana  114.3  312.7  429.4 597.3 17.9  85.9  54.0  755.1 

9 
 Himachal 
Pradesh 

 6.3  10.7  15.7  22.2  0.0  0.0  0.1  22.4 
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10 
 Jammu & 
Kashmir 

27.4 55.5  77.9  98.3  6.0  10.2 9.7  124.2 

11  Jharkhand 0.0  0.0  0.0  0.0 0.0 0.0 0.0 0.0 

12  Karnataka  897.8  1043.0  1116.2  1485.5  36.8  26.5  12.1  1560.9 

13  Kerala  46.2 153.7  174.1  182.3  0.4  0.5  0.1  183.3 

14 
 Madhya 
Pradesh 

833.5  995.8  1031.2  1073.1  9.5  9.5  10.3 1102.5 

15  Maharashtra  889.2  1113.1  1223.9  1248.1  34.0 11.5  20.7  1314.3 

16  Manipur 20.8  36.8 50.6  63.9  0.0  3.4  5.4 
                 
72.7 

17  Meghalaya 0.0  1.0  1.1  2.2  0.0  0.0  0.0  2.2 

18  Mizoram  0.0  0.0 0.1  0.9  0.0  0.0  0.0  0.9 

19  Nagaland  0.0 0.0  2.0  3.7  0.0  0.0  0.0  3.7 

20  Orissa  256.8 346.5  396.4 437.4  11.0  14.0  18.5  480.9 

21  Punjab  0.0 0.0 222.7  351.5  38.3  59.8 56.2  505.7 

22  Rajasthan  613.6  925.5 1177.2  1427.1  17.5  12.3  40.8  1497.7 

23  Sikkim  0.0  0.0  0.1  0.2  0.0 0.0 0.0  0.2 

24  Tamil Nadu  317.9  629.6  850.8  1041.7  20.4  20.8  18.6  1101.5 

25  Tripura  0.1  0.3  0.3  0.4  0.0 0.0 0.0 0.4 

26 
 Uttar 
Pradesh 

 4378.0  5375.0  5936.0  6575.3  98.6  85.8  67.0  6826.7 

27 Uttarakhand  0.0  0.0  0.0  5.8  0.0  0.5 6.6  11.9 

28 West Bengal  55.3  90.1  112.5  135.5  1.6  18.6  8.2  164.0 

Total 11138.7  13952.7 15754.6  18068.7 394.7  429.7  384.5  19277.7 

Source: Table 36 
in http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.p

df 

 

 

http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
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LESSON 12. TECHNICAL DETAILS ABOUT VARIOUS COMPONENTS OF CADWM 

PROGRAMME 

Introduction 

The technical details about various components of CADWM programme furnished here 
below are from MOWR plan reports. 

12.1. Hardware Components (Grants on 50:50 basis between Centre and States) 

12.1.1 CAD Establishment 

The total cost on establishment of Command Area Development Authorities at project level 
and the Command Area Development and Water Utilization Departments and monitoring 
cell for monitoring of Command Area Development and Water Management Programme at 
State level should be kept to the minimum. The cost of establishment should not exceed 20% 
of the expenditure on works items namely, (i) OFD works, (ii) field, intermediate and link 
drains, (iii) reclamation of waterlogged areas and (iv) correction of system deficiencies. The 
expenditure on establishment, if any, over and above the 20% of the expenditure on works as 
stated above has to be met by the State Governments from their budget. 

12.1.2 One-time functional grants to Water Users' Associations (WUAs) 

a) Farmers themselves need to maintain Field Channels and Field Drains constructed under 
the programme in the subsequent years. It is, therefore, essential to involve WUAs in the 
planning and execution of OFD works, equitable distribution of irrigation water among all 
the land holders of an outlet command and repair/ maintenance of the distribution network 
after the same is handed over to them for management. Formation of WUAs at minor or in 
specified area of a canal is mandatory for implementing the CADWM Programme. In 
formation of WUAs, Panchayat representative should also be included as member. 

b) To facilitate the working of these Water Users‘ Associations a provision has been made for 
One-time Functional Grant at the rate of Rs.1000 per ha. (Rs.450 per ha by Centre, Rs.450/- 
per ha by the State and Rs.100/- per ha by the farmers). The Functional Grant will be given 
where Water Users‘ Associations are formed, registered and actually engaged in distribution 
of water. The amount would be deposited in the fixed deposit account of Water Users‘ 
Associations in the bank and interest accrued thereon would be used for the activities of the 
Associations. 

12.1.3 Enforcement of Warabandi 

a) The Command Area Development Authority should enforce the Warabandi below the 
outlets. Integrated water management including supply from the head regulator of main 
canal up to the farm gates should be considered as a single unit. Effective coordination with 
the irrigation staff is necessary in working out operation plan for the main system, which 
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would be in conformity with the warabandi schedules prepared below the outlets. 
Preparation of operation plan for the main canal systems should be attempted in advance, 
considering the recommended sowing time of various crops for Kharif and Rabi seasons. 
Coordination with the Agriculture Department (extension wing of Agriculture Department 
as well as zonal research centers of State Agricultural Universities and ICAR or any other 
reputed Institute) who would advise about the most suitable dates of sowing of crops as well 
as crop sequences is also necessary for effective implementation of warabandi. Working out 
scheduled water distribution for opening of the canal, roastering of the branches or 
distributaries for providing equitable water supply in various sub-commands and informing 
the farmers in advance, need be done. 

b) Central assistance for enforcement of warabandi is not available with effect from 1.4.2004. 

The expenditure on regulatory/control structures to be installed for enforcement of 
warabandi can however be met from the component relating to correction of system 
deficiencies above the outlet upto distributaries of 150 cusec capacity. The regulatory 
structures could be: 

− Construction of Adjustable Proportionate Modules (APMs) at outlet head and measuring 
devices in field channel like parshall flumes, notches (rectangular or trapezoidal) or weirs 
depending upon situation. 

− Providing gates for the outlets in case of ungated or pipe outlets so as to control deliveries 
in the field channels. 

− Display boards at outlet head showing the name of outlet, discharge, CCA, name of 
farmers, area of these fields, their turn indicating day and time for taking water, duration of 
time etc. The name of farmers‘ Association, if any, functions, responsibilities and duties of the 
farmers should also appear on the board. 

− Auto-transmitters coupled with gauge recorders for speedy and reliable transmission of 
gauges to the control stations. Training of farmers on Warabandi can be carried out by 
WALMIs and other State/Central agencies/Institutes and the cost met from software items. 
It is essential to maintain records of Warabandi system and progress of the same shall be 
monitored by the State level Monitoring Committee (as mentioned in Proforma-13 of 
Annexure-II) as well as this Ministry. 

12.1.4 Survey Planning and Design 

Topographic survey is meant for proper planning and designing of OFD works so as to 
ensure their quality. Soil survey is meant for land capability classification so as to understand 
their capability for crop planning and undertake proper treatment measures to realize their 
full potential. Proper topographic and soil survey maps of the project should be maintained 
in CADA records. 

12.1.5 On-Farm-Development (OFD) works (comprising construction of field channels and 
also land leveling/shaping and realignment of field boundaries, where necessary) 
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a) This is an important activity under the Programme for efficient utilization of irrigation 
water. Properly planned, aligned and designed field channels should be constructed from the 
Government outlet in a manner that each and every field of the outlet command is connected 
by field channel. The assistance would be available for construction of field channels with 
related structures like cistern, measuring devices, drop structures, division boxes, turnouts, 
flumes, culverts, inverted siphons, subject to the prescribed cost norms. As a general 
guideline, a minimum of 20% length of the field channels may be lined, the length of lined 
channels may be less or more than 20% according to the actual conditions and subject to 
prescribed cost ceiling per ha. The Central assistance will be limited only to the prescribed 
cost norms and any additional cost involved will have to be borne by the State Governments. 

b) To promote water use efficiency in irrigation, financial assistance can also be availed to be 
by the States for development of infrastructure to facilitate use of sprinkler / drip irrigation 
systems as an alternative to construction of field channels. The assistance under this item will 
not be admissible for sprinkler and drip irrigation systems but will be limited to construction 
of stilling tank, pump house and laying conveyance pipes from outlets upto farmers‘ fields. 
The cost norms as applicable for On-Farm Development (OFD) works will also be applicable 
for such works. 

12.1.6 Field, Intermediate and Link Drains 

The expenditure under this component would be admissible on field drains from individual 
fields and other intermediate/link drains to provide connectivity to the main drains. 

12.1.7 Reclamation of Waterlogged Areas 

a) The problem of water logging in the Commands of irrigation projects has affected the 
health of the soil and reduced the agricultural productivity considerably. Central assistance 
to States is therefore being provided for reclamation of waterlogged areas in the irrigated 
command of the projects covered under CADWM Programme. The items of work under this 
scheme are:- 

− Assessment of problem areas in the commands of irrigation projects. 

− Planning and designing for preventive and reclamation measures. 

− Taking up the preventive and remedial activities like land management, drainage (surface, 
sub-surface, vertical etc.). 

− Monitoring and evaluation. 

b) A component on bio-drainage has also been added w.e.f 1.4.2004. Wherever feasible, 
biodrainage techniques alone or in conjunction with conventional techniques may be used for 
reclamation of waterlogged areas. Proper guidance on implementing this component from 
Central/ State forest Departments, Agricultural Universities, ICAR/ WTC Centres etc. 

c) Prior approval of the Government of India will be necessary before undertaking the 
reclamation work. A consolidated proposal for all the pockets of a project where reclamation 
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work has to be taken up may be prepared. The proposal so prepared may be discussed in the 
State level committee and then sent to the regional office of CWC and to the Ministry. 

Upon recommendations of the CWC, the multi-disciplinary Core Group of the Ministry will 
consider the proposal for approval. 

12.1.8 Correction of system deficiencies 

a) A number of irrigation projects in the country have been operating much below their 
potential due to shortage of funds for O&M related activities such as cleaning of the channels 
by de-silting and weeding, raising earthwork in embankments or dressing the bed and side 
slopes to the design standard and removing undercuts in hard strata, strengthening of banks 
in filling sections, restoring bed gradients, replacing and painting metal parts in gates and 
hoists, making control and measuring devices fully functional etc. This has been by and large 
responsible for unreliability in availability of irrigation water at farm level and consequently 
the reduced irrigation efficiency. The scope of the CADWM Programme has,  therefore, been 
expanded to take care of system deficiencies occurring above the outlet up to distributaries of 
4.25 cumec (150 cusec) capacity. This would eventually improve the output of the activities 
below the outlet as well. 

b) The State Governments will be required to ensure that distributory Committees are 
formed, who can take over these distributaries for operation and maintenance, after these 
have been rehabilitated. Work on this item is to be executed with Minor/distributary as a 
unit and preferably on those distributaries where all outlets have been saturated and the OFD 
works have been handed over to the WUAs. Prior approval of the Government of India will 
be necessary before undertaking the rehabilitation work and the process of approval shall be 
the same as described under the item ‗reclamation of waterlogged areas‘. 

12.2. SOFTWARE COMPONENTS (grants on 75: 25 sharing basis between Centre and 
States) 

12.2.1 Adaptive Trials and Demonstrations 

a) Appropriate water management practices at the field level, usually called on-farm water 
management, which include preparation of fields to receive irrigation water, improved 
methods of irrigation such as, border strips, check basins, furrows, determining the optimal 
length of fields, suitable stream size etc. are required to be experimented in different 
locations and demonstrations there of arranged for the benefit of the farmers. Working out 
appropriate frequencies and water dosages for different crops, evolving water allowances in 
the command after considering the total water available, field application losses as well as the 
conveyance losses so as to ensure equity in distribution of water in various subcommands as 
well as among the farmers can also be experimented under these trials. Training farmers in 
respect of irrigated agriculture, switching over from rain fed crops with low risk-low inputs 
to high inputs high risk irrigated crops so as to increase yields as well as profits is required to 
be included in these trials. This change over has to be gradual after considering the financial 
capability of the farmers which can be done by adjusting the most suitable combination of 
fertilizer ingredients (NPK) after testing the soils. For this purpose comprehensive adaptive 
trials should be taken up in the respective command areas according to the guidelines 
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already issued. Prior approval from the Ministry may be taken by the State Governments in 
respect of Adaptive Trials before their execution and incurring of expenditure and the mode 
of approval shall be as defined under the item ‗reclamation of waterlogged areas‘‘. The job 
can also be entrusted to WALMIs/ other appropriate central and State organizations. 

b) It has been observed that not much activities under action research on PIM has been 
undertaken either by the CADAs or the WALMIs. Efforts under CADWM therefore need to 
be intensified to initiate action research on various aspects of PIM such as creating awareness 
on PIM, stress on equity, rights and duties of farmers, enforcement of Warabandi, collection 
of water charges, O&M of the system, running of Water Users‘ Associations etc. 

12.2.2 Training 

a) The Staff of irrigation department at management level, field staff and functionaries of the 
Command Area Development Authorities would need training in improving the deliveries 
from the main system, on-farm water management, enforcement of Warabandi, planning & 
designing of OFD works, Participatory Irrigation Management etc. The farmers would also 
need training in distribution of water below the outlet or minor and maintenance of field 
channels/field drains, use of improved water management and agricultural practices. 

b) The superintending engineers, executive engineers and deputy engineers can be trained at 
the respective WALMI‘s in the states but the field level staff and farmers need to be trained at 
the project level. Project level training centers may therefore be set up for imparting training 
in respect of the activities or works entrusted to the various categories of staff so as to 
improve their capabilities and also to ensure effective quality control. The job can also be 
entrusted to WALMIs/ other central and State Agencies wherever feasible. The farmers 
particularly the members of the executive body of WUAs and members of the minor/ 
distributory committees may be trained in irrigated crops, crop rotations, proper sowing 
times, crop water-soil relationship, warabandi, Participatory Irrigation Management and 
maintenance of field channels/drains. This can be done by organizing 3-5 days workshops, 
training programme, etc. 

12.3. IMPLEMENTATION OF THE PROGRAMME IN A HOLISTIC MANNER : 

a) Water Users' Associations are to be formed before taking up on farm development 
activities 

b) On Farm Development Works must be implemented with active involvement of Water 
Users' Associations and handed over to them after completion. 

c) Field link & intermediate drains are also to be simultaneously constructed along with OFD 
works wherever required 

d) WALMIs are to be intimately involved in training and other related activities. 

e) After the On-farm development works have been completed and all outlets are saturated, 
an MOU must be signed between Minor/distributory committees and Irrigation departments 
for future maintenance. 



Minor Irrigation 
 

95                                 www.AgriMoon.Com                      
 

 

 

LESSON 13. APPROACH TO PLANNING, CONSTRUCTION AND MAINTENANCE OF 

ON FARM DEVELOPMENT WORKS 

Introduction: 

The purpose of irrigation is to enable the farmers to improve the agricultural production. The 
modern irrigation management aims at high efficiency of water conveyance and appropriate 
methods of water application, through participatory irrigation management at each stage of 
irrigation development. The PWD/WRO/AED/CADA of each state has taken appropriate 
decision to promote and implement the theme of participatory irrigation management in all 
the Irrigation projects through formation of Water Users‘ Associations (WUA). The approach 
to planning, design, construction and maintenance of OFD works needs to be, therefore, 
reoriented from this new angle. 

13.1   On Farm Development (OFD) Works: 

The efficient management of irrigation water for maximizing productivity requires both, the 
efficient on farm water management and the optimization of the use of water and land, 
through appropriate methods of water application. The efficient on-farm water management 
is related to water delivery system and allied works in the command area of chak (Small 
irrigation block), which distributes the water to each farm. The items of works pertaining to 
on farm water management are termed as ―On farm development works‖. 

The on farm development works comprise of following, 

a) Field channels for conveyance of water 

b) Control structures 

c) Crossings 

d) Surface drainage system 

e) Farm roads 

f) Field channel protection works and 

g) Land forming (Smoothening / grading / leveling). 

13.2  The General approach to design and execution of OFD works: 

The general approach to design and execution of OFD works shall be in accordance with the 
Govt. technical circulars, the Govt. Resolution and other directives issued by the Govt. from 
time to time for this purpose. The participatory irrigation management and efficient water 
delivery system to provide timely as well as adequate water supply to each farm, shall be the 
main focus points in the design and implementation of OFD works. 
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The basic issues of general approach are, 

a) Systems approach 

b) Sequence of design and execution 

c) Functional utility 

d) Farmers‘ Participation 

e) Organizational coordination 

13.2.1 Systems approach: 

The conveyance system from the dam to the farm gate is one live system and it is necessary 
that the designs of the different components are matched properly. The water management 
proposed to be adopted on the canal system should always be kept in view as a reference 
frame. In Maharastra, canals and branches are designed for a 14 day rotation (irrigation 
interval) including a 12 day running period and a 2 day closure (except in unusual peaks 
when there is a 14 days running period); minors and distributaries are designed to complete 
the irrigation in half period. The chaks will be so laid out and designed that the entire 
irrigation thereon is completed in 6 days. The outlets are operated in sequence from tail to 
head of the minor. Outlets with a less than 6 day running period are alternated or rotated. 
Thus, basically a chak water delivery system will be designed to provide at the farm gates, 
(turnout or property head) within a 6–day running period, water requirements of 14 days 
irrigation interval. 

13.2.2 Sequence of design and execution: 

(a) The ideal sequence of finalization of design would be obviously from the tail to the head. 
First, according to the topography and soil conditions, the land forming of each farm would 
be decided, so as to ensure efficient irrigation. Next, the chak water delivery system and 
surface drains would be designed so as to ensure adequate water deliveries to the different 
farms and proper drainage. According to the number of outlets and period for which they 
would operate, the design capacity of the minor is decided and in turn, that of the 
distriburtory and of the main canal. Conditions do not always permit this ideal sequence of 
design and therefore the design may have to proceed from head to tail. Sometimes this may 
lead to designs with inadequate conveyance capacities in the distributaries and minors. One 
should keep these limitations in mind. 

(b) The execution of OFD works shall be done only in places where canal water has actually 
reached. The OFD works get disturbed and deteriorated if these are not put to use 
immediately. As far as possible, the construction of OFD works may not be taken up till the 
formation of Water Users‘ Association. 

(c) After construction of OFD works, preparation of work-done drawings of OFD works 
(record drawings) form the basic record for planning irrigation management. The completion 
report shall include design report and work done cost estimates. The design report should 
explain the chak size, field channel alignments and gradients, network of surface drains and 
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their design, details of OFD structures etc. The completion report shall explain for any 
deviations from the design and limitations, if any, arising out of these deviations for 
irrigation management. 

13.2.3  Functional utility: 

The purpose of the OFD works is to provide timely and adequate supplies of water to each 
holding and preserve environmental balance as well, by avoiding seepages, leakages and 
stagnations of water which trigger problems like water logging, causing adverse impact on 
environment. To achieve this functional utility, the planning and design of OFD works has to 
be hydraulically better and socially acceptable. The OFD works also need to be such that 
these are economical for the construction and maintenance. The functional utility of OFD 
works depends on levels of accuracies and quality of construction. In a water delivery 
system, accuracies are very important. Separate tolerances are, therefore, prescribed for 
different works of on-farm development. The quality of construction governs the cost of 
maintenance and overall life of OFD works. Thus the functional utility of OFD works is 
governed by following aspects 

i) Hydraulic design 

ii) Economy for construction and maintenance 

iii) Social acceptance i.e. User friendliness to community of farmers who will be actually 
using OFD works and 

iv)Levels of accuracies and quality of construction. These issues need to have a proper 
bearing in approach to design and execution of OFD works. 

13.2.4  Farmers Participation: 

Success of canal irrigation depends on the response of the farmer, both as an individual and 
as a member of the group benefited by the outlet. The irrigation facilities should be designed 
with a view to meet his requirements, particularly in respect of land forming. Active 
participation of the farmer at the stage of design should therefore be encouraged. This will 
also help in building up of an atmosphere of common purpose and thereby in the unification 
of the beneficiaries into a homogeneous group. The Irrigation Departments have taken a 
decision to promote and expedite the formation of WUA‘s, so that all the created potential 
under various projects is taken over by Water Users‘ Associations. The Govt. is also 
promulgating separate Act for farmers‘ management in Irrigation system. Hence, it would be 
necessary to revamp the approach, if necessary, in accordance with the provisions and 
procedures laid down by the Govt. from time to time 

13.2.5  Organizational Coordination: 

The works from the canal head down to the distributory and from the distributory head to 
the outlet are carried out by the Construction Organization (C.O.) of the Irrigation 
Department. The outlet of a capacity of about 30 litre/second is the last Government 
structure on the canal system. Below outlet, OFD works are the community works. Design 
and construction proceed on the basis of the location of the outlet and its sill level. Experience 
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has shown that when the work is done in isolation by construction Organization and 
Command Area Development wing, many a time errors creep in. To ensure a coordinated 
effort, it is necessary at the stage of design, that the design of a minor is treated as an 
overlapping function. Thus the PWD/WRO/AED/CADA should not consider the design 
and layout of a minor as a work unrelated to the work below the outlet. Instead, at least 
conceptually, the process of design of the works below the outlet, should continue upto the 
head of the minor. In near future, Water Users‘ Associations may take up the work of design 
and construction. 

13.3 Procedure for taking up OFD works: 

The OFD works are part of CAD works. The cost estimates for OFD works are generally 
formulated in two parts. 

a) Part I works.: Cost estimates for chak water delilvery system, field channel protection 
works and surface drainage works in a chak. 

b) Part II: Cost estimate for land forming works for each holding. 

The design and cost estimates for Part I works shall be done for ―the chak system‖ i.e. a 
group of chaks under the command area of minor. This is essential because the design of a 
chak delivery system should not be done in isolation without consideration of the adjoining 
chaks. This helps to decide the efficient way of designing surface drains for the overall 
topography and so also the disposal of excess irrigation water. The overall average cost per 
ha for Part I works in ―the chak system‖ may be compared with the prescribed cost norm. 

The cost estimate for land forming works is prepared on individual holding basis after 
getting consent of concerned farmer and completing the financial formalities.  The design and 
cost estimate for field channel protection works may be done for each chak separately. The 
construction of OFD works may be taken up as per Govt.‘s prevailing circulars and 
instructions in accordance with various provisions in Govt. Resolutions and Acts in vogue. 
As far as possible the OFD works may not be taken up till the formation of WUA. 
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LESSON 14. Survey And Investigations For Ofd Works 

Introduction 

Before the design of the minor and the chaks can be taken up, it is necessary to carry out 
detailed surveys and investigations. The data so collected has to be analyzed so that the 
design is appropriate to the field situation. 

14.1 Unit for Design: 

The smallest unit for design will be a minor serving a group of outlets. This will ensure that 
the field conditions of the adjoining chaks (command of an outlet) are reflected in the design. 
If the minor is too large, serving, say, more than 20 outlets, the design can be proposed in two 
or more parts so that only 10 to 12 outlets are considered at a time. However, to ensure that 
the adjoining topographical conditions are taken into consideration, in such cases, at least one 
outlet on each side of the minor should be included in each part of the design so that there is 
an overlapping area (The design of a chak should not be done in isolation, without 
consideration of the adjoining chaks). The term 'Chak System' is used to indicate primary 
unit of design. 

14.2 Sill Levels: 

After survey, design and construction of distributories and minors, tentative locations and 
sill levels of the outlets shall be fixed after joint inspection of Construction and CAD 
organizations. As far as possible outlets shall be located at the upstream of the drops. The sill 
levels of the outlet shall be taken at or near the bed of the distributory or minor. The locations 
and the sill levels of the outlets so fixed, will be supplied by the Construction wing to the 
Command Area Development Authority. The Construction Organization shall also fix stone 
indicating the sill levels and the locations of the outlets on site. The survey and investigations 
for a chak system will be taken up after the sill levels of all the proposed outlets in the chak 
system are provided by the construction organization. 

14.3 Farmers: 

In canal irrigation, unlike in well irrigation, water that is supplied at the Government outlet is 
to be shared equitably by all the beneficiary farmers. This involves understanding and 
cooperation. Therefore, the number of beneficiaries has to be reasonably small. Generally, 10 
to 15 beneficiaries can be organized for water sharing. If the number exceeds 20, it becomes 
practically un-manageable. Therefore, the farmers organization at the outlet will have always 
to be at the focal point. Suggestions from the farmers organization regarding alignment of 
F.C., tentative locations of turnouts, requirement and tentative location of graded bunds be 
sought. Details of the individual holding (pot hissa) in the chak system should be obtained so 
that the number of farmers under each outlet is known at the time of design. The boundaries 
of the individual holding should be marked on the village maps. 
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14.4  Soils: 

The soil conditions in a chak affect the design of the water delivery system and land shaping 
in many ways. 

(a) Channel Gradient: Fine Textured soils (Black Cotton Soils) and other clayey soils are 
easily erodible and hence the gradients of channels in such soils have to be relatively flat. In 
Coarse Textured (murumy) soils, steeper gradients can be allowed without affecting the 
stability of the channel bed and depth of water in the channel for diverting water in the field. 

(b) Rate of flow: For efficient application of water on the farm the rate of flow has to be 
controlled according to the character of the soil. Generally in Fine Textured soil (Black Cotton 
Soils) the rate of flow has to be smaller than in Coarse Textured (murumy) soil. 

(c) Land Forming: If the depth of soil is shallow, care has to be taken while designing the land 
forming work. Some soil cover is necessary even after land forming. 

(d) Field Drains: Field drains have not only to carry excess water during irrigation but also to 
drain the excess run-off during the rainy season. In fine textured soils area, there is likely to 
be more runoff from rain than in medium and coarse textured soils area. Capacity of the 
drainage system will have to be varied to suit these variations. 

(e) Structures: Design of structures in Fine textured (black cotton) soil is quite different from 
that in coarse (murumy) soils. The costs also vary accordingly. 

The data about soil conditions should therefore be collected and the area in each chak 
roughly demarcated into different portions as coarse textured or fine textured soil etc. survey 
number wise, for designing of the water delivery system. The individual farm maps for land 
shaping should show whether the soils are shallow (less than 22.5 cm), medium (22.5 cm to 
45 cm) or deep (45-90 cm) and very deep (more than 90 cm). 

For land shaping, data regarding soils is necessary. For this purpose at least five trial pits 
should be taken, four at the four corners of the farm and one at the centre. The trial pits 
should have a depth of 1.0 m or should reach coarse-grained soil whichever is earlier. In case 
of difficulty in taking trial pits, 100 mm diameter auger holes can be taken. Soil samples 
should be collected at every 0.15 m depth of soil from the top or part thereof and tested for 
texture. Soil texture refers to the relative proportion of various groups of soils grains in a soil 
mass. These fractions are called ―Soil separates‖ or ―Soil fractions‖. The International Soil 
Science Society (I.S.S.S.) System for soil separates may be adopted as given in Table 14.1 
below: 

Table – 14.1 Classification of soil separates, I.S.S.S. System 

S.No. Soil Separate Diameter Range (mm) 

1 Coarse sand 2.00 - 0.20 

2 Fine sand 0.20 - 0.02 
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3 Silt 0.02 - 0.002 

4 Clay Below 0.002 

  

The soil texture can be determined by simple field classification methods and the soils are 
classified in the following 5 broad groups. For many purposes, the complete details of soil 
textural classes are arranged into groups as shown below: 

General Soil Textural Group Basic Soil Textural Classes 

A) Coarse textured soils Sandy, loamy sands 

B) Moderately coarse textured soils Sandy loam 

C) Medium textured soils Loam ,silt loam ,silt 

D) Moderately fine textured soils Clay loam ,sandy clay loam, silty clay loam 

E) Fine textured soils Sandy clay ,silty clay ,clay 

  

14.5 Field Method of determining soil texture: 

Determination of soil texture in the field is made mainly by feeling the soil with fingers and 
noting the feel as grittiness, stickiness, slipperiness, plasticity, etc. This requires skill and 
experience. For high accuracy, the texture determined in field by surface feel should be 
checked against laboratory analysis. The basis of field determination of soil texture by surface 
feel is explained below: 

i) When felt between fingers, the sand particles in soil feel gritty or in case of very sandy 
samples, these can be seen by naked eye. 

ii) The feel of the silt is soft and floury when dry, and is slippery or soapy when moist; but 
does not stick to the fingers. 

iii) The clay when felt between thumb and fingers, is sticky if moist, plastic enough to form a 
flexible ribbon when pressed. 

Thus by means of different feels among the sand, silt and clay, the soil textural class is 
estimated. However, errors are expected due to presence of organic matter gypsum, calcium 
carbonate, coarse fragments, soluble salts, etc. The individual textural class can be identified 
as described below. 

Take a handful of soil free from coarse fragments and moist in condition. Rub the soil 
between thumb and fingers and ask yourself three question, viz. 
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a) Is the soil gritty? 

b) Is the soil silky, slippery and soapy? 

d) Is the soil sticky and plastic? 

If the soils are equally gritty, silky and sticky, then the soils are ‗loam‘ in texture. If in all the 
feelings, grittiness is more dominant, soils are ‗sandy loam‘ in texture. If stickiness is much 
more dominant as compared to other two feelings, soils are ‗silt loam‘ in texture. If stickiness 
is much more pronounced than grittiness and silkiness, soil is ‗clay loam‘ in texture. If it is 
only silt, silky feeling is present and dominant, whereas other two feelings are almost absent. 
If the silkiness and stickiness are equally dominant and grittiness absent, then ‗silty clay‘ is 
estimated. If grittiness and stickiness is equally and dominantly felt and slippery feeling 
absent, the texture is ‗sandy clay‘. If loam texture is felt, but sand and clay are felt equally 
high, it is ‗sandy clay loam‘ texture. Similarly in loam texture if both clay and silt are felt 
dominant the texture is estimated as ‗silty clay loam‘. Thus, it is an approximate key to 
identify soil texture in the field, but should always be supported by laboratory analysis, skill 
and experience. For ready reference, steps to be followed in field classification are presented 
in Figure 14.1. 

  

14.6 Other Facilities: 

For the given chak system, data about the following should be collected and should form a 
part of the design report: 

(a) Roads 

(b) Distance to nearest market 

(c) Present area under well irrigation and number of wells 

(d) Present area under lift irrigation and bandhara irrigation. 
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14.7 Crops: 

Data of the present crops grown in each chak should be presented in the design report. The 
data can be obtained from the village records. 

14.8 Surveying and Mapping: 

Accuracy required for the design of community items is different from that required for the 
individual items of land forming. Separate surveys are therefore carried out for the two 
works. 

14.8.1 Survey for Community Items: 

For design of community items, maps are required in the scale of at least 1:1000 to 1:1250, 
with contours having an interval of 0.2 m to 0.3 m. Such contour maps can be produced 
either by Aerial Survey or Ground Survey. 

(a) Aerial Survey: From rectified prints of aerial photographs, contour maps can be prepared 
by control survey on the ground. The survey of India provides the contour maps after aerial 
photography as well as ground control. Such maps are generally adequately accurate. This 
however requires planning many years in advance. The survey of India can also provide 
rectified prints from aerial photographs. With complimentary ground survey, accurate 
contour maps can be produced by the Land Development Divisions. 

(b) Ground Survey: The procedure followed presently is to have a grid survey with block 
levels on 15m X 15m grid. From these, contour maps with an interval of 0.2 m to 0.3 m can be 
prepared. The procedure is adequate for the design of community items. The survey should 
however be carried out for the entire chak system. The closing of the benchmarks with 
reference to the outlet sill levels provided by the Construction Organization is most 
important. The design should not proceed unless this factor is satisfied. From this survey, 
contour maps with a contour interval of 0.2 m to 0.3 m should be prepared. However, taking 
into consideration the requirement of scale for the contour map of the chak and the contour 
map of the chak system, plotting for these two maps will be separately done as under: 

For the map of the chak system the grid levels at 30 m. interval (omitting alternate levels) will 
be plotted on a scale of 1:2000 or 1:2500 and the contours drawn with 0.3 m interval. (If the 
command is big the map of chak system may be prepared to the scale of 1:4000 or 1:8000 and 
contours of 0.4 m or 0.6 m interval). For the contour map required for the individual chak, the 
entire grid levels will be considered (at 15 m interval) and contour map will be prepared with 
0.2 m to 0.3 m contour interval to a scale of 1:1000 or 1:1250. 

The above maps should be superimposed on village maps and following aspects be marked 
on it. 

1) Alignment of Distributory / Minor / Subminor 

2) Location of outlets with sill level and other structures on Distributory / Minor / Subminor 

3) Un command portion 
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4) Gat number wise type of soil 

5) Ridges, vallies, Nallas, depressions or ponds, hillocks, Goothan, Hutments 

6) Location of existing wells 

7) Trees and permanent structures. 

After the survey, a tracing of the contour map of the chak / chak system with the signatures 
of the surveyor and the plotter and the Agricultural Supervisor / Junior Engineer, thereon 
should be prepared. 
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LESSON 15. CHAK LAYOUT AND ALIGNMENT OF FIELD CHANNELS 

Introduction 

The chak or outlet command is a basic unit for irrigation management in the command of 
Minor, distributory or any other parent channel. Therefore, establishing layouts of the chaks 
in the command of a given channel is the first step of the planning process. For this purpose, 
the contour map of the command of minor or distributory to the scale of 1:2000 (1:4000 if 
command is very big) with contour interval of 0.2 or 0.3 m should be available. 

15.1 Layout of Chaks: 

Following factors are considered for finalizing chak boundaries and total layout of chaks. 

i) Topography (Ridges, vallies, local depressions, high patches, etc.) 

ii) Maximum permissible area which can be irrigated in peak rotation by a prescribed 
discharge in a given flow period 

iii) Maximum length of field channel 

iv) The number of farmers to be served 

v) Other factors like village boundary, road/railway lines, etc. 

15.2 Topography: 

Mark vallies, local depressions, gullies, natural drains, high patches, ponds, gaothans, roads, 
railway lines, village boundaries etc. in different colours on the contour plan so as to limit the 
boundary of the Chak to natural drain / village boundary / road / railway lines. 

15.3 Maximum Permissible Chak Size: 

The chak size plays an important role in the efficient scheduling of irrigation. It is the area 
served by an outlet. It depends mainly on discharge of the outlet, flow period, crop pattern 
and peak irrigation water requirements. For example, the Government of Maharashtra has 
standardized the capacity of the field channels at 30 l/s. Previously, the flow period in most 
of the projects used to be 12 days in a rotation period of 14 days. Now the flow period of 6 
days in a rotation period of 14 days is adopted for chak design. With the discharge of 30 l/s 
and the flow period of 6 days in a rotation, the only variable factor in determining the chak 
size is the peak net irrigation requirement. Net irrigation requirement (NIR) based on 
modified Penman Method is worked out for crops as per the approved project-cropping 
pattern. This is generally the NIR at root zone (expressed in mm) considering effective 
rainfall and the special needs of different crops. Since the water is released at outlet head, the 
net irrigation requirement at outlet head has to be determined. This can be computed by 
applying efficiency factors, from field to turnout and from turnout to outlet. The field 
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application efficiency (root zone to the turnout) depends on preparation of land, irrigation 
methods and the flow rate. It normally varies from 70% to 80%. With the developed lands 
and good irrigation method, 75% application efficiency can be achieved and may be adopted. 
The conveyance losses in field channel depend on length of field channel, soil strata, channel 
condition, type of lining, distribution of fields along the length of the channel which 
determine running time of each unit lengths of field channel, etc. However, average 
conveyance efficiency of field channel from the turnout to the out let may be taken as 85%. 
The efficiency from root zone to outlet is therefore 75% x 85% = 63.75%. The efficiency figures 
can be modified if specific data is available. The net irrigation requirement for every fortnight 
of year is calculated for the project crop pattern. Based on this, the master statement of crop 
water requirement is prepared. The maximum value of the irrigation water requirement is 
then adopted for the determination of chak size. 

One such sample calculation is presented in Table 15.1. given in the end of this lecture. 

As per Table 15.1, Fortnightly Peak Net Irrigation Requirement for the given 

crop pattern is in the 26th fortnight (17/12 to 31/12) and is 46610 m³ per 100 ha of I.C.A. 

NIR = 46610 m³ for 100 ha of ICA 

i.e. 466.10 m³/ha of ICA 

Assuming field application efficiency of 75% and average conveyance efficiency of field 
channel as 85%, the overall efficiency between outlet and root zone works out as 75% x 85% = 
63.75% i.e. 0.6375. 

NIR at outlet head = (466.10/0.6375) = 731 m³ 

Water delivered at outlet 

At the rate of 30 lps (108 m³/hr) = 108 m³ x 6 days (flow period) x 24 hrs 

                                               = 15552 m³ 

Chak Size (ha of I.C.A.) = (15552/731) = 21.27 ha 

If intensity of irrigation (ICA/CCA) for project under consideration is Say 80% then 

Chak Size (ha of C.C.A.) = (21.27/0.8) = 26.58 ha. 

Maximum chak size for the project is say 25 ha. 

15.4 Length of Field Channel: 

Excessive length of field channel results into more conveyance losses and complaints from 
tail Enders about non-receipt of desired discharge. Therefore, the maximum length of field 
channel in one stretch from outlet generally should not be more than 1000 m (1 Km). 
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15.5 Number of Farmers: 

In canal irrigation, the water that is supplied at the Government outlet is to be shared 
equitably by all the beneficiary farmers. This involves understanding and cooperation and 
therefore the number of beneficiaries has to be reasonably small. Generally 10 to 15 
beneficiaries can be organized properly for water sharing. The number of beneficiaries in a 
chak will depend upon the sizes of the holdings. Where the average size of holding is 
smaller, the chak size may be adjusted such that the maximum number of beneficiaries 
should not exceed 30. 

15.6 Other Considerations: 

As far as possible the chak should lie in one village only. Similarly roads, railway lines 
should be considered while fixing chak boundaries. As far as possible chak boundaries may 
be restricted upto road/railway line in order to avoid crossings. Considering above-
mentioned factors the boundaries of the chaks be fixed and layout of chaks in the whole 
command of a given canal be finalized. The cost economics of OFD works should also have 
bearing while finalizing the chak area and layout. 

15.7 Alignment of Water Courses and Field Channels: 

After the layout of the chaks is prepared, the locations of the outlets, jointly decided by the 
concerned Organizations are marked on the contour plan. Following aspects may be 
considered while finalizing the location of the outlet. 

i) The outlet to be located upstream of drop/fall on parent channel 

ii) The FC should command the area within short distance (Say within 15m) 

iii) As far as possible it should not cross borrow pit 

iv) To avoid the road crossing on F.C., if possible, the location of the outlet should be taken 
d/s of the road. 

If these locations are not suitable for the layout obtained earlier, changes are made by 
relocating the outlets and increasing the number where necessary. 

The sill level (of the outlet) should be taken at or near the bed of the minor or distributory, so 
that the outlet can draw its full discharge of 30 l/s even when the minor is flowing half full. 
From the sill level, the bed level of the field channel near the outlet is obtained. 

The alignment of the field channel is then marked along high ground so that it can command 
maximum area. As far as possible, it should be taken along the boundary of a holding so that 
the field is not artificially divided by the channel. The field channels will be aligned either 
along the ridge so that irrigation can be done on both sides or along the contour with 
irrigation only on one side, depending upon topography. The field channel should be 
marked down to each individual holding. It should be ensured that the turnout can be placed 
in the holding it serves and near the boundary. While marking the alignment of the field 
channel, it should be seen that the channel can command the fields included in the design. 
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For this purpose preferably the water level in the field channel be kept as 15 cm higher than 
the ground, it is designed to serve. 

A field channel must necessarily tail into a drain (natural or otherwise). In any case F.C. 
should not be used as a tail of minor or distributory. 

In case, the field channel is being aligned on a sloping ground leaving some area above the 
field channel as uncommanded, then it is obligatory to provide a catch water drain along-
side the field channel on the upstream side. It should terminate in a natural gully. 

The marking of the alignment should be done by the SDO. The locations of the outlets and 
the alignments of the field channels should then be marked on site and verified by the 
Agricultural Supervisor/Junior Engineer and also by the SDO (and so certified) before the 
plans are submitted by SDO to DO for approval. The beneficiaries should also be consulted 
and their suggestions, if found suitable, may be incorporated. After these are approved, the 
location of the outlets can be finally informed to the Construction Organization so that the 
construction can proceed. If required, a joint inspection should be carried out by Executive 
Engineer of Construction Organization and the Divisional Officer of a Land Development 
Division. The approval of the Divisional Officer will be accorded on the plan (tracing on 
cloth/paper), on which locations of outlets and the alignments of field channels are shown, in 
ink. 

Table 15.1 FORTNIGHTLY (14 days) NET IRRIGATION REQUIREMENT BY MODIFIED 
PENMAN METHOD 

(For 100 ha of I.C.A.) of Kukadi irrigation project 

S. 
N
o 

  

Ar
ea 
in 
ha. 

Net irrigation Requirement in mm/m3 

19 20 21 22 23 24 25 26 1 2 3 4 5 

10/
9-
23/
9 

24/
9-
7/1
0 

8/1
0-
21/
10 

22/1
0-
4/11 

5/1
1-
18/
11 

19/1
1-
2/12 

3/1
2-
16/
12 

17/1
2-
31/1
2 

1/1-
14/
1 

15/
1-
28/
1 

29/
1-
11/
2 

12/
2-
25/
2 

26/
2-
11/
3 

1 
Wheat 
(1/11-
28/2) 

16 

- - - 80 19 34 59 74 68 75 74 51 7 

      
128
00 

304
0 

544
0 

944
0 

111
00 

108
80 

120
00 

118
40 

816
0 

112
0 

2 

Local 
Jawar 
(R) 
(1/10-
28/1) 

15 

7 20 48 67 67 63 66 62 48 24 - - - 

105
0 

300
0 

720
0 

100
50 

100
50 

945
0 

990
0 

930
0 

720
0 

360
0 

      

3 
Hy. 
Jawar 
(R) 

12 
- 9 28 50 61 63 66 69 65 45 - - - 

  108 336 600 732 756 792 828 780 540       
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(1/10-
28/1) 

0 0 0 0 0 0 0 0 0 

4 

Jawar 
(Rattoo
n) 
(16/10-
23/1) 

2 

- - - 12 33 54 66 70 52 27 - - - 

      
180
0 

495
0 

810
0 

990
0 

105
00 

780
0 

405
0 

      

5 

Peas/Gr
am 
(16/10-
23/1) 

5 

- - 9 22 33 54 68 76 65 44 - - - 

    450 
110
0 

165
0 

270
0 

340
0 

380
0 

325
0 

220
0 

      

6 
Onion 
(16/10-
12/1.) 

2 

- - 83 21 28 44 60 69 61 65 69 5 - 

    
160
0 

420 560 880 
120
0 

138
0 

122
0 

130
0 

138
0 

100   

7 
Potato 
(16/10-
27/1) 

3 

- - 82 19 24 40 60 75 65 70 4 - - 

    
246
0 

570 720 
120
0 

180
0 

225
0 

195
0 

210
0 

120 -   

      
105
0 

408
0 

150
70 

327
40 

282
90 

353
30 

435
60 

466
10 

401
00 

306
50 

133
40 

826
0 

112
0 

  

Figures in numeration indicate NIR in mm and those in the denominator indicate Qty in 
m3 Peak Demand is in the 26th Fortnight (17-12 to 31-12)  i.e.(46610 m3/100 ha of I.C.A) 

            The crop pattern of this project does not contain any crops growing in Hot Weather 
season viz 1-3 to 30-6 
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LESSON 16. Chak Water Delivery System – Channel Design 

Introduction 

Assured and timely irrigation water supply to each farm is the basic need for maximizing the 
agricultural production per unit area of irrigated land in command area. Properly designed 
and constructed water delivery system only can function efficiently and help to achieve 
above target. The system should be such that it will supply adequate water efficiently even at 
peak demand period upto farthest and highest location of each individual farm in command 
area under the outlet. The system should also be economical. 

16.1 Elements of chak water delivery system: 

Chak is the area under outlet. Following are the elements of the delivery system. 

1) Channel for conveyance of water – to convey water from outlet to farm head. 

2) Control structures – to control water distribution and velocities. 

3) Crossings - for transportation facilities. 

16.1.1 Channels for conveyance: 

Channels for conveyance include watercourse and field channel upto farm gate. Equalizer is 
channel within the farm for internal distribution by the farmer. Field channels convey water 
from outlet to each farm gate. Watercourse is initial part of field channel near outlet which is 
dead channel not serving command area. 

16.1.2 Planning of Field Channel: 

Field channels form the tertiary distribution network in the canal system. These are the last 
link in the water delivery system of an irrigation network. The planning and design of field 
channels are, therefore, key issues, which determine the success of an irrigation project. Since 
the reliability of water supply and credibility of irrigation engineers is dependent on these 
issues, it is necessary to attend to planning and design of field channels, carefully and 
judiciously. 

16.1.3 Data and maps for planning: 

For planning of field channels in particular, following data and maps are necessary: 

a) Contour maps of chak to the scale of at least 1:1000 to 1:1250 with contours having an 
interval of 0.2m to 0.3m. This map shall also show gut numbers and the field boundaries of 
gut numbers. The natural drains and nallas occurring within the chak shall also be marked 
on this map. 
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b) Statement showing names of beneficiaries and their gut numbers with respective 
ownership area. 

c) Type of soil in chak command, as assessed in district soil survey maps. If these maps are 
not available type of soil shall be decided by taking trial pits. 

16.1.4. Field verification of field channel alignment: 

Layout and alignment of the field channel network within the chak is obtained as already 
described in Lec -15, ―Chak layout and alignment of field channels.‖ This layout and 
alignment of the field channels shall be verified on the field, before detailed survey and 
actual design of field channels is taken up in hand. This is necessary to accommodate the 
changes in ownership or division of ownership etc. The field verification of field channel 
layout helps to modify the alignment to avoid fruit bearing and any other trees or newly dug 
wells etc. on the F. C. alignment. Secondly, F. C. alignment may also be discussed with 
beneficiaries / members and office bearers of Water Users‘ Association related to the chak. 
This will be in line with participatory irrigation management and minimize the divergent 
views taken by beneficiaries during actual construction / taking over the area for 
management by the W.U.A. 

16.1.5 Detailed survey along the alignment of F.C.: 

Before the actual design of field channels is taken up in hand, the longitudinal section is run 
along the alignment recording spot levels at 30m interval. Cross section across the alignment 
may be taken at 60m interval and at the location of turnouts. The cross section may extend 
adequately on either side to judge the sill levels of turnouts, with respect to area it has to 
serve. The L section for each segment of field channel is surveyed separately, with 
appropriate survey equipments. Trial pits, if necessary, be taken along the alignment of F.C. 
to access the soil variation and depth of black cotton soils. 

16.2  Design of field channels: 

The design of field channels envisages design of following three aspects, 

a) Discharge 

b) Cross section 

c) Bed gradient 

16.2.1 Design discharge of field channel: 

The design prescriptions for the discharge of field channel varies from State to State. The 
planning commission has prescribed a range of 30 to 70 lit/sec depending upon the type of 
soil and crops to be served. The Govt. of Maharashtra in Irrigation Department has 
prescribed design discharge for field channel to be 30 l/s vide Govt. circular CDA-
1087/1553/209/87-CAD (LD & Engg) dt. 12th January 1988. 
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16.2.2 Cross section of field channel: 

A trapezoidal cross section of field channel is most suitable for unlined field channels. The 
design parameters to design a trapezoidal cross section for unlined field channel are as 
follows: 

a) Bed width (B), 

b) Side Slope (Z:1, Horizontal : Vertical) 

c) Rugosity coefficient (N) 

d) Free board (FB) 

e) Top width in banking (T) 

 Typical cross section of unlined field channel is shown in fig. 16.1. 

  

 

a) Bed width (B): 

The bed width of field channel governs the total cross sectional area of field channel to be 
constructed i.e. it governs the earthwork quantities. It also governs the depth of water flow in 
the field channel i.e. it governs the driving head at turnout and also the velocity of flow in the 
field channel. Thus, this is an important dimension from economic as well as hydraulic 
design point of view. Minimum bed width of 30cm shall be provided in unlined field 
channel, which caters above requirements. But in very flat topography, this can be increased. 

b) Side slope (Z:1, Horizontal : Vertical) 

The side slopes for the unlined field channel cross section are designed according to 
structural stability of soils through which field channel passes. The recommended side slopes 
in accordance with type of soil are given in Table 16.1. 
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Table 16.1 Side slopes recommended for unlined field channels 

Sr. No. Type of soil 
Side slope 
(Horizontal : Vertical) 

1. Fine Texture Soil (Black cotton soil) 2½ : 1 

2. Medium Texture Soil (Clay loam) 1½ : 1 

3. Coarse Texture soil and soft murum 1½ : 1 

4. Hard Murum 1 : 1 

  

c) Rugosity coefficient (N): 

Rugosity coefficient (N) is characteristic of the condition and type of contact surface. For 
unlined field channels, recommended values of rugosity coefficient (N) are given in Table 
16.2. 

 Table 16.2 Recommended values of N for field channel 

Sr.No. Type of surface Recommended values of rugosity coefficient (N) 

1 Earthen channel 0.04 

2 Earthen channel with grass Soddling 0.04 

3 Rock cuts Hard murum 0.04 

4 UCR masonry lining OR Brick masonry lining 0.03 

5 RCC half round pipe lining 0.022 

  

d) Free board (FB): 

Free board is a vertical distance between full supply depth (Y) and the top of retaining banks 
for field channel. This is necessary for preventing overtopping of banks under unprecedented 
conditions. For field channel in banking, the minimum free board of 30cm should be kept. 
For field channels in cutting, the minimum free board shall be about 15 cm to 20 cm, lesser 
free board may be adopted for field channels in cutting in murum. In case of field channels 
with R.C.C. half round pipe lining / UCR masonry lining minimum free board shall be 10 cm 
to 15cm. 

e) Top width of section in banking (T): 

The field channel cross section may be in full banking or in partial banking – partial cutting. 
The top width of banking section in such cases may be minimum 0.3 m and may increase 
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upto 0.45 m in accordance with height of banking. Since, the seepage losses through banking 
are more, the height of banking may not be more than 1.0 m in any case. 

16.2.3 Hydraulic design of field channels: 

The field channels are designed as unlined, open channels to have a uniform flow. The 
hydraulic design of field channel is an iterative process to arrive at design discharge with an 
appropriate bed gradient which generates permissible, non erdodible velocity and results in 
minimum requirement of drop/falls structures. To determine the bed gradient to suit these 
requirements, is the key issue in the hydraulic design of field channel. The bed gradient (S) of 
field channel is the ratio of its vertical drop (H) for a length (L) of channel. 

The gradient for each segment of field channel is designed separately. The gradient of field 
channel should give non-erodible velocity and adequate depth of water to provide sufficient 
driving head at each turnout to serve maximum area of every farm in the command with 
minimum land shaping. The maximum permissible gradient consistent with the maximum 
permissible velocities, shall be adopted wherever required so that the number of drop 
structures is minimized. To minimize the number of drop structures or falls, ground slope be 
adopted in the first trial as bed gradient. To obtain the best fit bed gradient for the given 
segment of field channel, following points are adhered to, 

16.2.3.1 Non-erodible velocity: 

The velocity in the unlined field channel has to be non-erodible. Hence, the permissible 
velocities have been recommended in the Table 16.3 for design purposes. 

Table 16.3 Permissible velocities in unlined channels in different soils 

Sr.No. Type of Soil Permissible Velocity (m/s) 

1. Silt 0.45 

2. Black cotton soil (Fine texture soils) 0.5 

3. Clay loam 0.65 

4. Soft murum 0.8 

5. Grass sodded section 0.9 

6. Hard murum 1.0 

  

16.2.3.2 Depth of water flow: 

The gradient governs the depth of water-flow in the field channel and the depth of water 
flow in the field channel near turnout with reference to highest ground level in the farm 
governs the driving head for efficient water distribution through turnout. Hence, the field 
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channel bed gradient should be such that it would evolve a field channel elevation near 
turnout to get a minimum driving head of 15cm. 

16.2.3.3 The design process: 

The commonly accepted formula for the hydraulic design of an open channel is Manning‘s 
formula as given below: 

  Where, 

V = Velocity of flow (m/sec.) 

R = hydraulic mean depth =  m. 

A = Cross sectional area of water flow (m2). 

P = Wetted perimeter (m) 

S = Bed Gradient 

N = Rugosity of coefficient 

The typical trapezoidal cross section of unlined field channel is shown in fig. 16.1. The 
dimensions are decided in accordance with the discussions in 16.2.2. 

For the first trial, 

1. Assume the natural ground slope along the F C alignment, to be the bed gradient (S) of 
field channel in that segment, and 

2. Assume full supply depth of flow = Y meters. The cross sectional parameters in the 
Manning‘s formula are as below: 

B = Bed width of field channel. 

Y = Full supply depth 

Z = Side slope of trapezoidal cross section of field channel. 

A = Wetted cross section area = (B + Z * Y) * Y 

P = Wetted perimeter =  

R = hydraulic mean depth =  m 

N = Rugosity of coefficient 
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S = Bed gradient of field channel 

   = the natural ground slope in that segment (In the first instance of trial) 

Then, using Manning‘s formula, 

V = velocity of flow =  

This trial would be successful & finally accepted for design if, 

a. Q is nearly equal to 0.03 cumec. 

b. V is within permissible, non-erodible range of velocity for soil type specified in Table 16.3. 

c. Y, the full supply depth of flow near turnout is at-least 15cm higher than the ground level 
in the command of respective turnout. If there is no turnout to be served in the field channel 
segment, this criteria may be relaxed. If any of these requirements, is not fulfilled, next trial 
with appropriate depth of flow and bed gradient is conducted as above till the hydraulic and 
structural requirements of field channel design are satisfied. The calculated values are 
tabulated table 16.4 to 6 in the end of this lecture for 30 lps discharge and for different side 
slopes and for N values of 0.022, 0.03 and 0.04. 

16.2.4 Longitudinal section of field channel: 

The longitudinal section of field channel is finalized as given below. This will facilitate 
minimum drops/fall or zero drops which will reduce the cost of structure. 

1. Plot the ground profile of field channel (main or branch) on L - Section sheet. 

2. Mark turnout positions on the L-Section. 

3. Divide the whole length of field channel into different reaches/segments having more or 
less uniform ground slope and workout respective ground slopes. 

4. Mark outlet sill level of outlet at the start of FC / WC. 

5. Decide bed gradient to be provided to FC / WC. As far as possible natural ground slope be 
adopted as bed gradient to minimize number of drops / falls. However, care should be taken 
that bed gradient should neither result in the velocity more than the permissible, nor it 
should result into full supply depth less than 15cm if turnout is to be served at that chainage. 
If there is no turnout in a particular reach and strata is hard, bed gradient as steeper as 
possible (limiting it to natural ground slope) may be adopted even if the full supply depth in 
F.C. is less than 15cm provided the velocity is within permissible limits. 

6. Too many changes in slopes are avoided to ease of construction and better hydraulic 
conditions. 
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7. Start marking F.C. bed profile considering designed bed gradient. If the bed gradient is 
flatter than the ground slope fall / drops will have to be proposed. The location of fall and its 
depth (bed fall) may be decided considering following guidelines: 

a. Fall / drop should not be located U/s of turnouts. 

b. The bed level U/s of fall / drop should at least be 10cm in cutting. 

c. The depth of drop i.e. bed fall will be governed by the requirement of downstream turnout. 
Therefore considering downstream turnout, mark the bed profile from downstream turnout 
going upstream. If necessary more than one fall will have to be provided to avoid excessive 
height of drop. (i.e. 1 m). 

d. Standardized fall / drop designs are available. Where actual bed fall required is different 
than standard design, the fall as per actual requirement be provided, however the design of 
next higher fall be adopted (e.g. if fall of 0.4m is necessary, provide 0.4m drop, but the design 
of 0.45m drop be adopted) 

e. Try to provide a sloping bed drop (rapid) wherever F.C. is passing through hard strata like 
hard murum or soft rock etc. and no turnout is to be served. 

16.3 Departure from designed alignment: 

To attend better hydraulic functioning of field channels, it is necessary to give the accurate 
markout as per design and follow the same during construction with proper vigilance. The 
following tolerances may be accepted in case of construction of field channel during 
execution: 

 20 mm on straight section 

 50 mm on tangents 

 100 mm on curves 

 Departure from designed gradient: 20mm 

 In case of drops, division boxes, turnouts, crossings, the tolerance can be ±20 mm in 
elevation. 

 In case of measuring devices, the tolerance can be ± 5mm in elevation and ±5 mm in 
dimension. 
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Table No.16.4 Design of Field Channel for 30 lps discharge and bed width of 30 cm and n = 
0.022 

bed 
width 

normal 
depth 

side 
slope 

bed 
gradient 

n Area P R V Q 

(m) (m) 1 in 1 in   (sqm) m   m/s cumec 

0.3 0.094 1.5 100 0.022 0.041454 0.638922 0.064881 0.733264 0.030397 

0.3 0.113 1.5 200 0.022 0.053054 0.707427 0.074995 0.571096 0.030299 

0.3 0.126 1.5 300 0.022 0.061614 0.754299 0.081684 0.493641 0.030415 

0.3 0.135 1.5 400 0.022 0.067838 0.786749 0.086225 0.443215 0.030067 

0.3 0.143 1.5 500 0.022 0.073574 0.815594 0.090209 0.408547 0.030058 

0.3 0.15 1.5 600 0.022 0.07875 0.840833 0.093657 0.382401 0.030114 

0.3 0.156 1.5 700 0.022 0.083304 0.862466 0.096588 0.361387 0.030105 

0.3 0.162 1.5 800 0.022 0.087966 0.884099 0.099498 0.344805 0.030331 

0.3 0.166 1.5 900 0.022 0.091134 0.898522 0.101427 0.329275 0.030008 

0.3 0.171 1.5 1000 0.022 0.095162 0.916549 0.103826 0.317288 0.030194 

 

bed 
width 

normal 
depth 

side 
slope 

bed 
gradient 

n Area P R V Q 

(m) (m) 1 in 1 in   (sqm) m   m/s cumec 

0.3 0.09 2 100 0.022 0.0432 0.702492 0.061495 0.707514 0.030565 

0.3 0.107 2 200 0.022 0.054998 0.778519 0.070644 0.548779 0.030182 

0.3 0.119 2 300 0.022 0.064022 0.832184 0.076932 0.474299 0.030366 

0.3 0.128 2 400 0.022 0.071168 0.872433 0.081574 0.427123 0.030397 

0.3 0.135 2 500 0.022 0.07695 0.903738 0.085146 0.393109 0.03025 

0.3 0.141 2 600 0.022 0.082062 0.930571 0.088185 0.367349 0.030145 

0.3 0.147 2 700 0.022 0.087318 0.957404 0.091203 0.34782 0.030371 

0.3 0.151 2 800 0.022 0.090902 0.975293 0.093205 0.330102 0.030007 

0.3 0.156 2 900 0.022 0.095472 0.997653 0.095697 0.316748 0.030241 
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0.3 0.16 2 1000 0.022 0.0992 1.015542 0.097682 0.304637 0.03022 

  

bed 
width 

normal 
depth 

side 
slope 

bed 
gradient 

n Area P R V Q 

(m) (m) 1 in 1 in   (sqm) m   m/s cumec 

0.3 0.086 2.5 100 0.022 0.04429 0.763124 0.058038 0.680726 0.030149 

0.3 0.103 2.5 200 0.022 0.057423 0.854672 0.067187 0.530713 0.030475 

0.3 0.1132 2.5 300 0.022 0.065996 0.909601 0.072554 0.456121 0.030102 

0.3 0.1215 2.5 400 0.022 0.073356 0.954298 0.076869 0.410528 0.030115 

0.3 0.129 2.5 500 0.022 0.080303 0.994686 0.080731 0.379394 0.030466 

0.3 0.134 2.5 600 0.022 0.08509 1.021612 0.08329 0.35362 0.03009 

0.3 0.139 2.5 700 0.022 0.090003 1.048538 0.085836 0.334031 0.030064 

0.3 0.144 2.5 800 0.022 0.09504 1.075464 0.088371 0.318582 0.030278 

0.3 0.148 2.5 900 0.022 0.09916 1.097004 0.090392 0.304925 0.030236 

0.3 0.152 2.5 1000 0.022 0.10336 1.118545 0.092406 0.293561 0.030342 

 

Table No.16.5 Design of Field Channel for 30 lps discharge and bed width of 30 cm and n = 
0.03  

bed 
width 

normal 
depth 

side 
slope 

bed 
gradient 

n Area P R V Q 

(m) (m) 1 in 1 in   (m2) m   m/s cumec 

0.3 0.1103 1.5 100 0.03 0.051339 0.697692 0.073584 0.584823 0.030024 

0.3 0.1324 1.5 200 0.03 0.066015 0.777375 0.08492 0.455002 0.030037 

0.3 0.147 1.5 300 0.03 0.076514 0.830016 0.092183 0.392411 0.030025 

0.3 0.1583 1.5 400 0.03 0.085078 0.870759 0.097706 0.353286 0.030057 

0.3 0.1675 1.5 500 0.03 0.092334 0.90393 0.102148 0.325499 0.030055 

0.3 0.1753 1.5 600 0.03 0.098685 0.932053 0.105879 0.304335 0.030033 

0.3 0.1823 1.5 700 0.03 0.10454 0.957292 0.109204 0.28763 0.030069 
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0.3 0.1885 1.5 800 0.03 0.109848 0.979646 0.112131 0.273842 0.030081 

0.3 0.194 1.5 900 0.03 0.114654 0.999477 0.114714 0.262133 0.030055 

0.3 0.199 1.5 1000 0.03 0.119102 1.017505 0.117053 0.252051 0.03002 

  

bed 
width 

normal 
depth 

side 
slope 

bed 
gradient 

n Area P R V Q 

(m) (m) 1 in 1 in   (m2) m   m/s cumec 

0.3 0.1047 2 100 0.03 0.053334 0.768233 0.069425 0.562559 0.030004 

0.3 0.1249 2 200 0.03 0.06867 0.85857 0.079982 0.437179 0.030021 

0.3 0.1383 2 300 0.03 0.079744 0.918496 0.08682 0.377031 0.030066 

0.3 0.1484 2 400 0.03 0.088565 0.963665 0.091904 0.339152 0.030037 

0.3 0.1568 2 500 0.03 0.096212 1.001231 0.096094 0.312502 0.030067 

0.3 0.1638 2 600 0.03 0.102801 1.032536 0.099562 0.292099 0.030028 

0.3 0.17 2 700 0.03 0.1088 1.060263 0.102616 0.275937 0.030022 

0.3 0.1756 2 800 0.03 0.114351 1.085307 0.105363 0.262703 0.03004 

0.3 0.1806 2 900 0.03 0.119413 1.107668 0.107806 0.251495 0.030032 

0.3 0.1852 2 1000 0.03 0.124158 1.12824 0.110046 0.241885 0.030032 

  

bed 
width 

normal 
depth 

side 
slope 

bed 
gradient 

n Area P R V Q 

(m) (m) 1 in 1 in   (m2) m   m/s cumec 

0.3 0.1004 2.5 100 0.03 0.05532 0.840671 0.065805 0.542822 0.030029 

0.3 0.1192 2.5 200 0.03 0.071282 0.941912 0.075678 0.421342 0.030034 

0.3 0.1316 2.5 300 0.03 0.082776 1.008688 0.082063 0.363125 0.030058 

0.3 0.141 2.5 400 0.03 0.092003 1.059308 0.086851 0.326598 0.030048 

0.3 0.1486 2.5 500 0.03 0.099785 1.100235 0.090694 0.300676 0.030003 

0.3 0.1552 2.5 600 0.03 0.106778 1.135778 0.094013 0.281137 0.030019 
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0.3 0.161 2.5 700 0.03 0.113103 1.167012 0.096916 0.265617 0.030042 

0.3 0.1662 2.5 800 0.03 0.118916 1.195014 0.09951 0.252878 0.030071 

0.3 0.1708 2.5 900 0.03 0.124172 1.219786 0.101798 0.242058 0.030057 

0.3 0.1749 2.5 1000 0.03 0.128945 1.241865 0.103832 0.232686 0.030004 

 

Table No.16.6 Design of Field Channel for 30 lps discharge and bed width of 30 cm and n = 
0.04 

  

bed 
width 

normal 
depth 

side 
slope 

bed 
gradient 

n Area P R V Q 

(m) (m) 1 in 1 in   (m2) m   m/s cumec 

0.3 0.1285 1.5 100 0.04 0.063318 0.763313 0.082952 0.475114 0.030083 

0.3 0.1535 1.5 200 0.04 0.081393 0.853452 0.09537 0.368716 0.030011 

0.3 0.1702 1.5 300 0.04 0.094512 0.913665 0.103443 0.317822 0.030038 

0.3 0.1829 1.5 400 0.04 0.105049 0.959455 0.109488 0.285869 0.03003 

0.3 0.1934 1.5 500 0.04 0.114125 0.997314 0.114433 0.263335 0.030053 

0.3 0.2022 1.5 600 0.04 0.121987 1.029042 0.118544 0.246118 0.030023 

0.3 0.21 1.5 700 0.04 0.12915 1.057166 0.122166 0.232481 0.030025 

0.3 0.217 1.5 800 0.04 0.135734 1.082405 0.1254 0.221289 0.030036 

0.3 0.2232 1.5 900 0.04 0.141687 1.104759 0.128252 0.211786 0.030007 

0.3 0.229 1.5 1000 0.04 0.147362 1.125671 0.13091 0.203686 0.030015 

  

bed 
width 

normal 
depth 

side 
slope 

bed 
gradient 

n Area P R V Q 

(m) (m) 1 in 1 in   (m2) m   m/s cumec 

0.3 0.1213 2 100 0.04 0.065817 0.84247 0.078124 0.456487 0.030045 

0.3 0.1441 2 200 0.04 0.08476 0.944435 0.089746 0.354069 0.030011 

0.3 0.1593 2 300 0.04 0.098543 1.012411 0.097335 0.305179 0.030073 
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0.3 0.1706 2 400 0.04 0.109389 1.062946 0.102911 0.274297 0.030005 

0.3 0.1801 2 500 0.04 0.118902 1.105432 0.107562 0.25268 0.030044 

0.3 0.1881 2 600 0.04 0.127193 1.141209 0.111455 0.2362 0.030043 

0.3 0.195 2 700 0.04 0.13455 1.172067 0.114797 0.223031 0.030009 

0.3 0.2015 2 800 0.04 0.141655 1.201135 0.117934 0.212411 0.030089 

0.3 0.207 2 900 0.04 0.147798 1.225732 0.120579 0.203249 0.03004 

0.3 0.2121 2 1000 0.04 0.153603 1.24854 0.123026 0.195419 0.030017 

  

bed 
width 

normal 
depth 

side 
slope 

bed 
gradient 

n Area P R V Q 

(m) (m) 1 in 1 in   (m2) m   m/s cumec 

0.3 0.1158 2.5 100 0.04 0.068264 0.923602 0.073911 0.439914 0.03003 

0.3 0.137 2.5 200 0.04 0.088023 1.037768 0.084819 0.340981 0.030014 

0.3 0.151 2.5 300 0.04 0.102303 1.11316 0.091903 0.293711 0.030047 

0.3 0.1615 2.5 400 0.04 0.113656 1.169704 0.097166 0.263987 0.030004 

0.3 0.171 2.5 500 0.04 0.124403 1.220863 0.101897 0.243724 0.03032 

0.3 0.1776 2.5 600 0.04 0.132134 1.256405 0.105169 0.227228 0.030025 

0.3 0.184 2.5 700 0.04 0.13984 1.29087 0.10833 0.21457 0.030005 

0.3 0.19 2.5 800 0.04 0.14725 1.323181 0.111285 0.204347 0.03009 

0.3 0.195 2.5 900 0.04 0.153563 1.350107 0.113741 0.195486 0.030019 

0.3 0.2 2.5 1000 0.04 0.16 1.377033 0.116192 0.18811 0.030098 

 

 

 

 

 

 



Minor Irrigation 
 

123                                 www.AgriMoon.Com                      
 

  

  

LESSON 17. Chak Water Delivery System – Control Structures 

Introduction 

The structures on field channel include measuring device, drop/falls, Diversion Boxes, 
Turnouts, Road crossing, etc. The design, construction and other aspects of these structures 
except flow measuring devices are discussed below. The details of flow measuring devices 
are given in Lesson 19. 

17.1  Drop or Falls: 

The important structure on the field channel is a drop, or a fall. The field channel gradient 
should follow the natural slope of the land, to have minimum number of drop structures. 
However, many a times the natural slope of the lands is steeper than the allowable steepest 
gradients in field channels. In such cases, the gradients have to be flattened by providing 
small vertical drops on channels. In the vertical drop, water falls through a certain height and 
potential energy is converted into kinetic energy, thus resulting in a high velocity 
downstream. This high velocity is likely to cause erosion and damage to the channel 
downstream. It is therefore necessary to dissipate the extra energy and ensure that the 
velocity at the end of structure is reduced to non-erodible velocity. Various types of fall 
structures, developed mostly on model studies, are available. Since these structures are 
usually small structures but large in numbers, individual design is not practically feasible. 
The type designs are, therefore, used. 

The drops in the field channels are basically similar to those on the distributory or main canal 
and their functioning is the same. The only difference is that these structures are small in size 
but large in numbers and hence their construction has to be simpler. The drop basically 
consists of three components: 

− Cut-off walls, long and deep enough to prevent leakage and outflanking of channel flow 

− an opening in the channel, and 

− a stilling basin with some sort of end sill. 

All the type designs in use are basically combinations of these three, with variations in 
dimensions of each component. The conventional type designs are described below: 

17.1.1 Sloping Bed Drop (rapid): 

The sloping bed drop is one of the low cost designs. It can be used only where ood hard 
strata is available, it can be used upto 1 m drop height. Moreover, the channel has to be in 
cutting. The sketch in Figure-5.4 explains the details. This structure can be constructed with 
RCC half round 450 mm diameter pipes laid on slopping ground with energy dissipation 
arrangement at the end. 
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17.1.2 Vertical Well Type Drop: 

Another low cost structure is the vertical well type drop. It consists of a vertical well with a 
concrete bottom and two openings. One opening in the well at a higher level is on the 
upstream side and allows the water in the channel into the well. The second opening is at the 
downstream and allows water into the downstream channel from the well. The bottom of the 
two openings are at the bed levels of the upstream channel and the downstream channel 
respectively. The bed level of the well is at a lower level than the downstream opening. The 
portion of the well between the sill level of the downstream opening and the bed level of the 
well acts as a stilling basin for dissipation of the energy. A cut-off wall is also provided to 
arrest the leakage or bypassing (out-flanking) of the water. A schematic arrangement is 
shown in Figure-17.2. The length of cut-off wall should be adequate to eliminate out flanking. 

Wells have been tried with steel barrels, R.C.C. spun pipes and masonry, it is experienced 
that the R.C.C. spun pipes serve well. They can be procured very early in bulk quantity and 
erected on site. They are cheaper than masonry and equally sturdy. However, if the selected 
diameter of the well is different from standard pipe dimensions, masonry well can be used. 
RCC hume pipe of 600 mm to 800 mm diameter of required depth attached with horizontal 
RCC hume pipe of 300 mm diameter at u/s and d/s end embedded in UCR masonry head 
wall can be used as a fall. This type of pipe fall can be used as field road crossing also. The 
opening should be equal to the width of the channel. The height of the opening should be 
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about 1.5 times the depth of water in the channel. The diameter of the well has to be carefully 
selected, so that energy dissipation is satisfactory. 

 

The diameter can be selected from, 

 

where , V = the volume of the stilling basin in m3 

Hdr = Height of drop in m. 

(i.e. the difference between the sill level of upstream and downstream) 

Q = discharge of the channel in litre per second. 

Once the volume of the stilling basin is determined, the height of the stilling basin and the 
diameter of the well can be computed by selecting one parameter and calculating the other. 
The height of the stilling basin should not be less than half the height of the drop. The above 
formula gives the minimum value of the volume but a slightly greater volume is always 
welcome. 

17.1.3 Vertical Rectangular Drop: 

A commonly used type of drop is the vertical rectangular drop. At the inlet there is a vertical 
wall over which water falls from a higher level to a lower level in a vertical rectangular well. 
At the downstream, the wall of the well is dwarf. The water forms a pool in the stilling basin 
of the well and flows over the dwarf wall in the downstream channel. The bed level of 
downstream channel coincides with the top of the dwarf wall. The general arrangement is 
illustrated in Figures -17.3 to 5. 
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The walls are about 0.23 m thick in B.B. masonry and 0.4 m. thick in U.C.R. masonry with 
0.10 m concrete coping. The length, breadth and depth of the rectangular basin is to be 
designed. The commonly used formulae as per F.A.O.Paper No. 26/2 are: 

  

 where 

V = the volume of the stilling basin in m3 

Hdr = Height of drop in m. 

Q = discharge of the channel in litre per second. 

Length of basin, Lbs = 1.5 Hdr meter 

Width of basin = [V/{Lbs(Y2+dbs)}]  meters 

The depth of the basin (dbs) is from - 0.1 to 0.3 m and other dimensions are worked out by 
trial and error.  Presently, the width of the basin is kept the same as the bed width of the 
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upstream channel for ease of construction and design. As per norms, the basin depth and 
length are worked out by, 

dbs = 0.82 x Y21/3 x Hdr1/2 

Lbs = 1.33 x Y21/2(Hdr + dbs) ½ 

Where Y2 = upstream full supply depth (F.S.D.) 

Three type designs, for drops of 0.3 m. 0.6 m, 0.9 m, B.B. masonry are given in Figure 17.3, 
17.4 and 17.5 respectively. These illustrate only the general arrangements. The dimensions 
have to be modified to suit the specific conditions. 

In order to keep overall expenditure of OFD works within reasonable limits (or cost norms 
laid down by Government) the number of drops on Field Channel should be minimum. 
However, following physical norms are enumerated as guidelines and these indicate ceiling 
limits. 

S. No. Ground slope No. of drops per ha of chak 

1. Less than 1% NIL 

2. 1% - 2% ½ 

3. 2% - 3% 1 

4. Above 3% 1½ 

  

17.2  Diversion Box (DB): 

The diversion or division box is provided in the field channel where it branches off in two or 
three directions. The purpose of the box is to divert the flow into any one branch. The 
structure consists of a rectangular box with openings in the vertical sidewalls, and wing walls 
extending in the directions of the field channel and branches. If the field channel branches 
into two directions, a two way divisions box is provided while if it branches into 3, three - 
way division boxes are provided. These are constructed in situ, in brick or in stone masonry, 
depending upon the availability of the material locally. Precast concrete division boxes are 
also readily available. They can be transported in places to the site and assembled there. A 
sketch of precast two-way D.B. and rubble masonry three-way division boxes are given in 
Figure-17.6 & 17.7. The height of D.B. be restricted upto top of F.C. bank to reduce the cost. 
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Fig:17.6 Precast diversion box (Two way) 

  

Fig:17.7 Diversion box in R.R. masonry 

17.3  Turnout: 

Turnout is a structure on field channel from where water is diverted from field channel to the 
field. It is either a clay or cement spun pipe embedded in masonry. The location of the 
turnout should be such that it should be able to cater to the maximum area in the individual 
holding. The location should invariably be fixed in consultation with the farmer, so that he 
will not be tempted to open the field channel at some other location to get water. If two 
turnouts are located at one point, normally a diversion box is cheaper and serves the purpose 
equally well. A type drawing of the turnout is presented in Figure-17.8 & 17.9. In order to 
have smooth entry of water into turnout, it may be laid at 45° if possible (Figure 5.13). If the 
turnouts are more in number, dry rubble turnouts may be used to reduce the cost. Pipe 
turnout can also be used. 
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Fig.17.8 Pipe turn out 

  

17.4 Crossings: 

The channel normally runs on a local ridge or the field boundaries. A case of field channel, 
crossing the natural drain, is therefore, almost an exception. The field channel has, however, 
to cross the cart tracks in the field. In this case, the bed gradient and the alignment of the field 
channel need not be changed. A simple arrangement is to provide a spun pipe of 300-mm dia 
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(NP-3) as waterway to the field channel, fixed in two masonry headwalls. The width of the 
crossing i.e. the distance between the head walls depends on the width of the road. The 
foundation of the head walls should rest on hard strata like hard murum, or else the 
foundation treatment for soft soils may be given. A minimum cover of 30 to 45 cm of hard 
murum over the Hume pipe is necessary. Earth filling should be provided in the space 
surrounding the Hume pipe and between the head walls. A sketch of the arrangement is 
given in Figure-5.14. If there is a scope for sufficient cushioning, pipes of diameter more than 
300 mm may be used. 

 

17.5  Farm Roads: 

One of the difficulties faced by the cultivators is to take their produce out of the chak and to 
carry the inputs to the fields. The old cart track-cum-natural drains are not useful to them 
when irrigation starts. As yet, except in few states where consolidation of land holdings is 
practiced, no farm roads are constructed or planned. In a well-laid out system every farm 
should have an approach to the link road, leading further to the villages or markets. 
Therefore, it would be advisable, during the design of O.F.D. Works, to at least plan the farm 
roads and decide the crossings, so that the planning is comprehensive. As a rough estimate, 
the length of the farm roads per ha is 30 m and the number of crossing per ha. is 0.4. 
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LESSON 18. Chak Water Delivery System – Control Structures For Black Cotton Soil 

18.1 Structures in Black Cotton Soils 

The structures on the micro-distribution system are very small hydraulic structures and since 
the cost of each structure involved is comparatively low, not much attention is paid to the 
design of the foundation. It is often argued that the load of the structures is so small that the 
foundation presents no problem. But the failure cases show that the structures fail mainly 
because of developments of crack in structures, which can be attributed to volume changes in 
the foundations. Thus, the failure is not because of the load involved, but because of the 
alternate expansion and contraction in the foundations in expansive clayey soils. It is 
therefore recommended that whenever the soils met with are expansive clays, special 
treatment for foundation should be given. 

The evaluation study of O.F.D. structures in B.C. Soil carried out by D.I.R.D., Pune (March 
1988) recommends as follows: 

(i) Depth of foundation should necessarily be below the cracking depth. 

     i.e.1 to 1.2 m where actual observed data is not available. 

(ii) The foundation should be first filled with well compacted murum for the depth of about 
60 cm. 

(iii) Over this, concrete with nominal reinforcement of 15 cm depth be placed. 

(iv) Above this, will be provided U.C.R. masonry. 

(v) The extra cost of the structure with such foundation treatment will be though substantial 
but with added advantage. 

 (vi) Structures in B.C. soil should be of local material for facilitating easy repairs. 

(vii) Quality of construction plays important role in making them durable. Hence rigid 
quality control is necessary. 

(viii) Non-conventional structures like pre-cast structures are liable for tampering and are 
difficult to maintain. Moreover they are costly. Though, they facilitate quick construction, 
their life is short. Their use, therefore, should be kept to the minimum as far as possible. 

(ix) Vertical Hume pipe drops with horizontal pipe, facilitates Field Channel Crossings. 
These can be tried. Such drops would also be much cheaper and easy for construction. 

The details of typical structures in B.C. Soil are shown in Figure-18.1 to 18.4 
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18.2 Non-Conventional Structures: 

The cost of precast structures presently being used with modifications is 3 to 3½ times more 
than conventional structures. They are very costly and cannot fit into the prescribed cost 
norms. Hence their use is prohibitive. Moreover, on tampering, they cannot be easily 
replaced. 

Fiberglass structures are 1.5 to 2 times costlier than the conventional structures. But these are 
lightweight, and liable for tampering. This material lacks bondage with Field Channel 
material and is difficult to be fixed with the foundation, making it prone for undercaving. 
Considering the long life of the system, such structures are not recommended. 
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 18.3 Tips for ensuring Quality in Construction of Structures: 

(a) The concrete or mortar shall not be prepared by mixing on natural ground, due to which 
the quality gets deteriorated by mixing earth and other deteriorous materials in concrete or 
mortar. Galvanized iron sheet 1.5 m x 1.5 m shall be used as platform for mixing. The iron 
sheet may be provided with wired handle so that it can be dragged easily from one spot to 
other. 

(b) For the good quality and strength, curing of concrete and mortar shall not be ignored. If 
sufficient water for curing is not available, it can be achieved by apply curing compounds. 

(c) Earth back filling behind the structures should be done properly and compacted well. 

(d) To achieve the level of accuracies in construction of field channel and structures, the 
sequence of construction shall be as follows. 

i) Excavate field channel as per given alignment, bed gradient and cross section. 

ii) Construct Division boxes with design sill levels and check that these match with bed 
gradients as at that location. 

iii) Construct falls and crossings with required level of accuracy. 
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LESSON 19. Flow Measuring Devices For Field Channels 

Introduction 

In any irrigation systems, there should be a commitment to deliver a specific amount of water 
in a specific time to the irrigators. This means flow volume is assured. Not only the 
management staff should be able to measure the stream flow rate, but also the irrigator 
should be able to verify that the promised stream flow (30 lps. in Maharashtra) is being 
delivered to him. This facility can create a confidence in the minds of farmer towards the 
system. Reasonable accurate water measurement is also necessary to ensure proper delivery 
schedules, to determine the amount of water delivered and to estimate or detect the 
conveyance losses. It also helps in field trials and evaluation of actual irrigation efficiencies, 
etc. 

A measuring device is, therefore, fixed in the initial reach of the field channel system of every 
chak. The device should be located on a 10 to 20 m straight reach. If a drop is available in this 
portion, it can be combined with the measuring device. 

If Self-Regulated (SR) outlet is used to deliver the water, separate measuring devices may not 
be necessary as this outlet delivers almost constant discharge (upto 10% variation) under 
given modular range. 

A good measuring device indicates the discharge with preferably single guage reading and it 
should be reasonably accurate within the given range of discharge. The device should not be 
unduly sensitive to changes in the type of flow and levels of upstream and downstream, 
particularly the approach velocity in the upstream and some silting or erosion on the 
downstream. 

For small discharges the above conditions are satisfied by the following measuring devices: 

a) V-notch 

b) Cut-throat flume 

c) Replogle flume. 

If drop/fall is available, V-Notch is suitable device. If not, Replogle Flume may be selected, as 
it is easy to construct, low in cost. The Cutthroat flume if available in pre-fabricated form can 
also be used provided setting is properly worked out and executed. 

19.1 V-Notch: 

Generally 90° V-notch is quite often used to measure small discharge (say upto 30 to 40 lps) 
in field channels where falls are available. The downstream water level must be at least 15 cm 
below the vertex or crest of the notch. This implies an available drop of about 45 to 50 cm. 
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Advantages of V-notch are its low cost and ease in construction. Figure-19.1 shows the fixing 
of 90° V-notch in field channel. 

19.1.1 Discharge Formula: 

The Kindsvater-Shen formula for thin plate V-notch is: 

 

Here α is the angle of notch. For a 90° notch the formula becomes, 

                

In which 

Q = discharge in cumec 

Ce = Co-efficient of discharge, and 

H = effective head, m = h + kh 

(For a 90° notch, kh = 0.85 mm, or 0.085 cm) 

g = 9.81 m/s2 

 

For a 90° notch, the co-efficient of discharge Ce is a function of two variations h/ p and P/B. 

In which, 

P = height of the vertex of the notch above the channel bed 

B = Width of the approach channel 
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h = head above the vertex of the notch measured at a distance 4 to 5 times hmax u/s of the 
notch 

For a 90° V-notch, the value of co-efficient of discharge Ce varies from 0.58 to 0.61 with 
following limitations. 

 a) h/p should be limited from 0.2 to 2. 

b) p/B should be limited from 0.1 to 1 

c) h should not be less than 6 cm 

d) p should be nearly 10 cm 

e) The nappe should be fully ventilated. 

In general, the approach channel should be smooth, straight and rectangular for a reach not 
less than 20 times hmax, when B/hmax is less than 3 and/or hmax/p is greater than 1 (which is 
generally the condition). 

Table-19.1 gives the discharge for head h varying from 6 cm to 30.5 cm for a 90°V-notch 
taking Co-efficient of discharge Ce equal to nearly 0.68 (for greater accuracy, refer IS-9101 – 
1979. For a flow range of 30 to 70 lps in 90°V-notch, the depth of flow should be 21.5 to 30.5 
cm. ―Liquid Flow Measurement in Open Channels using Thin Plate Weirs‖ and establish the 
exact value of Ce for the given condition of the setting). 

Precaution must be taken to see that the weir plate is truly vertical after installation and at 
equal distance from channel sides. The plate should be firmly embedded either in concrete or 
masonry. The edges of the notch should be rounded smoothly so that small eddies are not 
formed near the weir. The sharp-edge is chamfered on down-stream side. 

 TABLE – 19.1 Discharge Table for Sharp - Crested 90º V notch 

Head Discharge Head Discharge Head Discharge Head Discharge 

H (cm) (lps) h (cm) (lps) h (cm) (lps) h (cm) (lps) 

6.0 1.3 12.5 7.7 19.0 21.7 25.0 43.2 

6.5 1.5 13.0 8.5 19.5 23.2 25.5 45.4 

7.0 1.8 13.5 9.3 20.0 24.7 26.0 47.6 

7.5 2.2 14.0 10.2 20.5 26.3 26.5 49.9 

8.0 2.6 14.5 11.1 21.0 27.9 27.0 52.3 

8.5 3.0 15.0 12.1 21.5 29.6 27.5 54.8 

9.0 3.4 15.5 13.1 22.0 31.4 28.0 57.3 
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9.5 3.9 16.0 14.2 22.5 33.2 28.5 59.9 

10.0 4.4 16.5 15.3 23.0 35.0 29.0 62.6 

10.5 5.0 17.0 16.5 23.5 37.0 29.5 65.3 

11.0 5.6 17.5 17.7 24.0 39.0 30.0 68.1 

11.5 6.2 18.0 19.0 24.0 39.0 30.5 71.0 

12.0 6.9 18.5 20.3 24.5 41.0     

  

19.2 Cut-Throat Flume: 

Cut-throat flume have been developed to over come the difficulties experienced in 
construction of the Parshall flumes. The shape of Parshall flume especially its bottom, 
presents some problems of construction in the interior places, where good workmanship is 
not available. In Cut-throat flume, there are only two sections, a converging inlet section and 
a diverging outlet section. The floor of the flume is horizontal. Since the flume has no 
longitudinal throat portion, it is named ―Cut-throat Flume‖. Advantages of the Cut-throat 
flume over Parshall flume are: 

 Ease of construction 
 Angles of convergence and divergence remain the same for all size 
 The rating of intermediate sizes can be developed from the available rating equations. 
 It gives nearly as accurate measurements as Parshall flume in free flow condition for 

smaller throat widths (5% errors). 
The diagrammatic sketch of the Cut-throat flume is shown in Figure-19.2. L is the total length 
of the flume. W is the throat width, L1 and L2 are the length of converging and diverging 
sections and La and Lb are the upstream and downstream gauge locations. Cut-throat flume 
is recognized by its throat width W and length L. In field channels 10x90 cm and 20x90 cm 
flumes can be used which can measure a discharge upto 54 lps and 115 lps respectively under 
free flow condition. In Table– 19.2 various dimensions for 10x90 cm and 20x90 cm cut-throat 
flumes are given. However, in order to minimize the problem of head loss and afflux it is 
advisable to use 20x90 cm flume. The total height of the flume from bottom may be restricted 
to 35 cm for economy. 

Table – 6.2 Dimensions for 10x90 cm & 20x90 cm Cut-Throat Flumes 

Throat WidthW (cm) L(cm) L1(cm) L2(cm) La(cm) Lb(cm) B(cm) 

10 90 30 60 20 50 30 

20 90 30 60 20 50 40 
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For both 10x90 cm and 20x90 cm Cut-throat flume, free flow limit (hb/ha) is 65.3%, it is 
observed that cut-throat flumes are not suitable for measurements of discharges under 
submerged flow conditions i.e. for hb/ha more than 65%. However, in order to compute 
discharges under submerged flow condition, a submerged flow equation is proposed in 
literature. It still needs full rectification. 

 

The discharge equation under free flow conditions is as below: 

Q = C Han 

Where, 

Q is discharge in m³/sec. 

Ha is upstream gauge reading in m. 

C is discharge coefficient and n is exponent depending upon flume length. 

The value of discharge coefficient C is calculated as: 

C = K.W1.025 

K is coefficient depending upon length of flume and W is throat width in m. 

For 90cm long flume value of exponent n and coefficient K are 1.843 and 3.89 respectively. 
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TABLE - 6.3 Free Flow Discharge for 10x90 cm and 20x90 cm Cut-Throat Flumes 

Upstream Head Ha (cm) 
Discharge (lps) 

Upstream Head Ha (cm) 
Discharge (lps) 

10 x 90 cm 20 x 90 cm 10 x 90 cm 20 x 90 cm 

5.0 1.5 3.0 20.5 19.8 40.3 

5.5 1.8 3.6 21.0 20.7 42.1 

6.0 2.1 4.2 21.5 21.6 44.0 

6.5 2.4 4.8 22.0 22.5 45.9 

7.0 2.7 5.6 22.5 23.5 47.8 

7.5 3.1 6.3 23.0 24.5 49.8 

8.0 3.5 7.1 23.5 25.5 51.8 

8.5 3.9 8.0 24.0 26.5 53.9 

9.0 4.3 8.6 24.5 27.5 55.9 

9.5 4.8 9.8 25.0 28.5 58.1 

10.0 5.3 10.7 25.5 29.6 60.2 

10.5 5.8 11.7 26.0 30.7 62.4 

11.0 6.3 12.8 26.5 31.8 64.6 

11.5 6.8 13.9 27.0 32.9 66.9 

12.0 7.4 15.0 27.5 34.0 69.2 

12.5 8.0 16.2 28.0 35.2 71.5 

13.0 8.5 17.4 28.5 36.3 73.9 

13.5 9.2 18.7 29.0 37.5 76.3 

14.0 9.8 19.9 29.5 38.7 78.8 

14.5 10.5 21.3 30.0 39.9 81.3 

15.0 11.1 22.6 30.5 41.2 83.8 

15.5 11.8 24.1 31.0 42.4 86.3 

16.0 12.5 25.5 31.5 43.7 88.9 
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16.5 13.3 27.0 32.0 45.0 91.5 

17.0 14.0 28.5 32.5 46.3 94.2 

17.5 14.8 30.1 33.0 47.6 96.9 

18.0 15.6 31.7 33.5 48.9 99.6 

18.5 16.4 33.3 34.0 50.3 102.3 

19.0 17.2 35.0 34.5 51.7 105.1 

19.5 18.0 36.7 35.0 53.0 107.9 

20.0 18.9 38.5 35.5 54.4 110.8 

  

For free flow condition, discharge equation for 10x90 cm flume will become. 

Q = 0.3672 Ha1.843                   (M.K.S. units) 

Discharge equation for 20x90 cm flume under free flow condition will be: 

Q = 0.7473 Ha1.843 (M.K.S. units) 

For better accuracy, upstream head Ha should be restricted to 0.4 L i.e. 36 cm. Free flow 
discharge tables for 10x90 cm and 20x90 cm cut-throat flume are given in Table-19.3. 

Regarding gauge locations, in Cut-throat flume u/s gauge is located in converging section at 
a distance equal to 2L/9 measured along the axis of the flume from the throat. The d/s gauge 
is located in the diverging section at a distance 5L/9 from the throat. 

19.2.1 Computation of Discharge for Submerged Flow Condition: 

Discharge equation for submerged flow condition (Hb/Ha)100>65%) through a Cut-throat 
flume is 

 

Where, 

Qs = discharge under submerged flow condition in m³/s, 

Cs = Submerged flow discharge coefficient, 

Ha = U/s head in m 

Hb = D/s head in m 

n = free flow exponent depends upon flume length L, 
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S = Actual submergence in fraction = (Hb/Ha) 

Ns = Submerged flow exponent depends upon flume length L, 

Cs = Ks W1.025      

Ks = Submerged flow coefficient depends upon flume length L and, 

W = Throat width in m. 

Submerged flow discharge equation for a given Cut-throat flume of size W x L can be 
developed similar to as for free flow conditions. However, it is observed experimentally that 
accuracy of flow measurement by using Cut-Throat flume is doubtful under submerged 
condition and hence not discussed. It is also advised to avoid submerged flow condition in 
Cut-throat flumes as far as possible. Example 1 explains how to establish submerged flow 
discharge equation for a given flume size W x L and then to compute discharge for observed 
gauge readings i.e. Ha and Hb. 

Example 1: 

Establish submerged flow discharge equation for 20 x 90 cm Cut-throat flume and compute 
discharge if measured gauge readings are as below: 

          Ha = 20.0 cm                           Hb = 16.0 cm. 

Solution: 

Flume size under consideration is 20 x 90 cm. For flume length 90 cm, 

n = 1.843 

Ns = 1.483 

ks = 2.15 

W = 20 cm = 0.2 m. 

Cs = Ks W1.025 = 2.15 x 0.21.025 = 0.413 

Submerged flow discharge equation for flume size 20 x 90 cm is: 

                     

Calculation of discharge if Ha = 20.0 cm and Hb = 16.0 cm 

S = (16/20) = 0.8 (Submerged flow condition) 

Put values of Ha, Hb and S in the submerged flow discharge equation, Ha = 20.0 cm = 0.2 m. 
Hb = 16.0 cm = 0.16 m. 
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         0.413 (0.2 – 0.16)1.843 

Qs = --------------------------- = 0.0349m³/S 

           (-Log100.8)1.483 

 Qs = 34.9 l.p.s. 

19.2.2 Upper Limit for U/s Head Ha and Submergence S: 

For flow measurement through a Cut-throat flume, the u/s head Ha should not exceed 0.4 x 
L and submergence should not be more than 95%. 

19.2.3 Setting of Cut-Throat Flume for Free Flow Condition: 

It is convenient to use Cut-throat flumes for free flow condition. Setting (Δ) of the flume 
means the height of sill (leveled floor of the flume) above the canal bed level. Setting (Δ) is 
calculated for the maximum discharge, Q max, supposed to flow in the canal. Setting 
involves the selection of appropriate flume size also. 

Steps involved in computation of setting (Δ) are: 

i) Select the flume size 

ii) For Q max and selected flume size, find Ha required for free flow condition from 
discharge table. 

iii) Find max. value of Hb for free flow to occur i.e. Hb = free flow submergence limit X Ha. 

iv) At this limiting condition, the water surface at d/s gauge location coincides with the 
normal depth line i.e. Yn i.e. full supply depth in channel 

v) Then setting Δ = Yn – Hb 

vi) Depth of flow in the u/s of the flume, D will be : D = Ha + Δ 

vii) Afflux caused by the flume Δ h will be; Δ h = D – Yn. 

viii) For afflux Δh, check whether sufficient free board is available or not in the u/s of the 
flume if sufficient free board is not available select the bigger size flume and repeat the steps. 

As it is likely that flume may settle down in due course of time, or there may be vegetation 
growth and silting in the d/s side (which may increase the submergence) it is the practice to 
set the flume little bit higher than the setting (Δ) worked out. 

 

 

19.2.4 Location of the Flume: 
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i) The flume should not be placed too near the off – taking point because the afflux caused 
due to the installation/construction of flume may decrease the driving head at head 
regulator or out-let head. In any channel the distance of Cut-throat flume from off-taking 
point should be calculated taking into account the afflux, back water length and allowable 
decrease in driving head. 

The length of backwater profile can be computed by direct step method given in any 
standard book on Open Channel Flow. However, an approximate method for computation of 
length of backwater profile in small canals is given below: 

L = (KX/S) 

Where, 

L = length of backwater profile = distance of flume from off-taking point in m. 

K = a coefficient = 1.5 to 1.9 

X = depth u/s of flume – allowable depth d/s of off-taking point in m 

S = bed slope of the canal. 

Allowable depth d/s of off-taking point can be determined by knowing the water surface 
level u/s of off-taking point and minimum driving head required between parent channel 
and off-taking channel. (Ref. P.W.D. Hand Book, Volume II (1960). Govt. of Maharashtra, 
Page 685) 

At the planning stage, if topography allows, afflux due to flume can be accommodated at d/s 
of flume by lowering the bed level of field channel. This will allow to install the flume not far 
away from the outlet. 

 ii) Flume should be installed/constructed in a sufficient straight reach. 

Example 2: 

Set a cut-throat flume 10 x 90 cm to measure a discharge of 30.0 lps flowing in a field channel 
with normal depth 18.0 cm. Make a comparative study with flume size 20 x 90 cm also. 

Solution: 

Q = 30.0 lps and Yn = 18.0 cm. (i.e. normal full supply depth) 

i) from free flow discharge table 19.3 for flume size 10 x 90 cm and discharge 30.0 lit/sec, 

Ha = 26.0 cm 

ii) For flume length 90 cm submergence transition. 

St = 65.3%           or                0.653 

iii) Maximum value of d/s head Hb for the free flow condition to exist. 
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Hb = St x Ha = 0.653 x 26.0 = 17.0 cm. 

iv) Height of sill (flat bottom) above canal bed, 

setting Δ = Yn – Hb = 18.0 – 17.0 = 1.0 cm. 

v) Depth u/s of flume, 

D = Ha + Δ = 26.0 + 1.0 = 27 cm. 

vi) Affux Δ H = D - Yn = 27.0 – 18.0 = 9.0 cm. 

The comparative study of 10 x 90 cm and 20 x 90 cm flume sizes for free flow condition in the 
field channel under consideration is made in the table below: 

 
 
Steps 

Particulars 
Flume size 

10 x 90 cm 20 x 90 cm 

i) U/s head Ha 26.0 cm 17.5 cm 

ii) Transition Submergence St (fraction) 0.653 0.653 

iii) D/s head Hb = St x Ha 17.0 cm 11.5 cm 

iv) Setting Δ = Yn – Hb 1.0 cm 6.5 cm 

v) U/s depth D = Ha + Δ 27.0 cm 24.0 cm 

vi) Afflux Δ H = D – Yn 9.0 cm 6.0 cm 

  

Important Points: 

i) Cut-throat flumes have the advantage over Parshall flumes in the layout of the structure i.e. 
the floor is flat bottom which facilitates the construction or fabrication simple. Cost of the 
flumes also reduces considerably. 

ii) As the angle of convergence (3:1) and divergence (6:1) are same for all flume sizes, even if 
in the construction the throat width is different than designed, there is a flexibility of using 
the same flume with modified discharge tables. 

19.3 Replogle Flume: 

Replogle flume is broad crested weir, having a sill and ramp with slope 3:1 (3 Horizontal to 1 
vertical). Profile and cross section of Replogle flume are given in Figure-19.3. The sides of the 
channel are also the sides of the flume. In the Figure, different abbreviations used are follows: 

d = constructed depth of channel: 

D1 = upstream water depth, 
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F1 = actual free broad, 

Y1 = gauge reading, 

L = sill length, 

ΔY1 = Loss of head caused by the flume, 

S = sill height, 

dm = normal depth of flow, 

Ramp length = 3xS = Three times the sill height (ramp length), 

B1 = channel bottom width, 

B3 = Channel width at sill level or sill width and 

Z = channel side slope. 

 

The gauge is located at a distance of 30 cm upstream of the ramp and its Zero must coincide 
with the sill level. The discharge equation, which consists critical flow area and critical depth 
is complicated due to the trapezoidal shape of flow area and hence is not given here. 
However, in Table-19.4, discharge are given for corresponding gauge (Y1) for three sets of sill 
heights (S) and sill lengths (L) for a channel with bottom width of 30 cm and side slopes 0.5 : 
1, 1 : 1, 1.5 : 1 and 2 : 1. 

Modular Limit: 

The sill height (S) is the most important design dimension for which the flume is very 
sensitive. Replogle flume operates satisfactorily upto 85% submergence i.e. the downstream 
water head should not be more than 85% of the upstream water head, both measured above 
the sill level. In other words loss of head ΔY1 should be least 15% of the gauge reading Y1. 
Care must be taken that the sufficient free board is available to accommodate upstream depth 
D1 (d1 = s + Y1) for the maximum designed discharge. 
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TABLE - 6.4 Discharge for Replogle Flumes in Field Channels 

Discharge 
Q (lps) 

Gauge Reading Y1 (cm) 
Channel Side Slope 

0.5:1.0 1.0:1.0 1.5:1.0 2.0:1.0 

6 3.8 3.0 2.5 2.2 

8 4.5 3.6 3.1 2.7 

10 5.2 4.2 3.5 3.1 

12 5.9 4.7 4.0 3.5 

14 6.5 5.2 4.4 3.8 

16 7.0 5.6 4.8 4.2 

18 7.6 6.0 5.1 4.5 

20 8.1 6.5 5.5 4.8 

22 8.6 6.8 5.8 5.1 

24 9.0 7.2 6.1 5.4 

26 9.5 7.6 6.5 5.7 

28 9.9 7.9 6.8 5.9 

30 10.4 8.3 7.0 6.2 

32 10.8 8.6 7.3 6.4 

34 11.2 8.9 7.6 6.7 

36 11.6 9.3 7.9 6.9 

38 12.0 9.6 8.1 7.2 

40 12.3 9.9 8.4 7.4 

42 12.7 10.2 8.6 7.6 

44 13.1 10.4 8.9 7.8 

46 13.4 10.7 9.1 8.0 

48 13.8 11.0 9.4 8.2 

50 14.1 11.3 9.6 8.5 
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52 14.4 11.5 9.8 8.7 

54 14.7 11.8 10.1 8.8 

56 15.1 12.0 10.3 9.0 

58 15.4 12.3 10.5 9.2 

60 15.7 12.5 10.7 9.4 

Advantages: 

− Simple in construction and cheap in cost 

− No upstream approach transition is required as the section of the flume is same as the 
section of the channel 

− Modular limit (free flow limit) is higher (upto 85%) the Parshall flume and Cut-throat 
flume. 

Replogle Flume for Field Channels: 

Recommended size of Replogle flume for the measurement of discharge in field channels 
(Bottom width B1 = 0.3 m) is with sill S as 0.2 m and sill length L as 0.5 m. The discharge 
table, for channel side slopes 0.5:1.0, 1.0:1.0, 1.5:1.0, 2.0:1.0 and is given in Table-6.4. 

Construction: 

Replogle flume can be constructed either in masonry or in concrete. But care must be taken to 
provide accurate side slopes throughout the length of flume, finishing, curing, etc. the sill 
height (S) should not change more than 1 percent. Wall Mounted Gauge scale is mounted on 
the sidewall of the channel at the prescribed location. As sidewalls of the channel are 
inclined, scale should be either calibrated to read vertical depths, or correction factor should 
be applied. 
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LESSON 20. Materials for lining watercourses and field channel 

Introduction 

A watercourse, as defined in the Northern India canal and drainage act, means any channel 
which is supplied with water from a canal but which is not maintained at the cost of the state 
government and all subsidiary works belonging to any such channels. The watercourses pass 
through the common land and are maintained by the farmers. Field channels carry water to 
the individual fields from the watercourse. In irrigated rice areas of the south, however, field 
channels are normally absent and the conventional practice is to irrigate from field to field 
.the overflow from the upper field irrigates the adjoining lower field and so on successively. 

20.1 OBJECTIVES OF LINING 

1) To control seepage 

2) To prevent water logging 

3) To increase the capacity of canal 

4) To increase the command area 

5) To protect the canal from the damage by flood 

6) To control the growth of weeds. 

20.2 ADVANTAGES OF LINING 

1) It reduces the loss of water due to seepage and hence the duty is enhanced. 

2) It controls the water logging and hence the bad effects of water logging are eliminated. 

3) It provides smooth surface and hence the velocity of flow can be increased. 

4) Due to the increased velocity the discharge capacity of a canal is also increased. 

5) Due to the increased velocity, the evaporation loss also be reduced. 

6) It eliminates the effect of scouring in the canal bed. 

7) The increased velocity eliminates the possibility of silting in the canal bed 

8) It controls the growth of weeds along the canal sides and bed. 

9) It provides the stable section of the canal. 

10) It reduces the requirement of land width for the canal, because smaller section of the 
canal can produce greater discharge. 

11) It prevents the sub-soil salt to come in contact with the canal water. 
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12) It reduces the maintenance cost for the canals. 

20.3 DISADVANTAGES 

1) The initial cost of the canal lining is very high. So, it makes the project very expensive with 
respect to the output. 

2) It involves much difficulties for repairing the damaged section of lining. 

3) It takes too much time to complete the project work. 

4) It becomes difficult, if the outlets are required to be shifted or new outlets are required to 
be provided, because the dismantling of the lined section is difficult. 

20.4 TYPES OF LINING 

The following are the different types of linings, which are generally recommended according 
to the various site conditions. 

1) Cement concrete lining 

2) Pre-cast concrete lining 

3) Cement mortar lining 

4) Lime concrete lining 

5) Brick lining 

6) Boulder lining 

7) Shot Crete lining 

8) Asphalt lining 

9) Bentonite and clay lining. 

10) Soil-cement lining 

20.4.1 CEMENT CONCRETE LINING 

This lining is recommended for the canal in full banking. The cement concrete lining in 
widely accepted as the best impervious lining. It can resist the effect of scouring and erosion 
very efficiently. The velocity of flow may be kept above 2.5m/sec. It can eliminate completely 
growth of weeds. The lining is done by the following steps, 

20.4.1.1 Preparation of sub-grade 

The sub-grade is prepared by ramming the surface properly with a layer of sand (about 
15cm). Then slurry of cement and sand (1:3) is spread uniformly over the prepared bed. 
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20.4.1.2 Laying of concrete 

The cement concrete of grade M  is spread uniformly according to the desired thickness 
((generally, the thickness varies from 100mm to 150mm).  After laying, the concrete is tapped 
gently until the slurry comes o the top. The curing is done for two weeks. As the concrete is 
liable to get damaged by the change of temperature, the expansion joints are provided at 
appropriate places. Normally no re-inforcement is required for this cement concrete. But in 
special cases a network of 6 mm diameter rods may be provided with spacing 10 cm center to 
center. 

20.4.2 PRE CAST CONCRETE LINING 

This lining is recommended for the canal in full banking. It consists of pre-cast concrete slabs 
of size 60cm´60cm´5cm, which are set along the canal bank and bed with cement mortar (1:6). 
A network of 6mm diameter rod is provided in the slab with spacing 10cm center of center. 
The proportion of the concrete is recommended as 1:2:4. Rebates are provided on all the four 
sides of he slab so that proper joints may be obtained when they are placed side by side the 
joints are finished with cement mortar (1:3). Expansion joints are provided at a suitable 
interval. 

The slabs are set in the following sequence 

1. The sub- grade is prepared by properly ramming the soil with a layer of sand. The bed 
is leveled so that the slabs can be placed easily. 

2. The slabs are stacked as per estimate along the course of the canal. The slabs are 
placed with cement mortar (1:6) by setting the rebates properly. The joints are finished 
with cement mortar (1:3). 

3. The curing is done for a week. 

20.4.3 CEMENT MORTAR LINING 

This type lining is recommended for the canal fully in cutting where hard soil or clayey is 
available. The thickness of a cement mortar (1:4) is generally 2.5cm. The sub-grade is 
prepared by ramming the soil after cutting. Then, over the compacted sub-grade, the cement 
mortar is laid uniformly and the surface is finished with neat cement polish. The lining is 
impervious, but is not durable. The curing should be done properly. 

20.4.4 LIME CONCRETE LINING 

When hydraulic lime, surki and brick ballast are available in plenty along the course of the 
canal or in the vicinity of the irrigation project, then lining of the canal may be made by the 
lime concrete of proportion 1:1:6.  The procedure of laying this concrete is same as that of the 
cement concrete lining. Here the thickness of concrete varies from 150mm to 225mm and the 
curing should be done for longer period. This lining is less durable than the cement concrete 
lining. However it is recommended because of the availability of the materials and also 
because of the economics. 
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20.4.5 BRICK LINING 

This lining is prepared by the double layer brick laid with cement mortar (1:6) over the 
compacted sub-grade. The first class bricks should be recommended for the work. The 
surface of the lining is finished with cement plaster (1:3). The curing should be done 
perfectly. 

This lining is always preferred for the following reasons, 

1)    This lining is economical. 

2)    Work can be done quickly. 

3)    Expansion joints are not required. 

4)    Repair work can be done easily. 

5)    Bricks can be manufactured from the excavated earth near the site. 

However this lining has certain disadvantages, 

1)    It is not completely impervious. 

2)    It has low resistance against erosion. 

3)    It is not so much durable. 

20.4.6 BOULDER LINING 

In hilly areas where the boulders are available in plenty, this type of lining is generally 
recommended. The boulders are laid in single or double layer maintaining the slope of the 
banks and the bed level of the canal. The joints of the boulders are grouted with cement 
mortar (1:3). Curing is necessary in this lining too. This lining is very durable and 
impervious. But the transporting cost the material is very high. So, it cannot be recommended 
for all cases. 

20.4.7 SHOT CRETE LINING 

In this system cement mortar is (1:4) is directly applied on the sub-grade by an equipment 
known as cement gun. The mortar is termed as shot Crete and the lining is known as shot 
Crete lining. The process is also known as gunning, as the gun is used for laying the mortar. 
Sometimes this lining is known as gunned lining. The lining is done in two ways, 

 

 

20.4.7.1 By dry mix 



Minor Irrigation 
 

154                                 www.AgriMoon.Com                      
 

In this method a mixture of cement and moist sand prepared and loaded in the cement gun. 
Then it is forced through the nozzle of the gun with the help of compressed air. The mortar 
spreads over the sub-grade to a thickness, which varies from 2.5cm to5cm. 

20.4.7.2 By wet mix 

In this process, the mixture of cement, sand and water is prepared according to the approved 
consistency. The mixture is loaded in the gun and forced on the sub-grade.This type lining is 
very costly and it is not durable. It is suitable for the old cement concrete lining. 

20.4.8 ASPHALT LINING 

This lining prepared by spraying asphalt (i.e. bitumen) at a very high temperature (about 150 
c) on the sub-grade to a thickness varies from 3mm to 6mm. The hot asphalt when becomes 
cold forms a water proof membrane over the sub-grade. This membrane is covered with 
layer of earth gravel. The lining is very cheap and can control the seepage of water very 
effectively but it cannot control the growth of weeds. 

20.4.9 BENTONITE AND CLAY LINING 

In this lining a mixture of Bentonite and clay mixed thoroughly to form a sticky mass. This 
mass is spread over the sub-grade to form an impervious membrane, which is effective in 
controlling the seepage of water, but it cannot control the growth of weeds. This lining is 
generally recommended for small channels. 

20.4.10 SOIL CEMENT LINING 

This lining is prepared with a mixture of soil and cement. The usual quantity cement is 10 
percent of the weight of dry soil. The soil and the cement is thoroughly mixed to get a 
uniform mixture. The mixture is laid on the sub-grade and it s made thoroughly compact. 
The lining is efficient to control the seepage of water, but it cannot control the growth of 
weeds.  So, this is recommended for small channels only. 

 Manning’s N value for different types of lining: 

The Rugosity co-efficient to be used in the design of dimensions of lines channel are 
tabulated below. 

 

 

 

 

 

 

Table 20.1 Recommended values of N for field channels. 
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S.No. Types of surface lining N 

1. Half round RCC spun pipes 0.024 

2. 
Pre-moulded PCC trapezoidal sections 
or PCC soil cement slabs or Shahabad stone or concrete cast in situ 

0.025 

3. UCR Masonry 0.03 

4. Murum / CNS lining 0.03 

5. Grass lining 0.04 

6. Hard murum / rock cutting 0.04 
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Module 6 - Water Productivity 

LESSON 21. Water Productivity: Definition and conceptual framework 

Introduction 

By and large, the term ‗water productivity‘ refers to the magnitude of output or benefit 
resulting from the input quantum of water as applied on a unit base. In the domain of 
agriculture, it is expressed as the net consumptive use efficiency in terms of yield per unit 
depth of water consumed per unit area of cultivation.  If the field water conveyance, 
application, storage and distribution efficiencies are accounted to depict the seepage, run-off 
and deep percolation losses (not consumed by plant; evapo-transpiration loss is included as 
an implicit component of field water balance) it would be termed as the gross irrigation 
water use efficiency. However, the term water use efficiency is a manifestation of integrated 
physical or economic land and water productivity as the numerator is the yield or equivalent 
income and the denominator is the depth of water consumed per unit land area used (tonnes 
per hectare per cm of water, for instance). When isolated as ‗water productivity‘ it becomes a 
partial productivity of one factor viz., water, irrespective of the land unit but in reference to 
the scale of production in the range of a single plant‘s effective root zone to a basin or system 
of irrigation command. As more and more water losses are incurred when the scale of 
reference expands, the apparent or relative water productivity is bound to decrease. 
However, for an increasing scale, the chances of recovering the so called ‗losses‘ of water are 
bound to increase and at one stage, may be a project or basin scale, the loss at one point will 
be a gain at another point (as deep percolation leading to groundwater recharge or run- off 
leading to surface detention and storage) for recycling. In other words, the basic net input of 
water required in the effective root zone of a plant scale is subsequently reckoned as a gross 
input of water incorporating the irrigation efficiencies (η) at farm/field level and fixing the 
flow duty (D), field duty (∆) and storage duty (S) at a system/project/basin/command level. 
 The overall conceptual framework should account for all these transformation parameters 
from scale to scale. 

21.1. Scales of Reference and Water Productivity transformations: 

The magnitude and meaning of the term ‗water productivity‘ is often changes with its scale 
of reference. Isolated scales of reference in agricultural domain can be plant/crop scale, field 
scale, project/basin/command scale, state scale and the country scale. By the same token, the 
industrial domain, drinking water supply and other usage domains can hold their own scales 
of reference. An increase in production per unit of water diverted at one scale does not 
necessarily lead to an increase in productivity of water diverted at a larger scale. The classical 
irrigation efficiency decreases as the scale of the system increases (Seckler et al., 2003). 

21.2. Agricultural Water Productivity 

Agricultural water productivity can be expressed either as a physical productivity in terms of 
yield over unit quantity of water consumed (tonnes per ha.cm of water or kg yield per kg 
water consumed) in accordance with the scale of reference that includes or excludes the 
losses of water or an economic productivity replacing the yield term by the gross or net 
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present value of the crop yield for the same water consumption (Rupees per unit volume of 
water). 

21.3. Water productivity- definition 

Water productivity is defined as ‗crop production‘ per unit ‗amount of water used‘ (Molden, 
1997).       Concept of water productivity in agricultural production systems is focused on 
‗producing more food with the same water resources‘ or ‗producing the same amount of food 
with less water resources‘. Initially, irrigation efficiency or water use efficiency was used to 
describe the performance of irrigation systems. In agronomic terms, ‗water use efficiency‘ is 
defined as the amount of organic matter produced by a plant divided by the amount of water 
used by the plant in producing it (De Wit, 1958). However, the used terminology ‗water use 
efficiency‘ does not follow the classical concept of ‗efficiency‘, which uses the same units for 
input and output. Therefore, International Water Management Institute (IWMI) has proposed 
a change of the nomenclature from ‗water use efficiency‘ to ‗water productivity‘. Water 
productivity can be further defined in several ways according to the purpose, scale and 
domain of analysis (Molden et al., 2001; Bastiaanssen et al., 2003). 

  

Stakeholder Definition Scale Target 

Plant 
physiologist 

Dry matter / transpiration Plant Utilize light and water 
resources 

Agronomist Yield / evapotranspiration Field Sufficient food 

Farmer Yield / irrigation Field Maximize income 

Irrigation 
engineer 

Yield / canal water supply Irrigation 
scheme 

Proper water location 

Policy maker $ / available water River basin Maximize profits 

  

According to Dang et al. (2001) the water productivity is defined in three different ways. The 
water productivity per unit of evapotranspiration (WPET) is the mass of crop production 
divided by the total mass of water transpired by the crop and lost from the soil. The water 
productivity per unit of irrigation (WPI) is the crop production divided by irrigation flow. 
The water productivity per unit of gross inflow (WPG) is the crop production divided by the 
rain plus irrigation flow. Water productivity with reference to evapotranspiration WPET takes 
into accounts only water evaporated or transpired and is therefore focused on plant behavior 
whereas WPI   and WPG   include not only ET but also water used in other ways for crop 
products and water that is wasted. Cabangon et al. (2001) pointed out that water productivity 
of  rice  with   reference  to  evapotranspiration  WPET     was  higher  (0.53  kg m-3 under 
transplanting as compared to dry seeding (0.48 kg m-3).  Ximing Cai et al. (2003) predicted 
the increment of global average water productivity of rice and other cereals from 0.39 kg m-3 
to 0.52 kg m-3 and 0.67 kg m-3 to 1.01 kg m-3 respectively from 1995 to 2025. He also 
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reported that water productivity of irrigated crops is higher than that of rainfed crops in 
developing countries, is lower in developed countries. 

21.4. Water productivity versus scale of references 

The definition of water productivity is scale-dependent. Increasing water productivity is then 
the function of several components at different levels viz., plant, field, irrigation system and 
river-basin. An increase in production per unit of water diverted at one scale does not 
necessarily lead to an increase in productivity of water diverted at a larger scale. The classical 
irrigation efficiency decreases as the scale of the system increases (Seckler et al.,2003). In 
India, the on-farm irrigation efficiency of most canal irrigation systems ranges from 30 to 40% 
(Navalawala, 1999; Singh, 2000) whereas, the irrigation efficiency at basin level is as high as 
70 to 80% (Chaudhary, 1997). Basin water productivity takes into consideration  beneficial 
 depletion  for  multiple  uses  of  water,  including  not  only  crop production but also uses 
by the non-agricultural sector, including the environment. Here, the problem lies in 
allocating the water among its multiple uses and users. 

Plant  scale  water  productivity  will  vary  with  plants  according  to  its  photosynthetic 
efficiency. The C3 plants are the most common crop plants (wheat, barley, soybeans…..). 
Unfortunately, they are also the least efficient assimilators of carbon dioxide from the 
atmosphere. Therefore, they must keep their stomata open more than the other plants under 
the same atmospheric conditions and, hence, they have the lowest transpiration efficiency or 
water productivity (biomass per unit water transpired). Whereas, the C4 plants  (maize, 
sorghum, sugar cane…) have an enzyme that has twice the affinity for absorbing carbon 
dioxide  as  that  in  C3  plants.  C3 plants also have photorespiration which occurs with 
photosynthesis in light and requires oxygen. This process does not occur in C4 plants. 
Consequently, C4 plants have 2-3 times higher transpiration efficiency or water productivity 
than C3 plants. Further, the CAM plants (pineapple, agave …) have the ability to assimilate 
CO2 during the night and store it in the form of organic acids. During the day the stored 
CO2 is available for producing carbohydrates by photosynthesis. This enables CAM plants to 
close their stomata during the daytime, when transpiration is the highest, and open the 
stomata at night when it is lowest. CAM plants can attain a transpiration efficiency or water 
productivity as much as 10 times that of C3 plants; however, their biomass production per 
unit land area is low (Keller and Seckler,2003). 

At field level, WPET values under typical low land conditions range from 0.4 to 1.6 g kg-1 and 
WPIP values from 0.2 to 1.1 g kg-1 (Bouman and Tuong, 2001). In wheat, the WPET was 0.65 g 
kg-1 and WPIP was 0.8 g kg-1 in Indian condition (Sharma et al., 1990). Ranvir-Singh (2005) 
 conducted an experiment on the water productivity analysis from field to regional scale at 
Sirsa district, Haryana State and concluded that at field scale, the average WPET  (kg m-3) was 
1.39 for wheat, 0.94 for rice and 0.23 for cotton, and represents its average values for the 
climatic and growing conditions in Northwest  India. Factors responsible for low values of 
WP include a high share (20 to 40%) of soil evaporation into ET for rice, percolation from 
fields and seepage losses (34 to 43% of the total canal inflow) from the conveyance system. 

Finally, WP of different farm enterprises means getting more profit per drop of water. 
Producing more crops, livestock, fish and forest products per unit of agricultural water use 
holds a key to both food and environmental security. But, for society as a whole, concerned 
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with a basin or country‘s water resource, this means getting more value per unit of water 
resource used. However, Molden et al (2003) stated the importance of working out WP 
within agriculture, water use by fisheries, forests, livestock and field crops and concluded 
that analyzing each water use  independently often leads to false conclusions because of 
these interactions. 

21.5. Water productivity improvement measures 

Water productivity could be improved either by reducing the water losses that occur in 
various ways during water conveyance and irrigation practices or increasing the economic 
produce of the crop through efficient water management techniques. Principle factors that 
are influencing water losses and water productivity of a command area are the design and 
nature  of  construction  of  the  water  conveyance  system,  type  of  soil,  extent  of  land 
preparation and  grading, design of  the  field, choice of  irrigation  methods and skill  of 
irrigators. 

21.5.1. Plant/crop level 

Identification of traits and genes using conventional and molecular breeding techniques that 
have the following specific characters to improve the water productivity at individual plant 
level (Bennett, 2003). 

•   Traits that reduce the non-transpirational uses of water in agriculture 

•   Traits that reduce the transpiration of water without affecting the productivity 

•   Traits that increases production without increasing transpiration 

•   Traits that tolerance to water logging, drought and salinity stress. 

•    Development of short duration varieties reducing the growing time from 5 months to 3.5 
to 4 months will also resulting higher water saving. 

21.5.2. Field/farm level 

Water productivity at the field level can be improved through increasing the total output per 
unit cumulative water used, reducing the unproductive water outflows and depletions and 
making more effective use of rainfall. Its reduction at field /farm level is mainly due to the 
losses occurring by seepage in the supply channel, deep percolation and occasionally runoff 
occurring in fields. Improper land leveling and grading, faulty choice of irrigation methods, 
application of excess water, frequent irrigation and faulty design of fields are the major 
factors that cause low water productivity. Water productivity of an agricultural ecosystem 
has been improved either by reducing the water losses that occur in various ways during 
water conveyance and irrigation practices or increasing the economic produce of the crop 
through efficient water management techniques 

Minimize the water use or water conservation measure 

 Proper land leveling and grading is a prerequisite for efficient water application. 
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 Lining of farm channels will reduce the water losses through seepage 

 Reducing unproductive water outflows through the following ways will also be 
helpful viz.,  minimizing idle periods during land preparation, soil management to 
increase resistance to water  flow (shallow tillage before land preparation to close 
cracks,  puddling  and  soil  compaction  etc.) and water  management  to  reduce 
hydrostatic pressure. 

 Pipes may be laid for water conveyance in farms wherever feasible to cut the water 
conveyance losses. 

Maximize the crop productivity measures 

 Proper selection of irrigation methods according to crops, soil types, topography, 
climate and stream sizes are important to secure high water productivity. 

 Introduction of water-saving irrigation techniques like drip and sprinkler will enhance 
the crop productivity. Institutional and Governmental policies will also promote the 
spread of these technologies, which could result in higher productivity. 

 Improved agronomic practices, such as site-specific nutrient management, good weed 
management and proper land leveling can increase the crop yield significantly 
without affecting ET and therefore, may result in increased water productivity (Hill et 
al., 2001). 

 Adoption of water –saving irrigation technology in rice namely System of Rice 
Intensification (SRI), aerobic rice and dry-seeded rice techniques would increase the 
water productivity of rice. 

 Optimum scheduling of irrigation is most important way of improving crop water 
productivity. 

21.5.3. Basin level 

 Conveyance loss is the main cause of reduction in water productivity at basin level, it 
can be reduced by lining canals, waterways and channels with impervious materials 
like bricks or stone masonry or bitumen clay mixture and so on. 

 Repairing  of  cracks,  holes,  burrows,  erosion  damages,  leaks  in  water  control 
structures should be done as a part of continuous maintenance. 

 Weed growth should be checked in unlined canals and water ways etc. 

 Integrated water and land management will be much helpful in enhancing land and 
water productivity. 

 Participatory irrigation management approach 

 Adoption of proper turn out system 
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LESSON 22. METHODOLOGY TO WORKOUT WATER PRODUCTIVITY 

Introduction 

The assessment of water productivity would involve a sequence of mathematical operations 
that may be in accordance with the scale of reference. The scale based models are to be 
integrated for  the  final  quantification of  agricultural  water  productivity  on  an  ultimate 
regional scale for the purpose of planning. 

22.1. Hypothetical model for all irrigation system 

By and  large  the  term  model  refers  to  the  simplified representation of  a  system.  The 
functioning of a  system is so designed that the input parameters fed in to the system are 
processed  with  appropriate  mathematical  formulae  or  expressions  or  relations  with  or 
without constrains or ranges of applications, resulting in the output parameters designed. By 
the same token, water productivity either physical or economical is the system output for 
which the input parameters and the processes of manipulation have to be enumerated. The 
hypothetical or unique water productivity model can be developed by scrupulously 
following the procedures outlined herein. 

22.2. Plant/crop scale water productivity (WP(p)): 

Here, the effective root zone of the plant/crop is the reference or datum over which the crop 
consumptive use exclusive of the inevitable gravitational irrigation system losses (seepage, 
run-off and deep percolation) is considered as the input for the single plant/crop output. In 
case of using micro-irrigation systems (Drip or Sprinkler) these losses are reduce to zero and 
the root zone gets exact replenishment through irrigation to meet the soil moisture deficit. 
The physiological processes such as photosynthesis, nutrient uptake and water stresses also 
contribute over productivity. Technically, 

Total consumptive use (CU), cm = (total number of irrigation) * 

(design depth of irrigation, cm) 

 

Where, 

Di = Layer thickness of ith layer of the effective root zone, cm 

FCi  = Field capacity moisture content (% vol.) of the ith layer 

WPi  = Wilting point moisture content (% vol.) of the ith layer 
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ASMD = Allowable Soil Moisture Depletion, % (Taken as 50%) 

i = 1,2,3…..n= no. of soil layers in the effective root zone depth 

N = total number of irrigation 

Then, water productivity on a plant/crop scale WP (p) = Y/CU and the water use efficiency 
becomes WUE (p) = WP (p)/A, where ‗A‘ is the effective area commanded by the plant. In 
accordance with the crop-crop spacing (Sc) and the row-row spacing (Sr), A = Sc*Sr. The unit 
of WP(p) can be Kg yield per Kg of water consumed or cm of water consumed and that of 
WUE(p) can be Kg yield per cm of water consumed per square metre crop area. 

The above equation holds good for a fully non-rainy season in which the consumptive use 
requirements are met only by irrigation. However, if rainfall occurs, then corrections should 
be made for including the effective rainfall as part of consumptive use. Generally, the term 
‗effective rainfall’ in the context of agriculture is construed as that proportion of rainfall 
directly going to  replenish the soil moisture deficit till field capacity of the effective root zone 
is reached. After reaching field capacity moisture level, any addition of rainfall will be 
drained down beyond the effective root zone as deep percolation loss of water or the 
ineffective rainfall. During the rainfall periods, the frequency or the interval of applying the 
design depth of irrigation gets widened. The difference between total  consumptive use 
requirement  and  the  contribution  from  effective  rainfall  is  reckoned  as  the  isolated 
contribution from irrigation only. Technically, 

 

Where, 

FC = Mean Field capacity moisture content of the effective root zone, % EM = Mean existing 
moisture content of the effective root zone, % 

As = mean apparent specific gravity of the effective root zone, 

D = Effective root zone depth, cm 

R = incident rainfall, cm and 

Re = effective rainfall, cm 

Format 1. Plant/crop level water productivity 

Crop 

Effective root zone depth (D)   :  cm 

Spacing                                  :  m  x  m 

Plant grid area (A)                   :  m2 
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Soil                                        : 

Average field capacity (FC)      :         % 

Average wilting point (WP)      :         % 

Average Apparent Specific Gravity   : 

Allowable soil moisture depletion :   % 

Runoff is assumed as Zero 

Design depth of irrigation (d), cm =  =  cm of water 

No. of irrigation (N)       :   

Rainfall(R)                            :  cm 

Effective Rainfall (Re)           :   cm 

Soil profile moisture storage changes (S):  cm 

 S= TPMCb - TPMCe 

TPMCb = Total profile moisture content at the beginning of sowing, cm 

TPMCe = Total profile moisture content at the end of harvest, cm 

22.3. Field/Farm scale water productivity (WP (f)): 

At a field scale, processes of interest are different: nutrient application, water conserving 
tillage practices, field bunding, puddling of paddy fields etc. Water enters the field domain 
by direct rainfall, subsurface flows and irrigation from a source of storage. Rainfall alone is 
considered in case of rain fed agriculture. A field or farm scale water productivity (WP (f)) is 
influenced by the inevitable irrigation conveyance, application, storage and distribution 
losses/efficiencies. Hence the total water diverted from storage accounting for these losses is 
taken as the consumptive usage. 

Then, 

CU, cm       = (N X d) + Re  +   S   =         cm ---------(3) 

Grain yield (Y) =     kg 

Crop/plant productivity = Y/CU =             kg/ cm         -------------(4) 

Technically, 

WP (f) = WP (p)/ (η), where (η) is the overall irrigation efficiency of the farm with 
gravitational irrigation system layout. In case of a micro-irrigation layout, the value of (η) 
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will be more than 95 % and almost 100% if the design is perfect. Since the scale of reference 
expands, the unit may be chosen as tonnes per cm of water consumed (t/cm). 

 

 

Conveyance Efficiency (ηc) = Wdf/Wds X 100 ------------(5) 

Application Efficiency (ηa) = Wsr/Wdf X 100  ------------(6) 

Storage Efficiency (ηs) = Wsr/Wnr X 100   ------------(7) 

Distribution Efficiency (ηd) =    ------------(8) 

Water Use Efficiency (WUE) = = (Y/A)/Wdf   ------------(9) 

Where, 
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Wds = Volume of water diverted from the irrigation source, in m3 or ha.cm; the source may 
be a well, canal distributory outlet, tank sluice outlet etc. 

Wdf = Volume of water delivered on to the field, in m3 or ha. cm 

Wro = Volume of run off, m3 or ha. cm 

Wdp = Volume of deep percolation m3 or ha. cm 

Wsr = Volume of water stored in the effective root zone m3 or ha. cm 

          = Wdf – (Wro + Wdp) 

Wnr = Volume of water needed in the root zone, m3 or ha. cm = AX d 

d = design depth of irrigation, cm =  

A= Area irrigated 

\[\overline d \] = Average depth of water stored in root zone after irrigation, cm 

\[\overline Y \] = Average of the numerical deviations of individual depth of water stored at 
different locations in the farm/field from the average depth of water stored, cm 

The overall field irrigation efficiency   η e=   η c x  η a    ----------(10) 

 Format 2. Water productivity at farm/field scale:  WP (f) 

Location     : 

Area extent of farm/field (A)   :         ha 

Source of irrigation: Wells/ Canal outlet/tanks 

Mode of conveyance: channels or lined or unlined or pipelines 

Ground water Table       : Max                     Min: 

HP of pump:        HP 

Normal discharge (Q):   lph or m3hr-1 

Average pumping hour /irrigation (t):          hr 

Total pumping hours over the crop growth period (T) :         hr 

Gross volume of water diverted from the wells (Wds) : Q*T m3or ha.cm 

Gross volume of water diverted from canal outlet:        (based on V-notch readings) Gross 
volume of water diverted from tank outlet: 
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Conveyance efficiency of farm/field  :         % 

Application Efficiency of farm/field  :         % 

Storage Efficiency of farm/field         :         % 

Distribution Efficiency of farm/field :         % 

Total deep percolation W (dp)          :         m3 

Total run off losses W (ro) :              m3 

Farm / field yield Y:       tonnes 

Gross consumptive Use CU:   m3 

Water Use Efficiency = Y/CU/A                     t/ha.cm 

Absolute water productivity = Y/Wds           t/cm 

Conjunctive water productivity: 

(Includes contributions from other sources of irrigation) 

22.4. Project/Command area scale 

In  Tamil  Nadu,  three  distinct  kinds  of  command  areas  are  in  vogue  viz.,  Canal  (or 
Reservoir)  command, Tank (system and non-system) command and Well (Groundwater) 
command. While the canal and tank commands mostly fall intact under a project operation, 
well commands occur in a scattered fashion.  When water is distributed in an irrigation 
system at a major scale like this, the important processes include allocation, distribution, 
conflict resolution and drainage. Allocation and distribution of irrigation water are primarily 
for irrigation farmers besides meeting the non-agricultural demands like domestic, industrial, 
livestock and fisheries use. 

For canal command areas, irrigation scheduling cannot be done on a micro-scale calculating 
the depth of irrigation required, frequency of irrigation and the duration of irrigation owing 
to a larger areal extent with different crops and a different system of irrigation supply 
throughout the season on a rotational basis. Here, irrigation scheduling refers to the quantum 
of water to be stored or diverted for meeting the overall command area crop and allied 
demands. The water productivity concept shall be redefined by way of incorporating the 
overall irrigation efficiency and the duty of water at storage, flow and field level. The base 
period (B) over which irrigation flow is continuous through the canal network with suitable 
time rotations at outlets for distribution, also decide upon the productivity. 

22.4.1. Canal command / Project Water Productivity (WP(c)) 

The overall productivity of this scale of reference depends ultimately on the total quantum of 
water released from storage over the base period, the area covered and the project yield. The 
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storage duty (S) includes the losses during conveyance, distribution and application over and 
above the field duty (∆) in a canal network project. 

Field duty (∆) is expressed as the seasonal water requirement for crop and related activities, 
in cm, at the tail most end area of the canal network. 

∆= CU/η    -------(11) 

where, η represents the farm/field efficiency   

Then, the  storage duty (S) = ∆/ηc   

Where, ηc  represents the overall conveyance efficiency of the canal network/ project 

The flow duty (D) in ha/cumec is devised in accordance with S and ∆ to cover the given 
command area (A) over the base period (B) of the project water supply, as,  

D = (864B) / ∆  and S = A. ∆ / ηc          ----------(12) 

As the command area/project scale is expanding the apparent losses like run-off and / or 
deep percolation would be considered for recycling or conjunctive use with canal flows. 
Then, the water productivity will be based on the total volume of water diverted from the 
irrigation source or simply the storage duty (S). 

WP (c) = Y / S      ----------------------(13) 

Where, 

Y = project yield, in tonnes and 

S = Storage duty, in ha.cm 

If S is expressed in cm as S‘ then, S‘ = S/A 

So that        WP(c)         = Y / S‘       ----------   (14) 
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23.4.2. Tank Command Water Productivity WP (t): 

Nearly 39,000 tanks exist in Tamil Nadu State as natural surface water harvesting structures 
since the olden king regimes for the purpose of irrigation and other water usage. Earlier the 
tank system had clearly defined channel network originating from the storage outlet point 
and in due course of time these channels have disappeared owing to encroachments and 
other formidable reasons.  The tanks commonly come under a non-system (isolated or 
interconnected battery) with independent or combined catchments or a system tank arcade 
hooked along rivers or streams or canals, in which water at select points is diverted into the 
tank. Streams emanating from their own catchment basins during rains feed the non-system 
tanks and the water thus stored is utilized for irrigation and other purposes during the non- 
rainy season. In case of a battery of interconnected non-system tanks, water spilling from 
previous tank is diverted to the subsequent tank. System tanks are fed by flow diversion 
from natural river streams or from a project canal network as and when surplus flows occur. 
The gross volume of water depleted from the tank storage (Sd) or the equivalent depth (Sd‘) 
in  cm,  over  the  crop  growth  season  forms  the  base  (denominator)  for   productivity 
calculations. 

WP (t) = Y/Sd      -------------------------(15) 

where, 

Y = the overall tank command yield in tonnes 

Sd = depleted volume of water from tank storage, ha.cm or Million cubic metres 

Sd‘ = equivalent depth in cm of water depleted from tank storage 

 

23.4.3. Well Command Water Productivity WP (w) 

Unlike the canal or tank commands, well commands are isolated and scattered and may also 
occur within a canal command or tank command. Absolute water productivity from an area 
fed by wells alone can be worked out if that area is away from a canal or tank command. But 
if the wells function within a canal or tank command, the conjunctive water productivity will 
be assessed on the premise that losses from canal or tank flows, contribute to groundwater 
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recharge over a certain lag period i.e. loss is transformed into a gain. Recycling this gain of 
water  as  a  conjunctive use  of  groundwater  with  surface  waters  will  help  increase  the 
irrigation  area  thereby  increasing  the  absolute  productivity  of  the  region.  Water table 
fluctuations are periodically assessed to determine if the area comes under a dark zone or 
gray zone or a white zone for having exploited the groundwater potential and leading to a 
critical stage of minimum or controlled pumping with possibilities for introducing artificial 
recharge means and structures.  Water table fluctuations, pumping hours, discharge 
variations, power of pumping unit, mode of conveyance and application, type of crop and 
method of irrigation would contribute for the fluctuations in productivity. The productivity 
can be improved if lined channels or pipelines are used for conveyance and micro-irrigation 
systems are used for application. 

WP (w) = Y/Wd   ----------------- (16) 

Where, 

Wd = volume or equivalent depth in cm of water depleted from well storage by pumping = 
(Pump discharge * total duration of pumping over the crop growth season) / Area of 
cultivation 

All the above scales of reference shall be suitably formatted for input data, processing models 
and output units of productivity. The overall physical or economic productivity of a region 
shall then be worked out integrating the above scales. 

Format 3. Water productivity at Project/Command area scale: 

Project:       Tank/canal/Well 

Command area (A)        :         ha 

Crops and distribution area:   ha 

Field duty (  ):      cm 

Storage duty (S):  Mm3 ha.cm 

Flow duty (D):     ha/cumec 

Seasonal ET from entire command:  cm 

(Use Penman- Monteith method) 

Consumptive duty (C):                       Mm3 ha.cm 

Storage – consumptive gap (S-C):      ha.cm 

Over all project efficiency = ηo  = ηfc. ηdt. ηbc. ηmc.(1-ηgw)  ----(17) 

ηfc     = Field channel efficiency 

ηdt    = Distributory efficiency 
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ηbc    = Branch canal efficiency 

ηmc   = Main channel efficiency 

ηgw      = Ground water recharge efficiency (percolation loss from field) 

S       = C/ηo    or                    ηo    = C/S 

Project yield (physical crop wise) Yc  :         tonnes 

Project economic yield: Yc‘s equivalent income or monetary benefit (Ic) 

WP (p) = Yc / S                or Ic / S                        --------------- (18) 

22.5. Implications for integrated system water productivity 

The physical water productivity (WPP) tends to decrease at a drastic rate towards the scale 
expansion to farm/field level from the ideal plant/crop level with the potential productivity. 
The reason attributes is runoff and deep percolation losses, resulting in reduced  efficiency 
 levels  and  an  increased  water  demand  at  the  field  inlet for diversion from the irrigation 
source. 

 

From farm/field scale the rate of reduction in productivity decreases towards a distributory 
scale and thereupon it may attain constancy due to the effects of ground water conjunctive 
use and recycling from water harvesting structure for supplemental irrigation. Productivity 

can be improved upon by these effects. 
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LESSON 23. Water Productivity Vs Scale of references under different irrigation systems – 

case study results 

Water productivity under different scale levels viz., plant, field and distributory level were 
studied in three different irrigation systems viz., canal, tank and well irrigation. In canal 
irrigation system, four river basin areas of Tamil Nadu viz., Parambikulam Aliyar Project 
(PAP), Lower Bhavani Project (LBP), Periyar Vaigai and Tampiraparani river basins were 
taken to work out the water productivity at different scale of references. Data were collected 
using field visits to the canal commands and also necessary information was collected from 
the project records. Wherever possible measurement were taken and verified. In canal 
irrigation system, ground nut is a predominant  crop in Parambikulam Aliyar Project (PAP), 
whereas in the other three river basins rice is the major crop. The details of water 
productivity under different scale level in various irrigation systems are presented in Table 
23.1. The detailed calculations are given for PAP is presented below. For other computation 
details please refer to 

http://nrlp.iwmi.org/PDocs/DReports/Phase_01/10.%20Water%20productivity%20at%20d
ifferent%20scales%20-%20Palanisamy%20et%20al.pdf 

23.1 WORKSHEET - WATER PRODUCTIVITY IN PAP 

Name of the river basin                    : Parambikulam Aliyar Project 

Name of the branch canal                 : (15.4 Km) Udukkampalayam 

Name of the distributory                   : 3rd  right Udukkampalayam 

Total command area of the distributory: 27.80 Acres 

Discharge rate of the distributory     : 101.52 lits/sec 

Base period of water flow                 : 135 days 

Break in water flow                          : once in 16 days, one week break 

Length of the distributory                 : 1.2 Km 

Number of wells                               : 24 

Number of bore wells                       : 46 

Name of study area                           : Udukkampalayam 

Major crops                                      : Groundnut, Coconut 

 

I.  Plant/crop level 

http://nrlp.iwmi.org/PDocs/DReports/Phase_01/10.%20Water%20productivity%20at%20different%20scales%20-%20Palanisamy%20et%20al.pdf
http://nrlp.iwmi.org/PDocs/DReports/Phase_01/10.%20Water%20productivity%20at%20different%20scales%20-%20Palanisamy%20et%20al.pdf
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Name of the crop                              : Groundnut 

Variety                                              : ALR-2 

Duration                                           : 105 days 

Productivity                                      : 1700 kg /ha or 680 kg /acre 

Season                                              : Dec-March (Margali pattam) 

Crop Co-efficient value                      : 0.4:1.1:0.3 for initial, mid and end 

period Total crop evapotranspiration   : Pan evaporation X Crop Co-efficient 

factor Early stage (0-35 days)             : 53.2 mm 

Mid stage (36-90 days)                     : 351.45 mm End 

stage (91-105 days)                          : 29.25 mm Total 

Crop ET    : 433.9 mm 

Individual plant yield: 

(Yield acre-1/No. of plants acre-1): 680 kg/ 1, 33,333.33 =0.0051 kg 

Individual plant consumptive use: 

(Total crop ET acre-1/No. of plants acre-1):1735.6 m3/1, 33,333.33=0.013m3 

Individual plant net economic yield: 

(Net profit acre-1/ No. of plants acre-1): Rs.4160/ 1, 33,333.33 = Rs.0.0312 

Physical water productivity: 

(Yield/consumptive use): 0.0051 kg/0.013 m3 =0.39 kg/ m3 of water 

Economic water productivity: 

(Net profit/consumptive use): Rs.0.0312/0.013 m3 = Rs. 2.40 /m3 of water 

 II. Field/farm level 

Name of the crop                              : Groundnut 

Area                                                  : one acre 

Soil type                                           : Black sandy lam 

  Average farm yield                           : 680 kg / acre 
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Price of produce                                : Rs. 12 / kg 

Irrigation source                               : Canal water + ground water 

Irrigation method                              : Surface irrigation 

Total quantity of irrigation water: 

Canal source 

Discharge rate from channel to field X Hours/irrigation X No. of irrigation. 

= 12 (lits/sec) X 3600X6.5 (hours per irrigation) X 5(irrigations) 

= 1404 m3 

Groundwater source: 

Discharge rate motor pump X Hours/irrigation X No. of irrigation. 

= 12 (l/s) X 3600X6.5 (hours per irrigation) X 6(irrigations) 

= 1684.8 m3 

Total water used for irrigation: Canal source + groundwater source = 3650.4 m3 

Effective rainfall during crop period: 75 mm = 300 m3 / acre of land 

Total water used for raising groundnut: total irrigation water + effective rainfall 

= 1404+1684.4 + 300 

= 3388.8 m3 

Physical water productivity: 

Average farm yield (kg/acre)/ total water used for raising particular crop (m3) 

= 680/3388.8 

= 0.20 kg / m3 of water 

Economic water productivity: 

(Net profit (Rs./acre) / total water used for raising particular crop (m3) 

= Rs. (8160-4000)/ 3388.8 m3 

= Rs. 1.23 /m3 of water 

 III. Distributory level 
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Distributory discharge rate 

The discharge rate was calculated by using Manning‘s formula 

Q       = (b + zd) d * (1/n) * (d/2) (2/3) * √S 

Where, 

b – bottom width of channel 

z- slope of the channel 

d – depth of water flow 

Q- Discharge rate 

Q = (0.3+(1*0.3))0.3 * (1/ 0.025) * 0.15 (2/3) *√ (0.025) 

= 101.52 l /s 

Total water discharged from the channel 

= discharge rate X Base period of water flow 

= 101.52 X 85 X 24 X 3600 

= 745562.9 m3 

Groundwater source: 

For groundnut = quantity of water used /acre X total crop area 

= 1684.8 X 48 = 80870.4 m3 

For coconut       = 4020 X 83 = 333660 m3 

Total water used for irrigation: 

Effective rainfall from distributory during cropping period: (70 % of total rainfall is assumed 
as effective rainfall) 

For groundnut = Effective Rainfall /Cropped area 

= 70 mm X 48 acres = 13440 m3 

For coconut       = 487.2 X 83 = 161750.4 m3 

Actual water used for raising crop = canal water + ground water + Effective rainfall = 
745562.9 + 414530.4 + 175190.4 = 1335283.7 m3 

Distributory output 



Minor Irrigation 
 

175                                 www.AgriMoon.Com                      
 

Total groundnut production in the distributory = 40411.25 kg 

Coconut production = 5810000 nuts and 

it was converted to groundnut equivalent yield = 484166.6 kg 

Total output       = 185661.25 kg groundnut equivalent yield 

Physical water productivity: 

Total economic production from the distributory (kg) / total water used in the distributor 
(m3) = 185661.25 kg/ 1335283.7 m3 of water 

= 0.14 kg / m3 of water 

Economic water productivity: 

(Net profit from the distributory / total water used in the distributory (m3) 

(Total groundnut equivalent yield was divided by per acre yield (680 kg) to get total number 
of groundnut area (273.03 acres) and per acre net income (Rs.4160) was multiplied with that 
area. So, total net profit was Rs.1135810. 

= Rs.1135810/ 1335283.7 m3 

= Rs.0.85 /m3 of water 

  

Table 23.1. Physical and economic water productivity under different irrigation systems 
with different scale of reference in Tamil Nadu 

Scale of 
References 

Total water used (m3) 

Output Water Productivity 

Physical 
(kg) 

Economic 
(Rs.) 

Physical 
(kg/m3) 

Economic 
(Rs./m3) 

I. Canal system 

1. Parambikulam Aliyar Project (PAP) 

Plant/ crop level 0.013 0.0051 0.0312 0.39 2.40 

Field level (0.4 ha) 3388.8 680 4160 0.20 1.23 

Distributory level 1335283.7 185661 1135810 0.14 0.85 

2. Lowe Bhavani Project (LBP) 

Plant/ crop level 0.0180 0.0131 0.029 0.73 1.61 
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Field level (0.4 ha) 5473.5 2200 7000 0.40 1.28 

Distributory level 833824.4 213796 621952 0.26 0.75 

3. Vaigai River Basin 

Plant/ crop level 0.020 0.014 0.033 0.70 1.65 

Field level (0.4 ha) 6931.25 1650 4390 0.24 0.63 

Distributory level 2486534.4 396000 1053600 0.16 0.42 

4. Tampiraparani River Basin 

Plant/ crop level 0.028 0.017 0.068 0.60 2.43 

Field level (0.4 ha) 7909.4 2100 7100 0.27 0.90 

Distributory level 37647968.0 3549038 12066949.5 0.09 0.30 

II. Tank system 

Plant/ crop level 0.0202 0.0095 0.007125 0.49 0.35 

Field level (0.4 ha) 11608.1 3160 2375 0.27 0.20 

System level 3099174 821000 954750 0.26 0.30 

III. Well system 

Plant/ crop level 

Maize 0.048 0.050 0.21 1.04 4.38 

Banana 6.6 8.5 59.70 1.28 8.99 

  

From the results, it is clearly understood that there was a considerable reduction in water 
productivity under field level (0.20 kg groundnut/ m3 of water in PAP, 0.40 kg rice / m3 in 
Lower  Bhavani  project  (LBP),  0.24  kg  rice  /  m3   in  Vaigai  and  0.27  kg  rice  /  m3   in 
Tampiraparani river basin) as compared to individual plant/ crop level (0.39 kg groundnut/ 
m3 of water in PAP, 0.73 kg rice / m3   in LBP, 0.70 kg rice / m3 in Vaigai and 0.60 kg rice / 
m3 in Tampiraparani river basin) mainly due to losses through seepage, deep percolation and 
runoff in the canal irrigation systems. Among the four canal irrigation projects, Lower 
Bhavani project was recorded higher productivity at plant level (0.73 kg/ m3) as well as at 
farm level (0.40 kg/ m3) compared to other projects. At distributory level, conveyance losses 
caused reduction in water productivity which means that more quantity of water is being 
used for crop cultivation. So water productivity has a negative relationship with the scale of 
reference that is expansion of boundary of command area (Fig 23.1). 
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In the case of tank irrigation, Srivilliputhur Big tank in Ramanathapuram district of Tamil 
Nadu was taken for the study as the data on most of the parameters of water productivity 
calculations were available.  The results showed that there was a reduction in water 
productivity when the scale of reference has increased. The physical water productivity of 
rice was higher under individual plant level (0.47 kg / m3) followed by field level water 
productivity (0.30 kg / m3) and comparatively lower water productivity was recorded under 
tank system level. 

Similarly, the water productivity under well irrigation system was studied at farmers‘ fields 
of Coimbatore district where well irrigation is being predominantly practiced. Maize and 
banana were the major crops considered to workout the water productivity. Well irrigation 
system is having different field crops as well as allied enterprises whereas other systems are 
having predominantly rice crop only except Parambikulam Aliyar Project (PAP), where 
groundnut is the major crop. So multiple water uses was studied in different farm enterprises 
at farmers‘ holdings in working out the water productivity. Farms with crops alone, crop + 
dairy and crop + fishery were analysed in this study. The results showed that the farm, 
which is having allied enterprises along with crops registered higher water productivity over 
the farms with crops alone. Comparing the different combination of farm enterprises, crop + 
fishery system has resulted in higher water productivity (Rs.41.43/ m3) followed by crop + 
dairy combination (Rs.11.27/ m3) and the lower water productivity of Rs.9.64/ m3 was 
observed with crops alone. Details of calculations on multiple water use at farm level under 
well irrigation are given in Annexure II of 

http://nrlp.iwmi.org/PDocs/DReports/Phase_01/10.%20Water%20productivity%20at%20d
ifferent%20scales%20-%20Palanisamy%20et%20al.pdf 

In short, among the different irrigation systems, well system has comparatively higher water 
productivity both in physical and economic terms due to controlled irrigation application, 
comparatively higher crop yields and multiple crops/ enterprises combinations. Whereas in 
canal and tank system, mono cropping, uncontrolled irrigations, and scarcity of water during 
critical crop periods result in lower water productivity. 

http://nrlp.iwmi.org/PDocs/DReports/Phase_01/10.%20Water%20productivity%20at%20different%20scales%20-%20Palanisamy%20et%20al.pdf
http://nrlp.iwmi.org/PDocs/DReports/Phase_01/10.%20Water%20productivity%20at%20different%20scales%20-%20Palanisamy%20et%20al.pdf
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23.2. Technical and Irrigation Efficiencies 

The technical efficiency of farmers in terms of using improved technology for higher 
productivity in different irrigation systems viz., canal, tank and well irrigation systems and 
four  river  basin  projects  namely  Lower  Bhavani,  Periyar  Vaigai,  Tamparaparani  and 
Parambikulam  Aliyar  projects  is  present  in  Table  23.2.  Farms irrigated with well water 
produced comparatively higher technical efficiency (77.30%), followed by canal system 
(71.44%) and tank system (70.3%).  Farms of Lower Bhavani project had the highest average 
technical efficiency (74.56%) followed by farms in Periyar Vaigai, Tamparaparani and 
 Parambikulam Aliyar projects. The average technical efficiency of all the farms in 
Tamparaparani project was 71.09%. This means that 26.91% increase in production is 
achievable with the present state of technology with no change in input levels if technical 
inefficiency is completely removed.  Parambikulam Aliyar project farms had the least 
average technical efficiency of 67.69%. An analysis of the figures in Table 23.2 reveals that 
69.65% of farms in well system and 56.79 farms in tank system were having more than 70% 
technical efficiency. In canal projects, 27.11 % farms in Parambikulam Aliyar project and 
about 30.9 % of the farms  in Tamparaparani project produced the technical efficiency of 
above 80% thus indicating that there is much  scope for increasing the usage of inputs in 
these projects compared to other projects. About 48.15 % of the farms in Periyar Vaigai and 
46.55% farms in Lower Bhavani project were having 80% or more technical efficiency. In all 
the four projects, majority of farms comes under more than 70% technical efficiency and 
about 10% of farms in all  the projects were having less than 50% technical efficiency 
indicating the scope for making interventions in improving the productivity. 

Table 23.2. Frequency distribution of Technical Efficiency (TE) ratings of farms in 
different irrigation system 

  
  
Projects 

Canal system 

  
  
Tank system 

  
  
  
  
Well system 

 

  
  
Tampiraparani 

Periyar 
  
Vaigai 

Parambikulam 
  
Aliyar 

Lower 
  
Bhavani 

 

TE (%) 
 

<20 
  
0 

  
0 

  
0 

  
1 

  
0 

  
0  

20-30 
  
1 

  
0 

  
2 

  
1 

  
1 

  
1  

30-40 
  
1 

  
0 

  
2 

  
1 

  
3 

  
1  

40-50 
  
4 

  
7 

  
3 

  
2 

  
6 

  
2  

50-60 
  
5 

  
6 

  
11 

  
3 

  
15 

  
3  
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60-70 
  
13 

  
8 

  
10 

  
7 

  
10 

  
7  

70-80 
  
14 

  
7 

  
15 

  
16 

  
19 

  
6  

80-90 
  
15 

  
22 

  
16 

  
20 

  
15 

  
12  

90-100 
  
2 

  
4 

  
0 

  
7 

  
12 

  
14  

N 55 54 59 58 81 46 
 

Mean 71.09 72.4 67.69 74.56 70.3 
  
77.30  

Maximum 93.08 92.13 89.86 95.8 99.4 
  
98.58  

Minimum 26.95 40.50 29.25 13.8 23.2 25.70 
 

 

Given the levels of technical efficiencies across four projects, it is important to examine how 
the irrigation efficiencies vary across them as irrigation is the key factor that will affect the 
technical efficiency. The irrigation efficiency frequencies are given in Table 23.3. It reveals 
that the average irrigation efficiency of the farms in all the four projects is 42.14 % indicating 
that retaining all other inputs at the current usage level, 57.86 % of the current level of 
irrigation water is sufficient to produce the current level of output while using 42.14 % less of 
irrigation water. 

Table 23.3. Frequency distribution of Irrigation Efficiency (IE) ratings of farms in different 
irrigation systems 

  
Projects 

Canal system 

  
Tank 
system 

  
  
Well 
system 

 

  
Tampiraparani 

Periyar 
  
Vaigai 

Parambikulam 
  
Aliyar 

Lower 
  
Bhavani 

 

IE (%) 
 

<20 11 8 5 5 10 4 
 

20-30 10 9 12 5 15 1 
 

30-40 11 9 17 9 17 3 
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40-50 9 13 10 15 8 2 
 

50-60 7 6 5 5 8 6 
 

60-70 3 5 4 11 6 5 
 

70-80 4 2 3 4 6 8 
 

80-90 0 2 3 3 3 5 
 

90-100 0 0 0 1 8 12 
 

N 55 54 59 58 81 46 
 

Mean 38.47 41.30 40.98 47.82 46.0 66.35 
 

Maximum 78.13 84.20 83.74 93.26 99.0 98.73 
 

Minimum 2.98 10.88 8.04 4.65 1.2 0.00 
 

        
  

 

An analysis of irrigation efficiencies across the different irrigation systems, higher irrigation 
efficiency of 66.35% was noticed under well irrigation system, followed by tank system 
(46.0%) and canal system of irrigation. Among the four canal irrigation projects, Lower 
Bhavani project produced higher irrigation  efficiency of 47.82% whereas Tamparaparani 
project showed the lowest efficiency of 38.47%. In well system, more than 90% irrigation 
efficiency was observed in 12 farms and in tank system it was 8 farms. Irrigation efficiency of 
 more than 50% was observed in  more  number of  farms  in  Lower Bhavani  project 
(41.37%), followed by Periyar Vaigai (27.7%), Tamparaparani (25.45%) and Parambikulam 
Aliyar (25.42%). While analyzing the break-ups in irrigation efficiency, around 40-50% of 
irrigation  efficiency  was  noticed  in  13  out  of  54  farms  in  Periyar  Vaigai  project.  In 
Tamparaparani project, out of 55, 21 farms come under less than 30 % irrigation efficiency 
whereas in Lower Bhavani project only 10 farms out of 58 were shown less than 30% 
efficiency. The results thus indicate that in the canal irrigation  systems, improving the 
irrigation  efficiencies  is  important  and  which  in  turn  will  help  achieve  the  increased 
technical efficiency. 

 

 

Module 7 - Tank & Tube well irrigation 
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LESSON 24. Tank irrigation 

Introduction 

Minor irrigation schemes from surface water are essentially tanks (small reservoir). Tank 
irrigation has existed in India from time immemorial, and has been important particularly in 
southern India. However, since 1960-61 the rapid expansion in well irrigation and the poor 
maintenance of tanks have combined to cause a drop lank irrigation‘s share of the total 
irrigated area to only 10 per cent. The overall growth rate of tank irrigated area was -0.6 
percent between 1961 and 1996. But in the first half of the period, 1951-67, it was 1.6 per cent 
before it dropped to -1.6 percent between 1967-96, showing that the decline occurred during 
the last three decades. The growth rate of the area irrigated by other sources, particularly 
canals and wells has risen during this period, with wells showing the highest growth rate of 
4.4 per cent. 

The first census (1986-87) of Minor Irrigation schemes showed that there were 5,07,212 minor 
irrigation tanks in use in the country (excluding Rajasthan where no census was conducted). 
The southern region consisting of Andhra Pradesh, Tamil Nadu, Karnataka and Kerala, 
accounted for about 65 per cent of the irrigated area under tanks. (Table 24.1). Besides these, 
Madhya Pradesh, UP and West Bengal also have a large number of tanks in their respective 
States. 

24.1 Tank Irrigation in South India 

Tanks are a common feature of the south Indian cultural landscape and many were built in 
the 18th and 19th centuries by kings, zamindars and even the British rulers. Tanks are one of 
the important and oldest sources of irrigation and though they are found in all parts of India, 
they are concentrated in the Southern states of Andhra Pradesh, Tamil Nadu and Karnataka. 

TABLE-24.1 Net Area Irrigated by Tanks in India, 1985-86 

State 
Area irrigated 
by Tanks 
(thousand hectares) 

Change per year Proportion of tank irrigation of total Irrigated land 

  1970-71 1985-86  % % 

Andhra Pradesh 1112 785 - 1.95 264 

Bihar 189 121 -2.39 3.0 

Gujarat 37 41 + 0.72 2.9 

Karnataka 365 242 -2.25 26.7 

Kerala 73 44 -2.65 14.8 

Madya Pradesh 130 145 + 036 75 

Maharaslra 205 281 +2.47 16.2 
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Orissa 168 234 + 2.62 22.2 

Rajastan 270 204 -163 9.1 

Tamil Nadu 898 672  -1.68 26.8 

Uttar Pradesh 371 152 - 3.94 3.9 

West Bengal 302 263 - 0.80 19.5 

All India 4113 3070 -1.69 10.4 

 

Source: Palanisami K and Easter KW (2000) Tank irrigation in the 21st century- what next? 
Discovery Publishing House, New Delhi. pp 23. 

Unlike the northern region, the rivers in the south are mostly seasonal and the plains are not 
much extensive. Further, the geology is not favourable for groundwater storage. The local 
topographic variations have been effectively exploited to impound rainfall in tanks which are 
used to raise irrigated rice crops and simultaneously serve as means of improving 
groundwater recharge in their command areas. Tanks play vital role in the irrigation of Tamil 
Nadu where 20.4 per cent of the net irrigated area is watered through tanks. Andhra Pradesh 
(16.1%), Kerala (13.1%), Orissa (14.6%), and Karnataka (9.9%) in the Peninsular India and 
West Bengal (7.4%), Bihar (4.3%) and Rajasthan (0.77%) in the northern plains have sizeable 
net irrigated area irrigated through tanks. The area under tank irrigation increased from 36.13 
lakh hectares in 1950-51 to 45.61 lakh hectares in 1960-61. Between 1970-71 and 2000-01 it 
declined from 41.12 lakh hectares to a minimum of 25.24 lakh hectares. 

24.1.1 Andhra Pradesh 

In Andhra Pradesh as many as eight districts are drought prone and tanks are the main 
source of water supply. Tanks were built in a series to avoid wasting water. The total number 
of tanks in the state during 1959-62 was 58,518 comprising 49711(85 per cent) irrigating less 
than 40 ha and the remaining irrigating more than 40 ha, However, the total number of tanks 
increased to 76,663 by 1988-89 with the addition of new tanks. Still, the number of tanks 
irrigating more than 40 ha has been reduced from 8,811 in 1955-56 to 7743 in 1986-89. Most of 
the decline in tanks is found in the drought prone areas of the state, where well irrigation is 
now the dominate source of irrigation. There was about a 28 per cent decline in the tank 
irrigated area between 1960s and 1980s, whereas well irrigated increased from 160,925 ha to 
575,333 ha (i.e., 257 per cent increase) from 1959-62 to 1986-89. 

24.1.2 Karnataka 

Nearly 75 per cent of the Karnataka is drought prone and the state has about 36508 tanks of 
varying sizes with an irrigation potential of about 0.65 m.ha. The Malnad region (Shimoga, 
parts of Dakshina Kannada and Uttara Kannada ) has about 25 per cent of the total tanks in 
the state. Generally the tanks are small in size and harvest rain. Tanks in the Northern 
plateau (Belgaum, Dharwar, Bijapur, Bellary, Raichur, Gulberga, and Bidar) account for only 
15 per cent) of the total tanks. In the Southern plateau (Chitradurga, Tumkur, parts of 



Minor Irrigation 
 

183                                 www.AgriMoon.Com                      
 

Chikmagalur, Hassan, Kadagu, Mysore, Mandya, Bangalore and Kolar), tanks are well 
distributed and account for 60 per cent of the total tanks. About 38 per cent of the tanks have 
a command area of less than 4 ha and large tanks with command area of more than 200 ha 
account for only about 1.4 per cent of the total number. Tanks with command area between 4 
and 20 ha account for about 60 per cent and tanks with a command area between 20 and 200 
ha account for about 10 per cent. 

24.1.3 Tamil Nadu 

There are more than 39,000 tanks in the State, of varying sizes and types. The tanks are 
classified into system tanks (which receive supplemental water from major streams or 
reservoirs in addition to the yield of their own catchment area) and non-system or rainfed 
tanks which depend on the rainfall in their own catchment area and are not connected to 
major streams or reservoirs. The tanks are also classified into Panchayat Union, PWD and ex-
zamin tanks based upon the management authority. Panchayat Union tanks have a 
command area of less than 40 ha, and are under the control of village communities 
(Panchayat union). Those tanks having a command area of more than 40 ha as well as all the 
system tanks are maintained by PWD. Ex-zamin tanks were constructed by zamindars 
(landlords) during the British administration. After abolishment of zamindari system by the 
State government in 1957, they were transferred to Panchayat Union and PWD based upon 
the sizes of command areas. Out of the total of 39,000 tanks in the State, 53 percent are PU 
tanks, 22 per cent are PWD tanks and 25 per cent are ex-zamin tanks. There are about 9,800 
ex-zamin tanks, of which more than 60 per cent are concentrated in the undivided 
Ramanathapuram district. About 9 per cent of total tanks are system tanks while rainfed 
tanks of the PWD, Panchayat Union, and ex-zamin tanks account for 13 per cent, 53 per cent, 
and 25 per cent of the total number of tanks in the State, respectively. 

24.2 Classification of Tanks 

Tanks are normally classified into system and non-system tanks. System tanks are those, 
which receive, water from nearby major streams or reservoirs in addition to the run-off from 
their catchment. Often these tanks enable farmers to raise more than one crop. Non-system 
tanks depend on rainfall and are not connected to a river system. Usually a single crop is 
raised under these tanks (Palanisami, 1981). Non- system tanks are often linked with the 
other tanks, thus forming a series of tanks. During times of heavy rainfall, the surplus water 
from upper tank will flow to the lower tanks. In the non-system tanks, the command to 
catchment area ratio may vary from 1:6 (in a high rainfall area) to 1:15 (in a low rainfall area). 
In system tanks, the ratio is smaller; and ranges train 1:2 to 1:5. 

Tanks are also classified based on the size of command area or on the type of maintenance 
responsibility. Normally, after standardization, tanks are classified as major or minor tanks. 
Major tanks irrigate an area of more than 80 hectares and minor tanks irrigate less than 80 
hectares. However, the maintenance responsibility is based on a different size classification. 
In Tamil Nadu, tanks of more than 40 hectares are the responsibility of the PWD while 
smaller tanks are under the control of Panchayat Unions for maintenance. About 7.300 tanks 
irrigate more than 40 hectares each, while about 31,900 tanks irrigate less than 40 hectares. 
Thus in numbers, small tanks are the most important to the state. The responsibilities for tank 
management also vary among the different states (Table -24.2). In all the states, the local 
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village is responsible for water distribution and management of the tanks with a command 
area below 40 ha. 

TABLE-24.2 Tank Management Responsibilities in Four Indian States 

State 
Tank 
command 
area(ha) 

Public Works Department 
Revenue 
Department 

Village 

Andhra 
Pradesh 

<40 ha 
  

-- Revenue Collection 
Maintenance & 
Repair Water 
Regulation 

  40-400 ha Maintenance and Repair 
Revenue Collection 
& Water Regulation 

-- 

  > 400 ha 
Maintenance & Repair Water 
Regulation 

Revenue Collection -- 

Karnataka 
<40 ha 
  

-- Revenue Collection 
Maintenance & 
Repair Water 
Regulation 

  40-80 ha Maintenance and Repair Revenue Collection 
Water Regulation & 
supervision 

  > 80 ha 
Maintenance & Repair Water 
Regulation 

Revenue Collection -- 

Maharastra 
<100 ha 
  

-- Revenue Collection 
Maintenance & 
Repair Water 
Regulation 

  
>100 ha 
  

Maintenance, Repair, Water 
Regulation & Revenue 
Collection 

    

Tamil Nadu 
<40 ha 
  

-- Revenue Collection 
Maintenance & 
Repair Water 
Regulation 

  
>40 ha 
  

Maintenance & Repair 
Revenue Collection 
& Water Regulation 

  

Source: Palanisami K and Easter KW (2000) Tank irrigation in the 21st century- what next. 
Discovery Publishing House, New Delhi. pp 34-35. 

 

24.3 The issues of Tank Irrigation- Tamil Nadu experience 
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Tank irrigation, in certain parts of India, provides a good alternative for irrigation 
development. Tanks can have a wider geological distribution than large scale projects. 
Income distribution and employment generation effects are not limited to one area. Tank 
investments tend to be less capital intensive, have fewer negative environmental impacts and 
can better involve local communities in improvement and construction works. Currently the 
tank irrigation potential is under utilized due to problems relating to rainfall, poor tank 
structures, and lack of collective tank management. 

24.3.1 Issues above the Tank Outlet 

Siltation has reduced tank storage capacity by almost one-third. In the earlier days farmers 
used to de-silt the tanks using their bullock carts and manual labour to maintain tank storage 
capacity. This practice has become increasingly difficult to implement due to the lack of 
bullock carts and the decline in kudimaramathu (community repair work). The Government 
does not want to de-silt the tanks because of the cost and the difficulty involved in disposing 
of the silts outside the tanks. Furthermore in many tanks added capacity is needed in two out 
of ten years to store the surplus water. Thus in these tanks de-silting will only improve 
irrigation 20 per cent of the time. 

In many tanks the supply channels which bring water to the tanks are heavily silted and in 
several cases they are missing due to the combined effect of siltation and encroachment. The 
use of illegal ‗pattas‘ (rights from the government) to encroach on the tank foreshore is 
common and the run-off as well the tank storage capacity has been reduced. The encroachers 
drain the tank water when their crops in the tank foreshore are about to be submerged. They 
then argue with the Government that the tanks are not full most of the time and hence their 
right to cultivate the tank foreshore area should be sanctioned. Tank siltation is further 
aggravated by the deforestation in the tank catchment area both by the encroachers and the 
tank irrigators for fire wood. The end result is increase run-off and severe soil erosion during 
heavy rains. Simple procedure of closing the sluices during the rainy days, when there is no 
demand for water has been shown to increase the irrigated area by more than 20 per cent at a 
17 per cent lower risk of crop failure. However, the present method of water distribution is 
continuous irrigation with sluices opened throughout the crop season. 

 24.3.2 Issues below the Outlet 

The command area of the tanks has been fixed based on the rainfall pattern, the number of 
tank fillings and the capacity of the tanks. After the introduction of the high yielding varieties 
of rice, the water requirement for rice has steadily increased. Thus the command areas are 
now too large for many tanks to serve effectively, given farmers‘ emphasis on rice 
production. Many changes in cropping patterns have been recommended by the Department 
of Agriculture but few changes have occurred. 

Due to inadequate tank water supplies for rice, particularly at the end of the crop season, 
there is a growing need for supplemental well irrigation. Currently about 15 per cent of the 
tank farmers own wells and there is a powerful monopoly market for groundwater in a 
number of tank irrigated areas. It was estimated that about 38 per cent of the crop income of 
the non-well owners is paid as water charges to the well owners in Tamil Nadu during 1992-
93 (Palanisami, etal, 1997). Involvement of the farmers in the decision making processes 
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concerning new tank construction and/or tank improvements has been very limited. This 
results in poor coordination between the Public Works Department (PWD) and the local 
communities in tank management. 

Under the present two-tier system, the ownership and maintenance responsibilities for most 
of the tanks lies with the state Public Works Department (PWD) but the collection of water 
charges is the responsibility of the Revenue Department. There is practically no coordination 
between the two departments. The funds allotted by the revenue department to lank repairs 
and maintenance are highly inadequate. It costs about Rs 80 to Rs 120 per ha for the operation 
and maintenance of the tanks and the funds allotted for this purpose are only about As. 20 to 
40 per ha. The water charges which are linked with the land revenue vary from Rs 80 to 90 
per ha and are not allocated for tank maintenance by the revenue department. 

24.3.3 Poor Water Distribution and Farmer Conflicts 

The Government has the responsibility for developing water resources, but has little control 
over tank water distribution. The present system of water distribution is vested with the local 
villagers, sometimes village committees. The PWD does the major maintenance on tanks 
under its control such as the repair of tank bunds, tank sluices, and breaches above the main 
canal Outlet. Maintenance below the canal outlets primarily the responsibility of the farmers 
and the Panchayat Union. However, for some of the larger tanks, the PWD does maintain the 
main canals. In the case of tanks with less than 40 ha, the local Panchayat does the 
maintenance, with financing from minor irrigation grants (for non-standarized tanks) and 
from local irrigation grants (for standardized tanks) (Revenue Department, 1980). 

Normally the water is released from the tank by a waterman (called Madayan Thotti) who is 
paid by the villagers in kind after the crop harvest. Their appointment is hereditary but the 
Waterman can be replaced if his service is inadequate. The appointment is made by local 
committees in the villages. The watermen also have responsibility for water use at the farm 
level, but their main job is to open and close the tank sluices as directed by farmers. Reliable 
statistics are not available concerning the volume of water in the tanks or the quantity used 
for irrigation. The usual assumption, which has continued for decades or even centuries, is 
that 85.8 hectares of rice can be irrigated during one crop season with one Mm3 of water. This 
figure is very low since more acres can be irrigated with one Mm3, particularly on heavier 
soils. The field to field irrigation practice results in heavy water losses. Water is normally 
drawn continuously from the tanks even when there is no apparent demand for water, that 
is, even on days of adequate rainfall. 

Tank water user organizations have tended to be very weak and have received little support 
from the state or central government. A high variation in farm size appears to contribute to 
the poor cooperation among tank farmers. In such cases, the large-scale farmer with a strong 
asset position, usually have one or more wells and show little interest in contributing to tank 
management. The farm-size variation problem may be further compounded by the influence 
of local caste and political party affiliations. In large tanks, these factors are likely to make t 
difficult to agree on a common tank management strategy. 

24.3.4 Multiple Uses and Property Rights 
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One of the key factors that have caused a misuse and excessive competition in tanks is 
inadequate institutional arrangements to guide their use including the lack of clearly defined, 
stable, and enforced use-rights. An example of this is the case of encroachers, who illegally 
cultivate in the tank foreshore area and pressure government officials into granting them the 
use of this land. This creates conflicts with the tank irrigated farmers, since the encroachers 
illegally open the sluices when the tanks begin to till during heavy rains tearing that their 
foreshore lands will be submerged. 

It property rights are not completely specified, not exclusive, not transferable, or not 
enforceable; they likely give user incentives to misuse the resource. Insecure property rights 
prevent resource users from planning to use their resources efficiently over time because they 
cannot be certain they will retain access to the resources. This is clear in the case of 
encroachers, who often encroach and cultivate the fertile foreshore lands, but do nothing to 
improve the land or the catchment area. 

Since in many tanks foreshore and catchment areas are mostly unmanaged, they are basically 
open access resources and subject to serious misuse. Insecure benefit streams due to 
uncertain property rights leads to little investment in tank management because potential 
contributors to tank improvement are certain of bearing the costs of improvement, but may 
not enjoy many of the benefits. Thus the expected private returns to investment are lower 
than the expected social returns. In the case of open access resource one individual‘s use does 
affect the use by others. Since those costs are distributed across the entire community of 
users, they are ignored by the individual users and overexploitation of the resource results. 
When the open access situations exist individuals can exploit a resource without owning it. 
Under insecure property rights and encroachment, people who use resources may fear losing 
access to it, so they use it with a short time horizon in mind. Other examples include tank 
water, groundwater, common grazing lands, and fisheries that are overexploited in many of 
the tanks. 

Incomplete property rights thus can lead to two closely related problems. First, people tend 
to over-utilise the resource because they obtain all the benefits but only bear a portion of the 
costs of drawing down the resource (stock effect). Second, people tend to under invest in 
maintaining resources with insecure property rights because they bear all the investment 
costs but may gain only a portion of the benefits. Low productivity and gradual degradation 
of such resources is likely to occur. Sometimes this is because traditional agreements 
regarding access to resources cannot be sufficiently enforced under current conditions. For 
example, even though farmers are eligible to remove silt from the tanks, they are prevented 
by the social forestry officials from entering into the water spread area. In other cases, 
incomplete property rights occur because governments replaced traditional property rights 
and working rules with others that are not applicable. For example, the Government replaced 
traditional property by supporting the social forestry in the poramboke (Government owned) 
land and in the tank water spread area. This has now been recognized as a mistake and the 
Government currently is discouraging plantations in the water spread area. 
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LESSON 25. Tank design 

25.1 Tank Hydrology 

Generally a catchment is classified into one at three categories depending on water 
absorption characteristics of the soil which are, in turn, dependent on geological formation 
and slope. Hilly tracks, where run-oft is high are classified as good; catchments with alluvial 
and red soils where the absorption rate is moderate are designated as average or moderate; 
catchments with porous sandy soils where the absorption rate is high are designated as poor. 
For the same amount of rainfall, these three types of catchment will generate quite different 
levels of runoff. 

The water yield or run-off from the rainfall for any given tank is a function of the geographic 
area and the type of the catchment, i.e., whether the tank is isolated or connected to a group 
of tanks, or to an adjoining stream or river. Tanks located in the lower reaches of a drainage 
basin or valley will have the advantage of receiving surplus water from upper tanks, in 
addition to the run-off from their own catchments areas during the rainy season. The lower 
tanks do not receive all the run-off from the upper catchment because the upper tanks 
intercept water. However, a portion of the run-off from the upper catchments usually flows 
down to the lower tanks. These upper catchments with tanks are designated as intercepted 
catchments. An empirical assumption has been made that 20 per cent of the run-off from the 
intercepted catchment flows down to the lower tank. 

The water movement depends on the location of the tanks in a tank series or chain. Assume 
A, B, and C are three tanks in a series. A and B are the upper tanks and C is the lower tank. 
Area 1 is the tree catchment of tank C, while the areas denoted as 2 and 3 are the free 
catchments of tanks A and B. The yield for tank C is computed by calculating the total yield 
of the free catchment in area 1 and adding 20 per cent of the yield from the catchments in 
areas 2 and 3. Twenty per cent, or 1/5 of the catchment area of an upper tank is known as the 
―equivalent catchment‖. Free catchment (a) + equivalent catchment (b) = combined 
catchment for a tank. 

Another source of water supply for tanks is the diversion of water from a stream or reservoir. 
This is why it is important to divide tanks into system and non-system tanks. Most system 
tanks have a greater reliability of supply provided by larger reservoirs. In contrast, non-
system tanks are, at best, connected to a stream and receive water whenever there are 
adequate flows in the stream, usually during the monsoon months. Although rivers or 
streams help to provide additional water, they do not ensure the reliability of water supply 
that is afforded by the system tank. The PWD computes the water yield from supply 
channels based on certain empirical assumptions such as the number of days the supply 
channel can deliver water to the tank in a year. This may also vary from year to year in 
accordance with the intensity of rainfall, the number of rainy days, and other catchment 
characteristics. Generally the PWD assumes a 10 to 15 day supply through the supply 
channels from rivers or streams in non-system tanks. 
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In summary, a rainfed-non-system tank or system tank can receive its water from three 
sources: 

(i) its free or independent catchment, 

(ii) its intercepted catchment, and 

(iii) its supply channels from rivers, streams or reservoirs (if there are any). 

The total number of tank fillings is then calculated by dividing the total yield from the three 
sources by the storage capacity of the tank. For example, if the water yield available for a 
tank from the above three sources is 20 Mm3, and the storage capacity of the tank is 8.2 Mm3, 
then the 

Number of fillings = Yield/Capacity = 20/8.2 = 2.4 

25.2 Tank structural Components 

A typical tank irrigation system consists of the following components: surplusing 
arrangements, feeder canals, tank water spread area, tank bunds, sluices, and distribution 
system (main canals, field channels). 

25.2.1 Disposal of Excess Water 

The difference in capacity between the sill level of a sluice and the Full Tank Level (FTL) is 
the amount of water available to irrigate crops. For tank safety, provisions are necessary to 
dispose any water in excess of what a tank can safely hold for future use. Structural 
arrangements designed to serve this function can be categorized as follows: (i) natural 
ground escape and breaching mechanisms, (ii) surplus weirs, and (iii) calingulah. 

In shallow tanks, where the ground level at the flank or at tank ends permits slow drainage, 
the tank bund can be neatly terraced and gravelled and made hard so that surplus water can 
be easily drained without scour or erosion. Such an arrangement is known as Natural 
Ground Escape (NGE). Generally, these types of arrangements are common in small tanks 
that are located in places where the soil is gravely. This is a cheap and cost effective way of 
disposing of excess water. 

Other types of safety mechanisms require masonry structures to dispose of the excess water. 
Two types are common: (a) surplus weirs, and (b) calingulah. A masonry weir is constructed 
for a certain length and height, and should be designed to dispose of any excess water. The 
length and height of this masonry structure is based on the following factors: (a) amount of 
rainfall, (b) area of the catchment, and, (c) characteristics of the catchment. 
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Fig.25.1 Typical dimensions of a surplus weir of a tank with 0.6 m to 0.9 m drop 

 

Fig:25.2 Image of Caligulah 

The other type of masonry structure is where the crest of the wall is at a lower level than the 
full tank level. The masonry weir will be embedded with stones up to the Full Tank Level at 
intervals of 0.3 to 1.8 m (one to six feet). In between the stones, the water level in the tank is 
maintained with wooden planks or mud. The stones are called calingulah stones and the 
structure is known as the calingulah type. 

This type of structure is normally used in two cases: 

(1) In the upper tanks of a chain or group of tanks where such facilities allow a reasonable 
quantity of water to reach the lower tanks during the rainy season without waiting for the 
upper tanks to fill. This allows water sharing to occur in a chain of tanks. 

 (2) In tanks that are very close to mountains or are under the threat of a sudden rush of 
water from a nearby jungle stream, such an arrangement helps reduce the impact of flood 
peaks in a tank and helps prevent tank breaches. 

While NGE is adopted in small and shallow tanks, surplus weirs and calingulab are adopted 
for medium and major tanks. 
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 25.2.2. Feeder Canals 

These canals come from the catchment areas and usually run only 0.3 km to 3 km in length 
before joining the water spread area of the tank. In most cases, the Feeder canals have 
become filled with silt and abandoned. Encroachment and extension of villages due to 
population pressure and poor maintenance of the canals have also reduced their length and 
capacity. Abuse of the catchment and supply channels has reduced run-off in many tanks. 
Over a period of time, this has resulted in lower tank water supplies. Siltation and 
encroachment have had a more deleterious impact on this is the area where water is stored. 
For most of the tanks, the ratio of water spread to command area varies from 1:4 to 1:8. For 
every ha of the water spread, there will be approximately 4 to 8 ha of command area. Since 
the water supply is erratic, the water spread area will be dry in some years especially in non-
system tanks. 

25.2.3 Tank Embankment 

These earthen bunds or levees are normally in a U shape with greater height at the center and 
a gradual reduction in height at both of the flanks. The tank bund will be extended so that the 
water stored in the tank does not escape at the flanks when the tank is full. Depending upon 
the location normally the bunds are 1 to 3 m wide at the top, facilitating the transport of silt 
away from the tank by bullock-carts. Heights vary from 1 m to 4 m. The cost of the bund is a 
major component in tank construction, amounting to about 46 per cent of the total cost. After 
assessing the location of the phreatic line for the available soil type, core wall of clay or 
masonry has to be designed to achieve a safe c/s for the earthen bunds. If necessary toe filters 
are to be provided for embankment safety. 

 25.2.4 Tank Outlets 

In most cases, tank water is drawn by gravity. Depending upon the location of the tank and 
the topography, the number of sluices varies. Normally the number of sluices ranges from 2 
to 4. There are upper and lower sluices, depending upon their capacity to draw water from 
the tank. Normally the lower sluices are located in the middle or deeper portion of the tank 
and can draw more water over a longer period of time. The upper sluices, located at a 
slightly higher level draw water when the water level in the tank is adequate. As the water 
level drops, the sluices will draw less water and in some cases the sluices do not function 
since the water level is too low. Sluices at different heights mean that the tank does not allow 
equity in water supply to all the sluices. As a consequence, there may be mixed crop patterns 
due to differences in water availability. Water intensive crops are found in the area served by 
lower sluices while less water intensive crops are found in areas served by the upper level 
sluices. 

25.2.5 Distribution System 

The distribution system consists of the main canal, distributaries, and field channels. The 
main canal generally ranges in length from 0.5 km to 4 km and irrigates from 20 ha to more 
than 200 ha. The length of canals and the area irrigated varies widely. Distribution networks 
and their performance depend upon the terrain and the slope of individual command areas. 
Different designs were adopted depending on what distribution arrangements best suited 
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local conditions. Maintenance of the main canal, distributaries, and field channels is the 
responsibility of area farmers. In cases where the main channel (due to breaches) is severely 
damaged, the PWD will assist farmers with repairs. Since the entire distribution system is 
usually unlined, water losses are high and water is not distributed equitably among head and 
tail-end farmers. In some cases, the canals are so wide and the drainage conditions so poor, 
that the excess water reduces crop yields particular in areas near the head of the canals. 

25.3 Tank modernisation 

Normally the Government has attempted tank rehabilitation through small improvements. 
However, tank modernization incorporates a much broader range of options to improve tank 
performance. For tank modernization management changes are considered just as important 
as physical investments. Tank modernization is the process by which the water in existing 
tanks is used more efficiently through improved water storage, distribution, and on-farm 
water use. The aim is to increase food production and rural incomes by achieving higher 
cropping intensity through improved water management and reduced water losses. The 
following activities are included under tank modernization: 

1. Protecting the tank catchment and storage areas; 

2. Improving tank sluices and surplus weirs, and strengthening bunds; 

3. Lining main canals and distributaries; 

4. Increasing on-farm development activities, including the lining of branch channels and 
field channels; 

5. Establishing tank-level farmer organizations; 

6. Adopting improved on-farm irrigation practices; 

7. Improving the management of water releases. 

Most of the current activities involve rehabilitation below the outlet, while tank 
modernization includes rehabilitation plus improved water management. To be more 
effective, tank modernization is needed both above and below the outlets. 

 25.3.1 EEC tank Modernization Program – Tamil Nadu 

This program was implemented during 1984-85 with financial aid from the European 
Economic Community (EEC). In the first phase (1984-91), a total of 150 non-system tanks 
with command areas of 100-200 ha were selected for modernization with a financial outlay of 
Rs 4500 lakhs. In the second phase (1989-1995), an additional 230 tanks (i.e.. 150 tanks with 
command areas of 100-200 ha and 80 ex-zamin tanks with command areas of 40-50 ha) were 
included with a financial outlay of Rs 5000 lakhs. The approximate cost per hectare was 
Rs.21000. The project is expected to save about 20 per cent of water over the present use, thus 
permitting the expansion of cultivation by about 9000 ha. 

To select tanks for modernization, the PWD used the following criteria: 
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a. the command area of the tanks should be between 100 to 200 ha, 

b. the number of tank fillings should be less than two, 

c. the command area should be 90-95 per cent cultivated, 

d. the tanks should be non-system tanks, and 

e. the tanks should be easily accessible. 

In addition, groundwater irrigation in tank command areas has gained importance. When 
wells become highly concentrated the importance of tank irrigation decreases. Hence, it is 
important to select tanks where tank irrigation remains important and wells are not highly 
concentrated. Finally, the water supply in system tanks is not necessarily better than supplies 
in non-system tanks. Not all system tanks get adequate water and many system tanks behave 
like non-system tanks. Hence, modernization should also be considered for system tanks. The 
following major concerns should be considered in selecting tanks for modernization: 

 a) tanks with severe encroachment should be avoided: eliminating encroachers is a socio-
political issue. With significant encroachment, modernization is difficult to achieve. 

b) tanks with effective water users organizations (WUOs) should be given priority, since 
WUO can make better use of tank irrigation through simple management techniques. 

Once the information about tank selection is communicated from the Chief Engineers office 
to all the PWD offices, the concerned district Executive Engineer (EE) makes a list of non-
system tanks that satisfy the 100-200 ha criterion and submits the list to the District Collector. 
After the District Collector‘s suggestions are incorporated, the EE makes a site inspection and 
a comprehensive survey incorporating catchment characteristics, command area conditions, 
and the conditions of tank structures. Hydrological information is collected, normally for a 
12-year period. Based on the command area of the tank, cropping patterns, a 75 per cent 
probability of crop success, and the registered command area, the gap between the area 
irrigated and the command area is determined. Tanks with larger gaps between irrigated 
area and command area are given priority. Next, the listed tanks will be surveyed in detail to 
determine hydrological characteristics, tank breaches, and physical components such as 
surplus weir, bunds and sluices. In addition, the Agricultural Engineering Department 
surveys every 10 ha in the command area. Once this is done, the EE will forward the report 
with a list of tanks to the Superintending Engineer (SE). The SE reviews the report and makes 
a site inspection. After the SE‘s suggestions are incorporated, the report is sent to the Chief 
Engineer (CE) before going to the Technical Review Committee (TRC) and the Appraisal 
Committee (AC). Once the TRC and AC approve, the Secretary PWD issues a Government 
Order (GO). On receipt of the GO, the CE issues a technical and financial sanction to the SE 
and EE to begin the work.  
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LESSON 26. Tube well irrigation 

Introduction 

A well is a small hole dug in the ground from which sub-soil water is taken out for irrigation 
and drinking purposes. An ordinary well is about 3 to 5 metres deep, but can reach up to a 
depth of 15 metres. It is a cheap, dependable and a popular source of irrigation in the 
country. It has been used in our country from time immemorial. Well irrigation is widely 
practiced in those areas where sufficient groundwater is available. Such areas are in Ganga 
Plain, the deltaic region of Mahanadi, Godavari, Krishna and Cauvery rivers, parts of 
Narmada and Tapi valleys and some parts of Deccan Trap. Greater part of peninsular India is 
unfit due to hard rocky structure and shortage of underground water. Brackish groundwater 
is also unfit for irrigation and human consumption.  

Tube wells are, today, the most popular source of irrigation in India. The first tube well was 
sunk in 1930 in Uttar Pradesh. Today there are more than 50 lakh tube wells operating in 
different parts of India. Uttar Pradesh has the largest number of tube wells in the country. 
Tube wells are generally popular with rich and medium farmers. More than half of the net 
irrigated area is irrigated by wells and tube wells in the states of Bihar, Gujarat, Madhya 
Pradesh, Maharashtra, Punjab, Rajasthan, Haryana, Tamil Nadu and Uttar Pradesh. Well and 
tube well irrigation has contributed substantially for the success of Green Revolution in 
India. Source wise net area irrigated and number of wells energised was given in tables 27.1 
& 27.2 respectively. It could be observed that there are 15674673 wells in India irrigating, 
37.78 Mha, more than 60 per cent of the net irrigated area in the country. Uttar Pradesh has 
the largest area under well irrigation. It is followed by Rajasthan, Madhya Pradesh, Punjab, 
Gujarat, Maharashtra and Bihar. 
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Table 26.2  Irrigation Pumpsets Energised and Electricity Consumption in Agriculture 
Sector during 2007-08 by Region/ State 

Name of the 
State/UT 
  

2007-08 
  

Total no. of 
Pumpsets 
Energised 
(31.03.2008) 
  

Agriculture Consumption 
% of 
villages electrified 
as on 
31.03.2008 

Energy 
(GWH) 
  

% to total 
consumption 
in the State 

 1  2  3  4  5 

Haryana 515869 7335.37 44.07  100.00 

Himachal Pradesh  12934  26.52  0.62  98.22 
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Jammu & Kashmir  9714  271.42 6.73  98.24 

Punjab  966073  10022.20  37.98  100.00 

Rajasthan  830705  8144.56   40.65  68.31 

Uttar Pradesh  896475  6200.04  17.95  88.13 

Uttarakhand  20119  300.20  7.73  96.52 

Chandigarh  623  1.31  0.12  100.00 

Delhi  25883  37.08  0.25  100.00 

Sub-Total  (NR)  3278395 32338.70  25.75  87.18 

Gujarat  873977  10946.44 26.85  99.60 

Madhya Pradesh  1351075  7535.59  37.49  96.35 

Chhattisgarh  162783  1458.80  15.45  95.61 

Maharashtra  2897155 12675.64  20.36  88.32 

Goa  8143 38.60  1.66  100.00 

D. & N Haveli  953  8.77  0.32  100.00 

Daman & Diu  1006  2.41  0.21  100.00 

Sub-Total (WR) 5295092  32666.25  23.54  94.19 

Andhra Pradesh  2440823  15241.05  33.22 100.00 

Karnataka  1723224  10844.02 35.33  98.71 

Kerala  490054  240.78  2.13  100.00 

Tamil Nadu  1955114  10717.00  21.46 100.00 

Lakshadweep  0  0.00  0.00  100.00 

Puducherry  10720  81.63 4.03  100.00 

Sub-Total (SR)  6619935  37124.48  26.54  99.50 

Bihar 273102  659.12  17.23  52.85 

Jharkhand  9453  66.85  0.61  31.07 

Orissa  74625  171.99  1.81  55.83 

West Bengal  115462  1110.07  4.93  95.88 
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A.& N. Islands 1  0.00  0.00  65.87 

Sikkim  0  0.00  0.00  94.44 

Sub-Total (ER)  472643  2008.03  4.26  60.34 

Assam  3675  19.54  0.76 78.57 

Manipur  45  0.09  0.04 84.92 

Meghalaya  65  0.61  0.08  59.29 

Nagaland  194  0.00  0.00  64.40 

Tripura  4629  23.99  6.08  57.23 

Arunachal Pradesh  0.00  0.00  56.82   

Mizoram  0  0.00  0.00  80.62 

Sub-Total (NER)  8608  44.23  1.00  73.17 

Total (All India)  15674673 104181.69  22.86  82.27 

 

Source: Table 40 
in http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.p

df 

Drilling of private shallow tube wells is the only way in which groundwater can be 
developed in most of the hard rock areas of India, as in Madhya Pradesh. In these areas small 
local aquifers exist in fissured rock. In areas having alluvial aquifers, as in the north-eastern 
Gangetic plain and in Gujarat, other water lifting devices can be used as well. In practice, 
private groundwater development can only be undertaken (a) where the aquifer is shallow 
enough to use a simple water point and (b) where farmers have the financial resources to 
invest in their own irrigation system. 

A tube well is generally more than 15 metres deep. The water is lifted with the help of a 
pumping set. The following factors favour the installation of a tube well. 

1. There should be enough groundwater, as a tube well can irrigate about 2 hectares per day 
against 0.2 hectares by an ordinary well. 

2. The water level should be between 15 m and 50 m, otherwise the cost of lifting the water 
will be very high. 

3. The power, i.e. diesel or electricity should be readily available, so that water can be taken 
out at the time of need. 

http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
http://www.indiaenvironmentportal.org.in/files/water%20and%20related%20statistics.pdf
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4. The soil should be fertile and can produce enough to meet the cost of irrigation by a tube 
well. 

26.1 Types of wells 

The utilization of groundwater through dug well irrigation is an indigenous form of 
irrigation. A dug well is a shallow well, with its bottom on a fair depth below the water table, 
so that water from the surrounding aquifer accumulates in the well. Water collected in the 
well is lifted to ground surface through a water lift. The masonry lined dug well usually 
yields 7 to 8 m3 per hour (@ 2 1ps) when operated with a Persian wheel, which is the case for 
about 20% of the masonry wells. In the remaining dug wells, the water is lifted by animal 
power with leather or metal buckets, usually bullocks. These wells have very limited 
discharge rates and this practice is almost dispensed with due to high cost of labour and 
drudgery. 

Shallow tube wells are drilled to penetrate a shallow aquifer and are usually less than 30 m 
deep. This depth is only possible when the tube well is placed at the bottom of a dug well, so 
that it is a dug-cum-tube well. Shallow tube wells are usually equipped with a small 
centrifugal pump. The filter point wells if Cauvery delta of Tamil Nadu in Trichy, Thanjavur, 
Thiruvarur, Nagapatinam districts are shallow tube wells irrigating individual farms. The 
electric or diesel motor is directly connected to the pump by a belt drive. The centrifugal 
pump is placed at the surface level and operates mainly in suction mode. These wells usually 
have a capacity of 20 to 30 m3h-1 (@ 7 lps). 

Medium tube wells are small diameter submersible tube wells equipped with a strainer 
section. These wells are usually about 45 m in depth although they may be deeper depending 
on the depth of the aquifer and the capacity desired. They usually have capacities of about 30 
to 40 m3h-1 (@ 10 1ps) and are equipped with centrifugal pumps. Water distribution from 
these wells is through small unlined channels with the following lengths: masonry wells - 30 
m; shallow tube wells - 200 m; and medium tube wells - 400 m. 

Deep tube wells have a large diameter and vary in depth from 40 to 300 m. Pumps are sunk 
into the well, operate in force mode, and are driven by submersible electric engines or by 
shafts connected to engines at the surface. Deep tube wells have a large discharge capacity 
varying from 150 to 300 m3h-1 (40 to 80 lps). As discharge capacity increases, the length of the 
water distribution channels increases accordingly. For example a command area of 100 ha is 
served by water distribution system of 4 km in state tube well commands of UP, water is 
distributed through unlined earthen channels. 

26.2 Case study of UP 

The greater part of Uttar Pradesh belongs to the Gangetic Plain which mainly consists of 
alluvial sediments. No bedrock occurs to a depth of 250 m and there is some evidence that 
locally the alluvial strata extend down to thousands of meters. Based on topographical 
features the following soils are distinguished (1) recent alluvial soils (2) soils of flat lands (3) 
upland soils and (4) lowland soils. Texture of these soils varies from coarse sands to fine 
clays. Over centuries river inundations have created a heterogeneous pattern of depositions 
of mainly medium to fine sand with additional clay and silt deposits. The upper 250 meter is 
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composed of clay, silt, fine to medium sand and kankar. Kankar is an Indian term for a 
calcium carbonate nodule. Such nodules are associated with the occurrence of a hard calcium 
carbonate layer, or called Kankar layer, at some depth in the soil profile. The medium and 
fine sand layers are local aquifers separated by clay and silt layers. These small aquifers are 
phreatic and semi-confined. These local aquifers are interconnected and are part of a regional 
aquifer system, which is a thick highly productive phreatic aquifer. 

The water table is subject to seasonal fluctuations. In April-May the water table in the project 
area is usually at its lowest level between 4 to 8 meters below soil surface. During monsoon 
the water table generally reaches 2 to 3 meters below soil surface. In large areas of the project 
after monsoon the water table falls rapidly to 3-4 meters below soil surface. This is followed 
by a more gradual decline during the rest of the dry season. In the areas with groundwater 
levels at 4 to 8 meters below soil surface, groundwater extraction by shallow wells is 
technically possible. In some areas of the districts Faizabad, Sultanpur, Ballia and Bahraich 
the pre-monsoon water table is as low as 14 to 15 meters below soil surface, and rises during 
monsoon to about 8 meters below soil surface. The deeper water tables in these areas may be 
due to a relatively higher elevation of the area as well as a higher groundwater abstraction in 
combination with a relatively low recharge. In these areas, having a deeper water table, water 
can only be extracted through submersible pumps. 

Irrigation from public tube wells is practiced from 1935 onwards and the Government of 
Uttar Pradesh invested in the construction of State or public tube wells. In 1940 some 1,471 
public tube wells were in operation, serving a gross irrigated area of 240,000 ha. The number 
of public tube wells expanded slowly. By 1950 around 2,000 public tube wells were in 
operation, irrigating some 360,000 ha gross. The program was then accelerated, which 
doubled the served area to about 730,000 ha gross in 1960. The importance of private tube 
wells for irrigation was negligible up to the 1960s. The benefits generated by the private tube 
well investment increased in the 1960s because agriculture became more intensive due to the 
introduction of the Green Revolution technology. The area under private wells increased 
rapidly from some 50,000 ha in 1960 to about 4 Mha in 1980. Performance of public tube wells 
declined. Though the number of public tube wells in operation doubled between 1970 and 
1980, the irrigated area served by public tube wells hardly increased. By 1980, some 
17,000 public tube wells were in operation, covering a net irrigated area of 776,000 ha. 
So compared to 1960, the situation in 1980 was completely reversed. Instead of public tube 
wells, privately managed tube wells were the most important technology in exploiting UP'S 
groundwater resources. The greater part of the increase in private tube wells took place in the 
western part of the state, which is wealthier than the eastern part. 

 26.2.1 Improved design of public tube well systems 

The water supply of the public tube well would not meet the crop water requirements to its 
fullest extent in the command area. The total cultivable command area of 100 ha was served 
by a deep tube well with a discharge of 150 m3h-1 or 0.42 1ps/ha. The public tube wells have 
an average depth of 65 to 90 m. Within this depth some 30 to 40 m of medium sand could be 
found. With a screen of 200 mm diameter, this aquifer would yield water for a tube well 
capacity of 150 m3h-1. It was assumed that power constraints would limit daily operation to 
about 16 hours, therefore average discharge was expected to decrease to 0.28 1ps/ha. It was 
further assumed that the tube well irrigation systems would be able to operate for about 
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3,500 hours per year when they were provided with a dedicated power supply. Thus, a 150 
m3h-1 water point serving a CCA of 100 ha would be able to provide 525 mm per annum to 
this area. A public tube well would provide water to irrigate 34.5 ha in rabi and 56.5 ha in 
kharif in a command area of 100 ha. 

A typical public tube well system consists of a well, submersible electrical pump and a brick-
built pump house. From the well, water is pumped into a tank or so called elevated 
distribution chamber, from where it flows in a buried PVC pipe distribution system, which 
has the form of two closed loops each serving about 50 ha. On the pipe systems alfalfa outlet 
valves are constructed each serving about 5 ha and operated by farmers. Every tube well 
system has around 20 outlets. The length of the field tube well channels remains limited to 
150 m. Public tube wells are grouped together in a cluster of some 20 to 30 wells. One cluster 
has one independent electrical feeder line, which connects all wells to one sub-station. The 
operation of the system was envisaged as follows. The two or more loops would in principle 
be supplied simultaneously. Within a loop, the command area of about 50 ha was divided 
into seven sub-commands of about 7 ha each, which were called area-day commands. The 
idea was that such area would get the total water supply (75 m3h-1) for one day, the other 6 ha 
areas not getting water on that day. Farmers within each area-day command would form a 
committee and elect a leader. The area-day committee would organize the internal water 
distribution, with allocation times proportional to the holding sizes. The leader would 
supervise the water distribution within the area-day command area. Leaders of the area-day 
committees would elect five representatives to form a Tube well Management Committee 
(TMC) for each tube well. The TMC would be responsible for coordination and cooperation 
among area-day committees, for solving disputes and for advising the concerned Junior 
Engineers of the Department of Irrigation (DoI) in working out a rotational water allocation 
schedule. The President of each tube well committee would represent the tube well farmers 
on a Tube well Cluster Committee. Operation of the tube well was assigned to a tube well 
operator employed by the Department of Irrigation. Private tube well development was 
promoted by Free Boring Schemes in several states of India. In Uttar Pradesh, drilling of 
shallow tube wells was subsidized for farm holdings smaller than 2 ha. Investments by 
farmers were made in the pump and motor. 

26.3 State Tube well (STW) programs 

A major instrument of public policy – State Tube well (STW) programs – is devised originally 
to stimulate groundwater irrigation and to ensure that the access to this communal resource 
is diffused and is not monopolised by the rural elite. For hard rock regions, open dug wells 
are technically found to be ideally suited. Average command area of dug wells being rather 
low (less than 2 hectare), it would mean, in operational terms, government coping with an 
innumerable number of open dug wells. The other major problem with public tube well 
programs is their management, efficiency and quality of irrigation service they are able to 
provide. Numerous field studies, have pointed out poor maintenance, lack of accountability 
of the tube well operator of the community, domination by local elite, frequent power cuts, 
delays in repair and procurement of spare-parts, local feuds regarding the right of passage, 
etc., are amongst the several problems that STW programs suffer from. It was found that 
small farmers did benefit from public tube wells through improvement in crop pattern, crop 
yields, and cropping intensity. However, overall experience with public tube wells in various 
regions of the country is quite disappointing from the point of efficiency. As far as equitable 
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distribution is concerned, the rural elite usually succeed in appropriating most of the benefits 
of public supply. 

26.4 Community management 

An important alternative to state intervention is that of community management. Democratic 
village institutions can play the crucial role of allocating groundwater through community 
decisions, if properly re-vitalised. This approach aims to enable the village community to 
make use of the information and control it possesses on local resources in order to prevent 
depletion. If farmers feel a genuine sense of ‗participation‘ in community decisions, they may 
be much more inclined to comply with them than with state-enforced regulations. 

 26.4.1 Community Wells: an example 

The disillusionment experienced with the working and performance of public tube wells 
with regard to both efficiency and equity concerns has led to the search for alternative 
institutional arrangements for groundwater management. Based on the theoretical premise 
that involving beneficiaries in the management of groundwater would help to solve 
problems which public tube wells suffer, certain forms of institutional arrangements like 
community wells and cooperatives could be advocated in the country. The functioning and 
management of these forms usually exhibit a mix of both successes and failures, as 
documented by several empirical investigations. Crucial factors for ‗success‘ of such 
arrangements (as identified from literature) are the small size of the groups and homogeneity 
in the group members in terms of caste and landholding, quality of leadership, external 
support in both leadership, and management. Community processes may succeed to instill a 
sense of responsibility for the conservation of a community resource, such as groundwater. 
This requires a fundamental change in the perceived ownership rights, which in turn makes 
the approach problematic to implement. It is also important to note that the success of 
community management largely depends on the cooperation amongst the stakeholders. 
Their cooperation might arise in two ways. First, if there is a collective gain from the 
conservation of the resource that is larger than the individual private gains. This condition is, 
however, unlikely to be fulfilled in case of large farmers, who therefore, tend not to 
cooperate. Second, the problem of ‗free-riders‘ can be sought through coercion and sanctions 
(e.g., imposition of fines on those who violate the agreed rules of water use). Unfortunately, 
in rural India, it is the case that rich large farmers are precisely in that position, who also 
stand to gain from the exploitation of groundwater. 

26.5 Property rights 

There is a lack of properly specified property rights on groundwater resources in India. In 
fact, it is extremely difficult to define property rights to groundwater. Customarily, in India, 
the rights in groundwater belong to the landowner as groundwater is attached to the land 
property. There is no limitation on the volume of groundwater extraction by a landowner. 
Since, landownership is a prerequisite to ownership of groundwater, it is difficult to assign 
‗open access‘ nature to groundwater resource. Although land owners own groundwater, this 
right is limited by the huge investment necessary to tap the groundwater by construction / 
drilling of irrigation well(s) and high well failure probability, which makes a selected few 
among them to have access to groundwater. Unless groundwater is tapped in a well and 
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water is available in it, there is no accessibility, since there is no guarantee that any land 
owner who attempts to construct / drill a well is assured of groundwater, even for a short 
period. Therefore, there is need for a legislative change in India by limiting groundwater 
extraction over a particular period to the amount of water that percolates through the land 
over the same time period or by defining some kind of collective property rights over 
groundwater. However, it is rather difficult though not completely dismissible, to define and 
legally enforce such property rights. Also, some fundamental changes with regard to 
redefining property rights structure are required which should exhibit certain extent of 
flexibility and dynamism so as to appropriately address the varied nature of groundwater 
related issues in the country. 

 Social ownership of wells – a ‗mixed‘ intervention Socialising wells even if motors continue 
to be privately owned is another form of intervention to control groundwater 
overexploitation. Such socialization of wells has major advantages like, 

1) prevention of overexploitation since public control could be exercised on the number and 
depth of wells in a particular area; 

2) reducing problem of well interference by facilitating rational location of wells through 
coordinated planning; 

3) equitable distribution of groundwater as large farmers would not have virtual monopoly 
of access to this resource; 

4) transferring the risks in drilling wells from private individuals to community or 
government; 

5) facilitate emergence of community management. Nevertheless, it has been largely 
overlooked in the literature on the management of groundwater resource 
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Module 8 - Remote Sensing and GIS in Water Management 

LESSON 27. Remote Sensing and GIS in Water Management in India 

Introduction 

Managing water resources is a major challenge for the country. Water resources development 
calls for addressing the key issues of storage, conversation and subsequently utilization. 
Towards evolving comprehensive management plan in suitable conservation and utilization 
of water resources space technology plays a crucial role in managing country‘s available 
water resources. Systematic approaches involving judicious combination of conventional 
ground measurements and remote sensing techniques pave way for achieving optimum 
planning and operational of water resources projects. The synoptic and repetitive coverage 
provided by the satellites can effectively complement the conventional data to monitor the 
progress and impact of the above projects. Thus, remote sensing imagery from the polar 
orbiting satellites is a potential tool for mapping and monitoring of many water resources 
management projects. 

27.1 Water Resources Development: Space Technology Perspective 

Remote sensing in combination with the Global positioning system (GPS) and Geographical 
Information System (GIS) produces the terrain maps at this location accuracy and containing 
detailed information of the variables under study. In India, satellite remote sensing 
technology is being used effectively in the areas of irrigation performance evaluation, 
snowmelt-runoff forecasts, reservoir sedimentation, watershed treatment, drought 
monitoring, flood mapping and management. 

The steady flow of data from Indian Remote Sensing Satellites – IRS-1A, 1B, P2, 1C, P3, 1D 
and P4 (Oceansat) have facilitated operationalising many application areas under the aegis of 
National Natural Resources Management System (NNRMS). Space technology applications 
capabilities are being further enhanced by the series of new satellites with increasing spatial, 
spectral and temporal resolution. The more recent IRS satellites – the RESOURCESAT 
(IRSP6) offers multi spectral data at a resolution of better than 6 metres from LISS-IV and 
large area coverage with high repetitivity from AWiFS payloads and the CARTOSAT-1 has a 
PAN camera of 2.5 – metre resolution with stereo view. Thus, the IRS constellation has 
become one of the most versatile remote sensing satellite series, offering wide range of data 
and services to meet the variety of applications. Thus multiple satellites concurrently in 
operation and steer able sensor systems enable dynamic coverage of specific areas. In 
complement to these developments in the space segment, we are witnessing a dramatic 
improvement in the ground segment, paying the way for planning, execution and monitoring 
of water resources projects of different magnitudes. 
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27.2 Water Resources Management issues through Space Technology 

Space-borne spectral measurements have been used for 

(i) rainfall estimation, 

(ii) snow and glacier studies leading to snow melt runoff forecasting, 

(iii) irrigation water management and identification of potential irrigable lands, 

(iv) reservoir sedimentation 

(v) watershed management 

(vi) disaster management 

(vii) water quality assessment, 

(viii) ground water assessment and prospecting, 

(ix) planning and implementation of developmental activities, 

(x) infrastructure development, 

(xi) disaster management and environmental monitoring. 

Airborne laser based terrain mapping( ALTM), in conjunction with detailed mapping 
through digital camera, and traditional photographic survey provide valuable information 
on terrain characteristics in terms of topography, association, detailed land use/ cover, 
geological features, etc. for water resources infrastructure projects viz. Interlinking of Rivers 
Project( ILR). 

27.2.1 Rainfall 

Rainfall is one of the most important processes in the hydrological cycle and is also one of the 
most difficult to monitor. Since late 1960s, many researchers have attempted to derive 
techniques for the estimation of rainfall from the visible and infrared imagery provided by 
meteorological satellites. Manual, interactive and automatic methods have been developed 
for the estimation of rainfall at a number of temporal and spatial scales, and these have been 
applied in many different areas and situations with varying degree of success. More research 
is needed to determine the best method of incorporating typically sparse ―point‖ ground 
station measurements into homogenous and extensive satellite estimate fields. Snow and 
glacier investigations and snow melt runoff forecasting are yet another area where satellite 
remote sensing imagery is providing information on retreading glaciers as well as possible 
potential snow melt run-off. Seasonal and short term (weekly) forecasts of snowmelt runoff 
are being provided for Sutlej and Beas and Parabati basins in Western Himalayas by the 
National Remote Sensing Agency since1970s. 
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27.2.2 Irrigation management 

In India, the ultimate irrigation potential has been estimated at 140 M. ha. The irrigation 
potential created up to 2004 is 98 Mha. While enormous irrigation potential has been created 
at huge cost, the gap between created potential and utilization is significantly large (around 9 
Mha ).Thus, along with the thrust towards creation of higher irrigation potential, efforts are 
also need to be directed to optimal utilization of created potential. 

Space borne multispectral measurements at regular intervals have helped evaluating the 
performance in many irrigation projects across the country. The anticipated increase in 
irrigated area, equitable distribution and crop productivity under programmes such as the 
centrally sponsored Command Area Development (CAD) scheme and National Water 
Management Project, have been studied in some of the major irrigation command projects in 
India (National Remote Sensing Agency,1998). The temporal and spatial analysis of satellite 
data has helped mapping problem pockets of poor performance. Furthermore, spatial 
analysis of crop sowing periods and crop condition assessment have thrown up policy issues 
of relevance to irrigation scheduling, canal maintenance and agricultural productivity. Apart 
from performance evaluation of irrigation systems, multi temporal satellite data have also 
been used to map current status and to monitor the spatial extent of water logging and soil 
salinity and/ or alkalinity through the years in most of the irrigation projects. Such exercise 
has also helped in evaluation of the progress and effectiveness of reclamation programmes 
by monitoring the extent and magnitude of the problem. 

27.2.3 Reservoir capacity monitoring 

The analysis of sedimentation data of Indian reservoirs show that the annual siltation rate 
has been generally 1.5 to 3 times more than the designed rate and the reservoirs are generally 
losing capacity at the rate of 0.30 to 0.92 per cent annually. Multi temporal satellite data have 
been used as an aid to capacity survey of many reservoirs in a cost and time effective manner 
in India. While this technique helps in revising capacity table between minimum and 
maximum draw-down level observed in satellite data, loss of dead storage capacity can be 
obtained only through conventional hydrographic surveys. Realistic appraisal of reservoir 
capacity is essential for appropriate utilization plans. A National action plan of sedimentation 
survey of 124 reservoirs using remote sensing technology has been taken up in India during 
the 10 five year plan. Inappropriate land use practices in the upstream catchment leads to 
accelerated soil erosion and consequent silting up of reservoirs. Watershed management is 
thus an integral part of any water resources project. Space borne multispectral data have been 
used to generate baseline information on various natural resources, namely soils, forest 
cover, surface water, ground water and land use/land cover and subsequent integration of 
such information with slope and socioeconomic data in a Geographic Information System 
(GIS) to generate locale-specific prescription for sustainable development of land and water 
resources development on a watershed basis. The study covering around 84 M. ha and 
spread over 175 districts has been taken up by the Department of Space, Government of India 
under a national level project titled ―Integrated Mission for Sustainable Development 
(IMSD)‖. Implementation of appropriate rain water harvesting structures in selected 
watersheds under this programme has demonstrated the significant benefits by way of 
increased ground water recharge and agricultural development of once barren areas. Multi-
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year satellite data is also used to monitor the impact of the implementation of watershed 
management programmes. 

27.2.4 Ground water prospecting 

During past one-and-half decades, it has been demonstrated that satellite imagery are highly 
useful in mapping and targeting ground water prospective zones. Under National Drinking 
Water Technology Mission, the Dept. of Space with the active co-operation of various user 
departments has prepared district-wise hydro-geo-morphologial maps on 1:250,000 scale 
covering all 447 districts in the country using satellite imagery with limited field checks and 
available information. These maps have been found to be very useful in narrowing down the 
target zones and selection of sites for drilling besides their usefulness in regional / district 
level planning and identifying alternate sources of drinking water for many problem villages 
across the country. In order to provide safe drinking water to rural masses, the Dept. of Space 
has taken up a project titled "Rajiv Gandhi Drinking Water Mission". The project aims at 
generating groundwater prospects maps at 1:50,000 scale using IRS-1C/1D LISS-III data for 
entire country. Ten states, namely Rajasthan, Madhya Pradesh, Chhattisgarh, Andhra 
Pradesh, Karnataka, Jharkhand, Orissa, Gujrat, Himachal Pradesh and Kerala have been 
covered so far. 

27.2.5 Natural calamities 

In the event of natural calamities like drought, flood and cyclones, that adversely affect the 
water security, space technology has made substantial contributions in different phases such 
as preparedness, prevention and relief. The Earth Observation satellites, which include both 
geostationary and polar orbiting satellites, provide comprehensive, synoptic and multi-
temporal coverage of large areas in real time and at frequent intervals, thus, have become 
valuable tools for continuous monitoring of atmosphere as well as surface parameters related 
to droughts and floods. While Geo-stationary satellites provide continuous and synoptic 
observations over large areas on weather including cyclone tracking. Polar orbiting satellites 
have the advantage of providing much higher spatial resolution images that could be used 
for detailed monitoring, damage assessment and relief management. 

Satellite images have been found to be of immense help in providing early information and 
monitoring accidental water resources events. Though sitcom based applications for 
management of water resources in the country had a modest beginning with Central Water 
Commission (CWC) and Snow and Avalanche Study establishment (SASE) have deployed 
INSAT- DRT based DCP services for real time hydro meteorological data collection, they are 
expected to assume greater significance in the context of proposed interlinking of rivers 
programme. 

27.3 Future perspective 

Since the modest beginning of surface water inventory the remote sensing application 
scenario has witnessed a phase transition from resource mapping to decision-making. 
Remote sensing has thus become one of the most important tools for evaluation of the 
physical attributes of water and land resources in the country. A number of case studies on 
command area development, groundwater inventory, canal alignment, irrigation 
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performance evaluation, etc., have proved beyond doubt that integration of remote sensing 
and conventional approach significantly decrease the cost and time involved as well as, 
improve the steadfastness. The various issue related to topographical surveys, water resource 
assessment, Information on Command area Expansion (command area surveys), Planning of 
New Storage Reservoirs, stabilizing existing enroute command areas, reservoir 
sedimentation, geological and geomorphological surveys, etc. can be suitably addressed 
through satellite/aerial data. Satellite remote sensing along with appropriate collateral data 
enable the inventory of quantity, quality as well as the values of the resources. The repetitive 
nature of space-based earth observation provides the unique opportunity to do the 
accounting on a periodic basis. 

Water is a major input in agriculture and its relative availability in different agro climatic 
zones calls for efficient water resource development plans. There is, close relationship 
between water scarcity and reduced food productivity, mainly applicable to rain fed areas of 
the country. The water resource development on watershed basis has shown encouraging 
results in mitigating the water need in water stressed agriculture. Major institutional, policy 
and technological initiatives are therefore, required to ensure efficient, socially equitable and 
environmentally sustainable management of water resources towards achieving the water 
security along with food security for the country. 

For ensuring sustainable water security, water resource management in the country need to 
be planned and implemented within the framework of integrated resource management, 
which requires consideration of a range of impacts, sometimes extending far beyond the 
immediate hydrological system, and over considerable time periods. Space borne multi 
spectral measurements have in some cases replaced ground based observations and in others 
complemented at varying levels. Improved spatial, spectral and temporal resolution data 
from present IRS satellites together with aerial remote sensing provides unique opportunity 
towards comprehensive monitoring of water resources dynamics in the country. 

(Ref: Indo-US Workshop on Innovative E-technologies for Distance Education and 
Extension/Outreach for Efficient Water Management, March 5-9, 2007, ICRISAT, 
Patancheru/Hyderabad, Andhra Pradesh, India Proceeding Paper - Remote Sensing and GIS - 
Water Management by P.S. Roy and V.V. Rao) 

27.4 Application areas of Remote Sensing in Agricultural Engineering 

The interpretation of remotely sensed images may provide valuable information to the 
Agricultural Engineer, some of which are discussed below for various fields of applications 

Sl. 
No. 

Field of 
application 

Useful interpreted 
information 

Helpful in 

1. 
  

Command area 
development & 
Irrigation 
Engineering 

Crop area, Crop yield, Crop 
growth condition, Crop 
areas that are water 
stressed and are in need of 
water 

Estimating the amount of 
irrigation water that is to 
be supplied to an irrigated 
area over different seasons 
Location and alignment of 
field channels and 



Minor Irrigation 
 

208                                 www.AgriMoon.Com                      
 

structures 

2. 
  

Hydrology & 
Watershed 
management 

Different types of soils, 
rocks, forest and vegetation 
of a watershed, soil 
moisture 

Estimating runoff from a 
watershed, where the 
land-cover type and soil 
moisture would decide the 
amount that would 
infiltrate 
Estimating soil loss and 
capacity reduction of 
reservoirs 
Identification of drought 
periods and planning 
mitigation measures 

3. 
  

Reservoir 
sedimentation 

Plan views of reservoir 
extent at different times of 
the year and over several 
years 

Estimating the extent of 
sedimentation of a 
reservoir by comparing the 
extent of reservoir surface 
areas for different storage 
heights 

4. 
  

Drainage of 
flooded area 

Flood inundated areas 

Flood plain mapping and 
zoning for design of 
drainage 
Planning surface/ 
subsurface drainage 

5. 
  

Water Resources 
Project Planning 

Identification of wasteland, 
mapping of infrastructure 
features like existing roads, 
embankments, canals, etc. 
apart from plan view of a 
river 

Recent information helpful 
in planning and designing 
of a water resources 
project based on the 
present conditions of the 
project area 
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LESSON 28. Basics of Remote Sensing and Geographic Information System 

Remote Sensing (RS) is the science and art of acquiring information (spectral, spatial, 
temporal) about material objects, area, or phenomenon, without coming into physical contact 
with the objects, or area, or phenomenon under investigation. Without direct contact, some 
means of transferring information through space must be utilised. In remote sensing, 
information transfer is accomplished by use of electromagnetic radiation (EMR). 

Geographic Information System (GIS) that has wide applications in planning any spatially 
distributed projects. Fundamentally, a GIS is a map in an electronic form, representing any 
type of spatial features. Additionally, properties or attributes may be attached to the spatial 
features. Apart from its spatial data analysis capabilities, it provides an interface to remotely 
sensed images and field surveyed data. In short RS is the process of data capturing and GIS is 
the tool for analysing the captured data. 

28.1 Types of Remote Sensing 

28.1.1 In respect to the type of Energy Resources 

 Passive Remote Sensing: Makes use of sensors that detect the reflected or emitted 
electro-magnetic radiation from natural sources. 

 Active Remote Sensing: Makes use of sensors that detect reflected responses from 
objects that are irradiated from artificially-generated energy sources, such as radar. 

28.1.2 In respect to Wavelength Regions 

Remote Sensing is classified into three types in respect to the wavelength regions 

 Visible and Reflective Infrared Remote Sensing 

 Thermal Infrared Remote Sensing 

 Microwave Remote Sensing 

28.2 Bands Used in Remote Sensing 

In satellite remote sensing, cameras are fitted to the orbiting satellite and are focused towards 
the earth. However, the cameras are special in the sense that they are sensitive to other 
wavelengths of the electromagnetic spectrum as well. As may be observed from Figure1, the 
electromagnetic spectrum identifies the wavelength of the electromagnetic energy, of which 
the visible portion (or light) occupies only a small portion. 
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Actually, electromagnetic energy refers to light, heat and radio waves. Ordinary camera or 
the human eyes are sensitive only to the visible light. But the satellites are equipped with 
Electromagnetic Sensors that can sense other forms of electromagnetic radiations as well. 
This includes not only the Blue (0.4-0.5μm), Green (0.5-0.6μm) and Red (0.6-0.7μm) of the 
spectrum but also longer wavelength regions termed as the Infrared (IR) spectrum (0.7-
1000μm), which can again be further subdivided into the following: 

a) Photographic IR : 0.7-0.9μm 

b) Very near IR : 0.7-1.0μm 

c) Reflected/Near IR : 0.7-3.0μm 

d) Thermal IR : 3.0-1000μm 

Still longer wavelength is the microwave portion of the spectrum, which extends from 
3000μm to 3m. The common remote sensing systems operate in one or more of the visible, 
reflected-infrared, thermal-infrared and microwave portions of the spectrum. 

Remote Sensing Technology makes use of the wide range Electro-Magnetic Spectrum (EMS) 
from a very short wave "Gamma Ray" to a very long 'Radio Wave'. Wavelength regions of 
electro-magnetic radiation have different names ranging from Gamma ray, X-ray, Ultraviolet 
(UV), Visible light, Infrared (IR) to Radio Wave, in order from the shorter wavelengths. 

28.3 Interaction of electromagnetic radiation and earth 

Electromagnetic energy of the sun incident on the earth‘s surface reaches fully upto the top of 
the atmosphere and not all of this energy reaches the surface of the earth, since part of the 
energy gets either scattered, absorbed or reflected by the atmosphere or cloud cover, if any. 
Only a part is transmitted upto the earth‘s surface. Specifically, it may be said that although 
the electromagnetic radiation reaching the top of the atmosphere contains all wavelengths 
emitted by the sun, only specific wave bands of energy can pass through the atmosphere. 
This is because the gaseous components of the atmosphere act as selective absorbers. 
Molecules of different gases present in the atmosphere absorb different wavelengths due to 
the specific arrangement of atoms within the molecule and their energy levels. The main 
gaseous component of the atmosphere is nitrogen, but it has no prominent absorption 
features. Oxygen, Ozone, Carbon Dioxide and Water Vapour, the other major components 
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absorb electromagnetic wavelengths at certain specific wavelengths. The wavelengths at 
which electromagnetic radiation are partially or wholly transmitted through the atmosphere 
to reach the surface of the earth are known as atmospheric windows, as shown in Fig 29.2. 

 

Since these radiations reach the surface of the earth, they are useful for remote sensing as 
they would be reflected or absorbed by the features of the earth giving the typical signatures 
for the sensors in the satellite (or any other space borne device) to record. This is shown 
graphically in Fig 29.3. The remote sensing system sensors are designed in such a way that 
can capture information for those wavelengths of electromagnetic radiation that occur within 
the atmospheric windows. 

 

28.4 Energy Interactions, Spectral Reflectance and Colour Readability in Satellite Imagery 

All matter is composed of atoms and molecules with particular compositions. Therefore, 
matter will emit or absorb electro-magnetic radiation on a particular wavelength with respect 
to the inner state. All matter reflects, absorbs, penetrates and emits Electro-magnetic 
radiation in a unique way. Electro-magnetic radiation through the atmosphere to and from 
matters on the earth's surface are reflected, scattered, diffracted, refracted, absorbed, 
transmitted and dispersed. For example, the reason why a leaf looks green is that the 
chlorophyll absorbs blue and red spectra and reflects the green. The unique characteristics of 
matter are called spectral characteristics. Two points about the above given relationship 
(expressed in the form of equation) should be noted. 
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 The proportions of energy reflected, absorbed, and transmitted will vary for different 
earth features, depending upon their material type and conditions. These differences 
permit us to distinguish different features on an image. 

 The wavelength dependency means that, even within a given feature type, the 
proportion of reflected, absorbed, and transmitted energy will vary at different 
wavelengths. 

Thus, two features may be distinguishable in one spectral range and be very different on 
another wavelength brand. Within the visible portion of the spectrum, these spectral 
variations result in the visual effect called COLOUR. For example we call blue objects 'blue' 
when they reflect highly in the 'green' spectral region, and so on. Thus the eye uses spectral 
variations in the magnitude of reflected energy to discriminate between various objects. 

A graph of the spectral reflectance of an object as a function of wavelength is called a spectral 
reflectance curve. 

 

The lines in this figure represent average reflectance curves compiled by measuring large 
sample features. It should be noted how distinctive the curves are for each feature. In general, 
the configuration of these curves is an indicator of the type and condition of the features to 
which they apply. Although the reflectance of individual features will vary considerably 
above and below the average, these curves demonstrate some fundamental points concerning 
spectral reflectance. 

Band 
Wavelength 
(µm) 

Principal applications 

1 0.45-0.52 
Sensitive to sedimentation, deciduous/ coniferous forest cover 
discrimination, soil vegetation differentiation 

2 0.52-0.59 
Green reflectance by healthy vegetation, vegetation vigour, rock-soil 
discrimination, turbidity and bathymetry in shallow waters 

3 0.62-0.68 
Sensitive to chlorophyll absorption: plant species discrimination, 
differentiation of soil and geological boundary 

4 0.77-0.86 
Sensitive to green biomass and moisture in vegetation, land and water 
contrast, landform/ geomorphic studies. 
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28.5 Colour Discrimination based on Wavelengths of Spectral Reflectance 

28.5.1 Platforms 

The vehicles or carriers for remote sensors are called the platforms. Typical platforms are 
satellites and aircraft, but they can also include radio-controlled aeroplanes, balloons kits for 
low altitude remote sensing, as well as ladder trucks or 'cherry pickers' for ground 
investigations. The key factor for the selection of a platform is the altitude that determines the 
ground resolution and which is also dependent on the instantaneous field of view (IFOV) of 
the sensor on board the platform. 

28.5.2 Sensors 

 Active Sensors: Detect the reflected or emitted electromagnetic radiation from natural 
sources. 

 Passive Sensors: Detect reflected responses from objects that are irradiated from 
artificially-generated energy sources such as radar. 

The Indian Remote Sensing (IRS) satellites are, till now, equipped with active sensors that 
record images in four wave bands and others that record in a single wave band. The latest 
group of satellites available for earth imaging are the IRS-IC/ID. There are three sensors in 
these satellites, and each has its own characteristics, as given below. 

 LISS (Linear Imaging Self-Scanning Sensor)-III. This medium resolution sensor that 
records data in four spectral bands: Two in visible range (0.52-0.59μm and 0.62-
0.68μm), one in near infrared range (0.77-0.86μm), and one in short wave infrared 
(1.55-1.70μm) region. The spatial resolution, that is, the pixel size of the images are 
23m for the first three bands and 69m in the last band. 

 PAN (Panchromatic, or single wave band). This is a high resolution (5.8m pixel size) 
sensor operating in the 0.50-0.75μm range. 

 WFS (Wide Field Sensor). This is a coarse resolution (188m) sensor operating in two 
bands: visible (0.62-0.68μm) and near infrared (0.77-0.86μm). 

28.5.3 Resolution 

In general resolution is defined as the ability of an entire remote-sensing system to render a 
sharply defined image. 

 Spectral Resolution: Spectral Resolution of a remote sensing instrument (sensor) is 
determined by the band-widths of the Electro-magnetic radiation. 

 Radiometric Resolution: It is determined by the number of discrete levels into which 
signals may be divided. 

 Spatial Resolution: It is determined in terms of the geometric properties of the imaging 
system. 
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 Temporal Resolution: Is related to the repetitive coverage of the ground by the remote-
sensing system. 

28.6  Indian Remote Sensing Satellite (IRS) 

A satellite with remote sensors to observe the earth is called a remote-sensing satellite, or 
earth observation satellite. Remote-Sensing Satellites are characterised by their altitude, orbit 
and sensor. India has launched several satellite includes IRS 1A, IRS 1B, IRS 1C, IRS 1D, IRS P 
2,IRS P 3, IRS P 4 for different applications. 

28.6.1 Landsat 

It is established at an altitude of 700 km is a polar orbit and is used mainly for land area 
observation. Other remote sensing satellite series in operations are: SPOT, MOS, JERS, ESR, 
RADARSAT, IKONOS etc. 

28.6.2 Basic Concept of LiDAR Mapping 

The accuracy and functionality of many GIS projects rely to a large extent on the accuracy of 
topographic data and the speed with which it can be collected. The recently emerged 
technique of airborne altimetric LiDAR has gained considerable acceptance in both scientific 
and commercial communities as a tool for topographic measurement. 

The LiDAR instrument transmits the laser pulses while scanning a part of terrain, usually 
centred on and co-linear with, the flight path of the aircraft in which the instrument is 
mounted. The round trip travel times of the laser pulses from the aircraft to the ground are 
measured with a precise interval timer. The time intervals are converted into range 
measurements, i.e. the distance of LiDAR instrument from the ground point struck by the 
laser pulse, employing the velocity of light. The position of aircraft at the instance of firing 
the pulse is determined by Differential Global Positioning System (DGPS). During the 
movement of aircraft experience lot of distortions in altitude, lateral movements so on but 
these warps are taken care by the instrument to yield accurate coordinates of points on the 
surface of the terrain. Laser mappers acquire digital elevation data with accuracies equivalent 
to those of GPS, but thousands times faster. 

28.7 Basics of Digital Image Processing 

Remote sensing images are recorded in digital form and then processed by the computers to 
produce images for interpretation purposes. Images are available in two forms - 
photographic film form and digital form. Variations in the scene characteristics are 
represented as variations in brightness on photographic films. A particular part of scene 
reflecting more energy will appear bright while a different part of the same scene that 
reflecting less energy will appear black. 

Digital image consists of discrete picture elements called pixels. Associated with each pixel is 
a number represented as DN (Digital Number), that depicts the average radiance of relatively 
small area within a scene. The size of this area effects the reproduction of details within the 
scene. As the pixel size is reduced more scene detail is preserved in digital representation. 
The images recorded by a remote sensing sensor is a digital map of the scene that comprises 
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of a regular grid array of squares, called pixels, with an unique value attached to each. The 
value of each pixel is proportional to some property, like average reflectance, recorded by the 
sensor for the equivalent area on the ground. The pixel values normally range from 0 to 255. 
For example, images recorded in the visible spectrum are usually a combination of three 
values for each pixel, one each for blue, green and red colours. For each colour, the pixel has 
a value ranging from 0 to 255. A pixel that records the image of a pure white area, will have 
the pixel values of all the three bands as 255. For a pure black region, the three individual 
bands would have values of 0. A blue looking area shall have the value 255 for the image that 
records the blue colour, and 0 for green and red. 

Digital image processing is a collection of techniques for the manipulation of digital images 
by computers. Digital image processing encompasses the operations such as noise removal, 
geometric and radiometric corrections, enhancement of images, information extraction and 
image data manipulation and management. 

28.8 Spectral signatures 

By deducing earth features from Multi Spectral Scanned (MSS) images the Water Resources 
Engineer may derive various important information of a wide region of the earth that may be 
useful for analysis. Hence, primarily, the earth features have to be identified from MSS 
images based on the Spectral Reflectance characteristics or signatures of various objects. An 
MSS data of a region comprises of two or more images of the same area that has been 
scanned by the remote sensing sensor. For example, the LISS-III sensor shall give four images 
of the area corresponding to the four spectral bands in which the data is collected. Each of 
these images comprise of data stored for each pixel, which is in the form of a Digital Number 
(DN) corresponding to the pixel‘s average reflectance property in the particular waveband. 
The DN varies from 0 to 255, and hence, each image may be printed or discussed in a gray-
scale. However, all the four images for a region printed or displayed in gray-tone may not be 
useful individually. Hence, a combined image is produced, called the False Colour 
Composite (FCC) image, which combines the characteristics of the images of all the four 
bands. 

An FCC image which simulates a colour infrared image, the visual interpretability of features 
is better than that from image of each band taken separately. The typical colour signatures of 
some of the features on the surface of the earth in standard FCC is given in the following 
table: 

Features on the earth surface Colour signature 

Healthy reflection 
Broad leaf type 
Needle leaf type 

  
Red to magenta 
Reddish brown to purple 

Stressed vegetation 
Pre-visual stage 
Visual stage 

  
Pink to blue 
Cyan 

Water   



Minor Irrigation 
 

216                                 www.AgriMoon.Com                      
 

Clear 
Turbid due to sediments 

Dark blue/black 
Light blue 

Soil 
Red soil/red bed outcrop 
Moist soil 
Sand-dunes 

  
Yellow 
Distinct dark tong 
Yellow/white 

Land-use 
Uncultivated land 
City/town 

  
Blue/white 
Blue 

Others 
Cloud/snow 
Shadow* 

White 
Black with a few visible details 

 

∗Shadow is not very significant in MSS satellite images with the present day spatial 
resolution as the scales of features are too small to aid in recognition. 

28.9 Image Processing Methods 

Image processing methods may be grouped into three functional categories: 
28.9.1 Geometric and Radiometric Corrections 

The correction of errors, noise and geometric distortions introduced during scanning, 
recording and playback operations. However, the data supplied by NRSA-Hydrabad is 
corrected for these errors. Hence, we are restricted to the enhancement techniques and 
information extraction. 

28.9.2 Image Enhancement 

 Linear Contrast Enhancement: Very few scenes have a brightness range that utilises 
the full sensitivity range of the detectors. To produce an image with the optimum 
contrast ratio, the entire brightness range of the display medium, should be utilised. In 
linear contrast we have to assign the low end as 0 (zero) and the high end as 1(One) 
and the other values in between are linearly stretched. The linear stretch improves the 
contrast for most of the original brightness values. 

 Spatial Filtering: Spatial Filtering is a pixel by pixel transformation of an image, 
which depends on the grey-level of the pixels concerned as well as the grey level of the 
neighbourhood pixels. It is a procedure in which grey level of a pixel is altered 
according to its relationship with respect to the grey level of the neighbouring pixels. 

28.9.3 Information Extraction 

In the case of information extraction processes the computer makes decisions to identify and 
extract specific pieces of information. 
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Computer algorithms are available in Image Processing Software Packages that make use of 
these numbers to identify the feature of land corresponding to each pixel. The numerical 
operations carried out on these digital images are grouped as follows: 

1. Pre-processing: Removal of flawed data, correction of image. 

2. Image registration: Translation, solution or stretching of the image to match earth‘s true 
geometry. 

3. Image enhancement: Improving images or image patches that suffer from low contrast 
between pixel DN values. 

4. Image filtering: Methods to identify clearly the boundary between two district regions of 
separate reflectance characteristics. 

5. Image transforms: Combination of one or more images of different spectral bands of the 
same area. 

6. Image classification: Automatic categorization of pixels into various land-cover classes. 

Though digital image interpretation has the capability to classify earth surface features with 
the help of a computer, it must be supplemented with ground truthing, that is, verification of 
the interpreted regions with actual information gathered from the ground by field survey. 

28.10 Geographic Information System (GIS) 

A GIS is a computer application program that stores Spatial and Non-Spatial information in a 
digital form. Spatial information for an area is what is traditionally represented in maps 
which for a region, may broadly be classified as given in the following table. The 
corresponding source of such data for our country is also indicated. 

Sl. 
No. 

Spatial features of a region May be obtained from 

1. 
  

• Elevation contours 
• Drainage 
• Location of roads, towns, villages 

Survey of India, in the form of Topo-
Sheets 

2. 
  

Soil map 
National Burean of Soil Survey and 
Land Use Planning 

3. 
  

Geological map Geological Survey of India 

4. 
  

Latest information on land-use and land-cover, like 
• Vegetation, forest, crops, etc. 
• Towns, villages and other human habitation 
• Roads, Embankments, Canals 
• Rivers 

Satellite imageries 
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5. 
  

Maps of District, Block, Thana, Mouza, Taluk, etc. State Land Record office 

6. 
  

Location of ground water wells and corresponding water 
tables as observed over time 

Central or State Ground Water Boards 

  

Non-Spatial data, also called Attributes, refer to information like demographic distribution of 
a town or a village, width or identification tag of a road (like NH-6), daily discharge of a river 
at a particular place, etc. Thus, a GIS conveniently manages all variety of data of a given 
region in a single electronic file in a computer. This is helpful to any regional planner, 
including that of a Water Resources Project since all information is conveniently stored and 
accessed with the computer. Further, though the scales of various printed maps may be 
different, a GIS stores all of them in the same scale. Normally, different spatial features are 
stored in sub-files, called layers. Hence, one may use the GIS to open all the layers showing 
all thematic features. Else, one may display one or a few themes at a time by activating the 
respective layers. For example, the land-use layer may be displayed along with elevation 
contours, the other layers being kept off. 

Important features of GIS software includes handling of spatial and attribute data, data input 
and editing, data analysis and output of data, which are discussed briefly in the following 
sections. 

A GIS may be considered to comprise of the following components: 

 A software package, the components of which include various tools to enter, 
manipulate, analyse and output data 

 A computer system, consisting of the hardware and operating systems. 

28.11 Handling of spatial and attribute data in GIS 

There are two types of data storage structures in a GIS-Raster and vector. According to the 
Raster system, the space is assumed to be divided into a grid of cells, with a certain value 
attached to each cell according to the data that is represented by a grid of cells, would be 
done by marking the corresponding cells black (and assigning a value 1), with all other cells 
remaining vacant (that is, assigning a value of 0). In the vector system of data storage, the 
particular point would be stored by the coordinates of the location. This was an example of a 
point feature. Other types of geographic features include line, area, network of lines and 
surface, which have been shown in Fig 29.5. 

It may be noticed that in the raster grid representation of an area, the size of the grids is a 
choice of the person using the GIS. For example, in representing the spatial information of a 
town, a grid size of 10 to 25 m may be sufficient but for a state, 100 to 250 m would be 
enough. Adopting a finer grid size would, naturally, provide a better representation of data. 
But that would require a higher computer storage space, which therefore has to be judged 
optimally. 
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For vector data representation, too, a better resolution of data may be achieved for line 
features by selecting more number of points closely. This applies also for representing the 
lines defining the boundary of an area. For surface representing more number of points 
defining the elevation contours would result in a more precise definition of the region. 

Attribute data is non-spatial, that is, it is not something that varies continuously in space. 
This is actually the database that defines the spatial data. For example, the location of ground 
water wells is a spatial data, but the water level record or variation of water level with time is 
an attribute data of the particular well. Similarly, rivers may be represented as a network of 
lines, but the width and average depth at different points would be represented as attribute 
data. 

28.12 Input and editing of data in GIS 

The user of a GIS has to input data, whether Spatial (in Raster or Vector formats) or Non-
Spatial (usually in the form of tables). Spatial data may be obtained from different sources 
and in different formats, as listed under 29.11. They may be input into a GIS in a variety of 
methods, depending on the format in which they are being supplied. For example, maps 
would usually be supplied in printed sheets but the satellite image of an area or the land-use 
map derived from it would be in electronic, that is digital, form. The latter may be directly 
transferred to a GIS but the former has to be Scanned and then Digitized. Scanning means 
producing an electronic file of the image, which would usually be a raster representation of 
the map. This may be done with the help of scanners that are available from sizes of A4 (the 
smallest) to A0 (the largest). The scanned images are not of much use to a GIS since it does 
not differentiate between the different objects indicated in the image. For this, manual help is 
required in the form of Digitization, where by a person uses a mouse over the scanned image 
to physically point to the various features and store them in GIS format. In order to do this, 
the vectorization tools of the GIS software would be used. Tabular attribute data may be 
directly transferred to a GIS and attached to the corresponding spatial data with certain tools 
provided by the GIS software. All the various data are stored in a GIS as layers, or themes. 

After data input, the uses might have to edit some of the data to remove duplicacy, 
redundancy, etc. of some of the vector data or to remove specks or ‗noise‘ in raster data. The 
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errors in the vector data appears while undergoing the process of digitization and therefore, 
has to be corrected before an analysis with the data is made. For example, while digitizing 
the boundary of a reservoir from a map, the starting and ending points may not be located 
right over one another. The GIS would not recognize the outline as a closed boundary, and 
the reservoir plan cannot be defined as an area. Hence, an editing has to be done to correct 
this deficiency. Errors in raster data appear due to a variety of reasons, one being the 
presence of aberration during data capture. For example, LISS-III MSS imagery of an area 
used to classify land-use may be misrepresented by the presence over some places, unless 
these are removed, they may lead to false interpretation of land-use classification. 

Once spatial and attribute data have been enclosed and edited, it may be necessary to process 
the different data obtained through various sources in such a way, that all are geometrically 
compatible. 

Some of the mathematical transformations used in this process are: 

1. Translation and scaling 

2. Creation of a common origin 

3. Rotation 

28.13 Analysis of data in GIS 

Once the derived data has been input in a GIS, they are analysed to derive meaningful 
information. Infact, analysis is essential for any decision-making strategy that may be derived 
from the stored GIS data. For example, imagine a GIS data that provides locations of ground 
water wells of a region and their corresponding water levels measured every month. This is 
overlain with the village boundary data of the region. By plotting the ground water table 
surface for every month, it may be seen which villages consume more water and when. In 
this simple example, the analysis is between two different data sets but overlain in the same 
GIS. 

More complicated analysis may be done by interacting more themes or data layers. For 
example, if it is required to obtain the names of the villages that suffer from excess 
groundwater depletion in summer and also whose population is more than 10,000 then the 
population attribute data has to be considered in the query. Another example of using three 
layers for data analysis includes that of finding the names of the villages that are within 1 km 
distance from a river and also located at an elevation of 50 m or less. In this case, the river 
feature has to be ‗buffered‘ with a 1 km zone on either bank and the surface area below 50 m 
elevation has to be plotted from the digitized contour map. On top of this, the layer 
representing digitized boundaries of villages has to be overlain to get the desired output. 

Though the above examples are only limited to analysis of recorded data, considerable scope 
lies in the use of GIS data along with mathematical modeling tools that mimic physical 
processes. For example, watershed runoff model may be conveniently integrated with GIS to 
provide answers like: 
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 Which areas of a watershed produce more runoff if a rainfall of a particular intensity is 
given? 

 If the land-use map of the area is overlain on the above is it possible to find out the 
areas that are prone to excessive soil erosion? 

Hence, a GIS database may become extremely useful, if coupled with a modelling software. 
Much work on similar lines has been done by Prof. Maidment of University of Texas by 
integrating GIS with hydrologic process models. Interested users may visit the following site 
for more information in the following web-site: 

http://www.ce.utexas.edu/prof/maidment/GISHYDRO/home.html 

28.14 Data output in a GIS 

The most common form of output from a GIS is a map. In many cases, a thematic map would 
be that illustrate the spatial variation or pattern in a particular variable. Apart from maps, a 
GIS output may be in the form of table, like that that showing the names of villages whose 
groundwater drawdown is more understandable may be output for the decision-makers. For 
example, the ground water table contour may be output as a three dimensional surface, 
which may provide a visual guide to the trend of the water table‘s dip. 
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Module 9 - Participatory Irrigation Management 

LESSON 29. Participatory Irrigation Management (Pim) 

Introduction 

The Irrigation Enquiry Committee, 1938 also known as Visvesvaraya Committee, 
recommended entrusting irrigation to a village or group of villages if the farmers were 
willing to cooperate in irrigation management. The Command Area Development 
Programme started in 1974 envisaged the participation of farmer organisations from the start. 
The Sixth Plan emphasized the need for participation of farmers in the scientific management 
of water resources. The Seventh Plan reiterated the need for participation at farmers in the 
management of irrigation. The National Water Policy, 1987 also stressed the involvement of 
farmers in various aspects of water management particularly in water distribution and 
collection of water rates. The Committee on Pricing of Irrigation Water (1992) also 
recommended farmers participation in the management of irrigation systems. It is estimated 
that in 1995 only 804.000 hectares were being managed by Water User Associations (WUAs). 
The National Water Policy, 2002 stresses on participatory approach in water resources 
management. It has been recognized that participation of beneficiaries in water resource 
management will help considerably in proper upkeep of irrigation system and optimal 
utilization of irrigation water. The participation of farmers in the management of irrigation 
would promote responsibility for operation and maintenance and collection of water charges 
from the areas under the jurisdiction of Water Users' Association (WUAs). A one-time 
functional grant is provided to the registered WUAs under the programme. Minimum 
contribution of 10 per cent for beneficiaries has been made mandatory in the cost of 
construction of field channels, full package OFD works, reclamation of water logged areas 
and one time functional grant to WUAs. 

29.1 OBJECTIVES OF PIM  

The main objectives of PIM are:  

1. To create a sense of ownership of water resources and the irrigation system among the 
users, so as to promote economy in water use and preservation of the system. 

2. To improve service deliveries through better operation and maintenance. 

3. To achieve optimum utilization of available resources through sophisticated 
deliveries, precisely as per crop needs. 

4.  To achieve equity in water distribution. 

5. To increase production per unit of water, where water is scarce and to increase 
production per unit of land where water is adequate. 
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6. To make best use of natural precipitation and ground water in conjunction with flow 
irrigation for increasing irrigation and cropping intensity. 

7. To facilitate the users to have a choice of crops, cropping sequence, timing of water 
supply, period of supply and also frequency of supply, depending on soils, climate 
and other infrastructure facilities available in the commands such as roads, markets 
cold storages, etc., so as to maximize the incomes and returns. 

8. To encourage collective and community responsibility on the farmers to collect water 
charges and payment to Irrigation Agency. 

9. To create healthy atmosphere between the Irrigation Agency personnel and the users. 

29.2 NECESSITY OF PIM 

It is imperative to increase the agricultural production to keep pace with the requirement of 
increasing human as well as bovine population.  Irrigation being lifeline of agriculture, its 
development and meticulous management is the necessity of the day.  Since farmers are the 
real stakeholders, they have to come forward to actively participate in the management of the 
irrigation systems. O&M cost of the irrigation systems is much higher than the recoverable 
irrigation charges as per present rates in almost all the States.  Even these low rates are not 
being recovered in full.  Often the cost of recovery of water charges by Government is more 
than the amount recovered.  This is causing severe budget constraints to Government and 
consequently O&M could not be properly carried out resulting in system deficiency and 
unreliability of irrigation water to farmers.  The Water Users‘ Associations could play this 
role in a better way.  

Besides, there are other compulsions like non availability of water when it is needed, taking 
immediate problems like leakages, adopting flexibility in water distribution and taking many 
more initiatives by farmers‘ group to make their farm economy a sustainable proposition, 
PIM appears extremely necessary and worthwhile.  

29.3 PROVISIONS IN PIM ACTS  

Recognizing the need for sound legal framework for PIM in the country, the Ministry 
brought out a model act to be adopted by the State Legislatures for enacting new irrigation 
acts/amending the existing irrigation acts for facilitating PIM. The legal framework provides 
for creation of farmers organisations at different levels of irrigation system as under:  

1. Water Users’ Association (WUA):  will have a delineated command area on a 
hydraulic basis, which shall be administratively viable.  Generally a WUA 
would cover a group of outlets or a minor. 

2. Distributary Committee: will comprise of 5 or more WUAs.  All the presidents 
of WUAs will comprise general body of the distributary committee. 

3. Project Committee:  will be an apex committee of an irrigation system and 
presidents of the Distributary committees in the project area shall constitute 
general body of this committee. 
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The Associations at different levels are expected to be actively involved in   (i) maintenance of 
irrigation system in their area of operation; (ii) distribution of irrigation water to the 
beneficiary farmers as per the warabandi schedule; (iii) assisting the irrigation department in 
the preparation of water demand and collection of water charges; (iv) resolve disputes 
among the members and WUA and  (v) monitoring flow of water in the irrigation system 
etc.  

29.4 STATUS OF ENACTMENT OF LEGISLATION FOR PIM   

As a result of various conferences/ seminars organised by the Ministry, there has been an 
increased consciousness in States about the need for actively involving farmers in 
management of irrigation system. Accordingly some States have already taken steps for 
providing necessary legal back up for implementation of PIM Programme in their States. 
Details are given below: 

Sl. 
No. 

Name of State Position of issue / amendment of Irrigation Act 

1. 
Andhra 
Pradesh 

Enacted “Andhra Pradesh Farmers’ Management of Irrigation Systems Act, 
March, 1997” 

2. Goa Enacted “Goa Command Area Development Act 1997 (Goa Act 27 of 1997)” 

3. Karnataka 
Promulgated an Ordinance on 7th June 2000 for amendment of the existing 
Karnataka Irrigation Act 1957. 

4. 
Madhya 
Pradesh 

Enacted “Madhya Pradesh Sinchai Prabandhan Me Krishkon Ki Bhagidari 
Adhiniyam, 1999” during September 1999. 

5. Orissa Enacted “The Orissa Pani Panchayat Act, 2002”. 

6. Rajasthan 
Passed the “Rajasthan Sinchai Pranali Ke Prabandh Me Krishkon Ki 
Sahabhagita Adhiniyam, 2000”. 

7. Tamil Nadu 
Enacted the “Tamil Nadu Farmers’ Management of Irrigation Systems Act, 
2000”. 

8. Kerala Enacted “The Kerala Irrigation and Water Conservation Act 2003”. 

9. Bihar 
“The Bihar Irrigation, Flood Management and Drainage Rules, 2003” under 
the Bihar irrigation Act, 1997 

10. Maharashtra 
Maharashtra Management of Irrigation Systems by Farmers Act 2005 
(Maharashtra Act No.XXIII of 2005). 

  

Gujarat had experimented with the idea of farmers‘ co-operative movement in irrigation 
management and had also a PIM Resolution during the year 1995 based on experiences from 
its pilot projects. The State-wise details of WUAs formed are given in the Table below: 
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TABLE 29.1 State-wise Number of WUAs Formed and Irrigated Area covered upto 2011 

Sl. No. Name of State Number of WUAs formed 
Area covered 
(‘000 ha) 

1. Andhra Pradesh 10790 4800.00 

2. Arunachal Pradesh 2 1.47 

3. Assam 37 24.09 

4. Bihar 37 105.80 

5. Chattisgarh 945 N.A. 

6. Goa 42 5.00 

7. Gujarat 576 96.68 

8. Haryana 2800 200.00 

9. Himachal Pradesh 875 35.00 

10. J&K 1 1.00 

11. Karnataka 2279 1052.41 

12. Kerala 3930 148.48 

13. Madhya Pradesh 1470 1501.45 

14. Maharashtra 1299 444.00 

15. Manipur 62 49.27 

16. Meghalaya 99 N.A. 

17. Nagaland 25 N.A. 

18. Orissa 11020 907.00 

19. Punjab 957 116.95 

20. Rajasthan 506 219.65 

21. Tamil Nadu 7725 474.28 

22. Uttar Pradesh 24 10.55 

23. West Bengal 10000 37.00 

  Total 55501 10,230.08 
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say, 10.23 M ha 

 

 Ref: http://planningcommission.nic.in/plans/planrel/fiveyr/11th/11_v3/11v3_ch2.pdf -
Table 2.13 

In case of Andhra Pradesh, Madhya Pradesh and Orissa, a number of associations have been 
formed under the new Act.  However, in case of West Bengal associations have been formed 
at Minor Irrigation Level under RIDF and in other States the associations are formed under 
Societies Registration Acts / Co-operative Acts which have no specific role of Irrigation 
Departments defined. 

29.4 CONSTRAINTS IN IMPLEMENTATION OF PIM (ISSUES)  

There are a number of constraints in making the PIM sustainable in the long run.  Some of 
these are: 

(i)  Lack of legal back up and policy changes: In many States, there is no or very little legal 
back up and lack of policy decision at the Government level to take up PIM, which is a big 
impediment in implementation of PIM.   

(ii)  System deficiency:  In older projects, there are many problems like deterioration of old 
control and measuring structures, leakages and seepage at various places, erosion of banks 
and beds, siltation and weed infestation.  These are serious problems, hindering farmers to 
take over the system management on technical and financial considerations.  

(iii)  Uncertainty of water availability:  This is another important aspect, as farmers will 
understandably be reluctant to take on the responsibility for managing the system unless 
deliveries of water are made reliable, flexible, practical and responsive to need. The engineers 
on their part may not be confident about ensuring supply of the requisite quantity of water to 
the WUAs, as would be obligatory in terms of the MOU signed between Irrigation Agency 
and WUA.   

Further, the farmers who have their holdings at the head of the canal tend to appropriate 
more water than required, whereas the farmers at the tail end often fail to get their 
apportioned share of water.  Head-enders, therefore, have vested interest in continuing the 
existing arrangements.  The tail-enders may not be keen to form WUAs as water supply in 
such areas remains inadequate and erratic and they remain apprehensive that the situation 
will not be materially altered if an association is formed.  These differences in perceptions 
and conflicts of interests inhibit the coming together of head end and tail end farmers.   

(iv) Fear of financial viability:  Maintenance and operation of the system demands huge 
finances.  Farmers have got the apprehension that in absence of surety of finance, it would be 
difficult for them to fulfill the requirement of funds for operation and maintenance.  They feel 
that when Government is not able to handle the system with huge money available with 
them, how farmers would be able to do justice?  

http://planningcommission.nic.in/plans/planrel/fiveyr/11th/11_v3/11v3_ch2.pdf
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(v)  Lack of technical knowledge: Apart from the financial uncertainty, lack of technical 
input is one of the inhibiting factors to take over the system.    

(vi) Lack of leadership: On account of limited exposure of the farmers to the rest of the 
world and PIM in particular, potent leadership is lacking, rather on account of limiting 
knowledge. At times so called local leaders give the negative or unclear version before other 
farmers which further create misunderstanding among the farmers bringing them sometimes 
into a fix.  

(vii)  Lack of publicity and training: Seeing is believing; and knowledge brings confidence in 
people.  This aspect is lacking and there is a constraint to adoption of PIM.  

(viii)  Demographic diversity: Due to variation in economic, ethnic, education levels etc. 
diversity of farmers, PIM is taking much time in this country.  To handle this aspect deep 
study, analysis and solution need be found out.  

(ix)  Mega irrigation projects: World scenario gives an indication that there are smaller 
projects in the countries of the world, where irrigation project transfer has taken care for 
PIM.  In India, there are huge projects having very large distribution system and culturable 
command area sometimes more than 20 lakh hectares.  Larger the project, complex would be 
its maintenance, operation and management aspects and so the formation and functioning of 
farmers associations for different necessary activities.   

(x)  WUAs v/s Panchayats: In many of the areas, where WUAs have been formed, there is a 
clash of interest among Panchayats and WUAs on who is to own the system, particularly 
when watershed schemes are being handed over to the Panchayats.   
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LESSON 30. Case study in Tamilnadu 

Introduction 

Farmers‘ participation in irrigation management is not entirely new to India. There is 
considerable evidence that farmers in pre-independence years had been involved in 
irrigation management in different parts of the country. The phad system of Nasik and Dhule 
districts and the Malgujari tanks of Chandrapur and Bhandara districts in Maharashtra, the 
Ahar-Pyne system of Bihar, the Kuhl system of H.P. and the Kudimaramath of Tamilnadu 
are some of the important examples of PIM under traditional irrigation. Vestiges of these 
practices still survive though these have become quite weak or even extinct with the passage 
of time. A few formal water users associations were also formed from time to time like the 
Vadakku Kodai Melazhahian Channel Land Holders Association in Tamilnadu in December 
1959, Malinagar Irrigators' Water Cooperative Society in Maharashtra in 1967, Vaishali Area 
Small Farmers Association in Bihar in 1971, Mohini Water Cooperative Society in Gujarat in 
1978. These were, however, isolated examples which could be counted on fingers. Irrigation 
management from top to bottom remained concentrated in the hands of the government. It 
may be said that since 1972, after the establishment of CADA, a large number of farmer 
organisations at the outlet level were formed under the CAD projects. These were variously 
described as pipe committees, outlet committees and WUAs. These, however, lacked 
authority and responsibility and, therefore, could not serve any useful purpose. Many of 
these became non-functional after some time. 

Farmers' participation in irrigation management continued to be non-existent or at most 
nominal in a limited number of projects. Water was and continues to be exploited, harnessed, 
conveyed, controlled, regulated and distributed by the government agencies. The agencies / 
departments by whatsoever name they are known in different states not only allocate and 
distribute water but collect fees and have also a say in crop pattern. In some states, however, 
the collection of water fees is assigned to a different department, viz., revenue. 

30.1 Lower Bhavani Project – case study in Tamil Nadu 

In Tamilnadu, management of irrigation system was the responsibility of Public Works 
Department (PWD). Besides irrigation canals, PWD also looked after tanks with command 
area exceeding 40 hectares, while Rural Development Department looked after irrigation 
from tanks having less command area. The command area development was the 
responsibility of a special wing of Agricultural Engineering Department (AED). The 
Command Area Development Programme sponsored by the Central and State Government 
were taken up in the command area of LBP from the year 1982-83 to 1998-99. Under the 
guidelines of the Central Government, the above was taken up by the Agricultural 
Engineering Department, Government of Tamil Nadu. 
On Farm Development works like the lining of open field channels, laying of underground 
pipelines, construction of division box, diversion box, cart track crossing, inverted siphon, 
etc,. were taken up in each sluice level according to the requirements. The survey, 
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preparation of estimates, execution of works were carried out by the Technical wing of the 
Agricultural Engg Dept. The entire programme was completed in the year 1998-99. The 
above works facilitates distribution network and infrastructure and regulate the water below 
sluiceoutlet. 
 
The planning for construction of field channels was done by taking into the consideration of 
the needs of the head reach farmers so that their interference was eliminated by giving way 
to tail end farmers for irrigation water. This was the starting point for establishing equity in 
the entire sluice command. This has been achieved in all the project using the optimum flow 
blockconcept. 
 
By adopting optimum flow concept the discharge allowed through the sluice was divided 
and distributed through the field channel dividing the whole sluice command into the 
different blocks and conveying the stream size (flow selected at the block level) through field 
channels. Rotation Water Supply (Warabhandi) Scheme also implemented in the Command 
area by way of preparing predetermined schedule specifying the day, time and duration of 
supply to each irrigation in proportion to holding in an outlet command. The one time 
functioning grant of Rs.450/-per hectare (Central Share Rs.225/-, state share Rs.225/-) was 
released to the farmers council on receipt of farmers contribution of Rs.50/- per hectare. The 
functional grant and farmers contribution were deposited in the Nationalised Banks in the 
name of Superintendent Engineer, Agricultural Engg. Department, and the President of the 
respective farmers council. 

30.2 Keel Bhavani WUA - Lower Bhavani Project – case study 

Keel Bhavani WUA was an important WUA in the Thindal distributary of Lower Bhavani 
Project which was one of the Command Area Development Projects operated by the 
Agricultural Engineering Department of Tamilnadu since 1982. The cultural command area 
of Lower Bhavani Project was 83,770 ha. During the year 1987- 88 the participation and 
involvement of farmers was given a thrust and the concept of farmers associations for each 
sluice was piloted. There were some initial troubles due to the reluctance of head reach 
farmers. But when the concept of equitable distribution was explained to them, their 
reluctance disappeared and they agreed to form associations. Another difficulty in organising 
the farmers for a "Group Action" was the prevailing internal conflicts arising out of sharing 
water and other social problems which are usually found in villages like inter group conflicts, 
social tension etc. Resolving these problems needed a different approach. The success came 
through the process of catalisation for which fresh Diploma Engineers in Civil Engineering 
were recruited trained and were posted as Irrigation Community Organisers. They stayed in 
villages and got themselves integrated with farmers. This brought the farmers together for 
group action in organising water management programmes. The complete strategy on water 
management was evolved in consultation with farmers giving full consideration to their 
views and suggestions. This helped in creating an awareness among farmers and a binding to 
the implementation of the strategy. 
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30.3 Salient features of Lower Bhavani Project- Normal Irrigation Season 

Extent of Irrigation 

a) 1st Turn 15th August to 15th December 96,734 ha 

b) 2nd Turn 15th December to March 15th 94,406 ha 

Irrigation was permitted through the authorised source only and during the period when 
water is allowed in the channel for irrigation to the registered command area (ayacut) fields 
within the permitted ayacut. In lower Bhavani, main canal distributaries were not lined. 

30.4 Thindal Distributary 

Thindal distributary of the Lower Bhavani Project was selected for the study, as this provided 
considerable experience for the purpose. It was one of the better managed associations. The 
distributary takes off at mileage 60-4-500 of Lower Bhavani Main canal traversing through 
Erode district. This distributary and its four branches irrigated 823.33 ha of land in the first 
turn and 841.67 ha of land in the 2nd turn in a particular year. The above canals were 
designed with a duty of 60 acres or 24.29 ha / cusec and regulated with a maximum 
discharge of 34 cusec at head sluice. The bed fall of canal was 60 cm for 1800 m (2 ft / mile) 
and in the Ayacut area 62 sluices were provided to control the flow of irrigation water in the 
fields. 

Table 30.1 Details of the Thindal Distributary and its Branches 

Name Length in km Ayacut in ha. 

Ist turn 2nd turn 

Main Thindal Distributary 9.90 267.86 414.53 

Branches       

Moolak Karai 0.90 154.40 — 

Vannan Kattu Valasu 1.10 — 150.02 

Valli Purathani Palayam 4.70 400.97 — 

Nanjana Puram 2.90 — 277.12 

Total Command area   823.23 841.67 

  

Water management was done with the help of Irrigation assistants (lashkars) under the direct 
supervision of Assistant Engineers. Normally paddy was grown in the 1st turn during 
August to December and dry irrigated crops such as groundnut or gingelly during January to 
April. Irrigation encountered certain problems as detailed below. 
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i. The canal system was extensively silted which caused a reduction in carrying capacity of 
canals and ultimately affected the tail end farmers. 

ii. Embankment reaches had become weak and distressed and needed to be rehabilitated. 

iii. Due to the non- modernisation of the canals and damaged structures, a loss of 20 to 30 
percent of water took place through seepage. 

iv. Due to the increased number of wells in the non Ayacut areas, water was recharged 
through canals, and thus there was loss of water in the registered ayacuts. 

v. About 60 shutters had become old and worn out and a tight closure of sluice was 
becoming impossible. Irrigation Department was reported to be taking emergent steps to 
regulate water by repairing the shutters using the available funds. 

vi. There was illegal tapping of water using hoses by farmers belonging to non- ayacut areas 
or belonging to non turn ayacuts. They either syphoned water from canals or connected the 
nearby wells with canals and thus indulged in unruly activities which ultimately caused 
shortage of water to the tail enders. 

vii.When the people committing crimes were caught, political pressure or interference was 
resorted to and they escaped without getting penalised. 

viii. It was also pointed out that farmers were not cooperating for turn-system during lean 
periods. 

30.5 Formation of WUA 

The structuring of the farmers organisation was conceived at three levels, namely Farmers 
Association at the sluice level, Farmers Council at the level of distributary with an area of 
command of 2000 ha and an Apex Council for the command area as a whole. In the process 
of forming farmers‘ organisation, the farmers were consulted many times by the specially 
appointed Irrigation Community Organisers (ICO) who was posted in villages to work with 
farmers. The ICOs met the farmers many times as they could and in many cases became part 
of their every day life. The problems posed by farmers were identified and the Agricultural 
Engineering Department took up on farm development work for which estimates were 
prepared and rectifications were carried out. The ICOs were the moving force and their 
involvement motivated the farmers to form Farmers Organisation. 

The formation of WUA was greatly facilitated by financial support in the form of managerial 
subsidy given by the government to the Farmers' Councils. This was a one time grant at the 
rate of Rs. 450 per ha of total irrigated land from the government (Rs. 225 each from the 
centre and Rs. 225 from the state). This was subject to farmers contributing Rs. 50 per ha. This 
amount was deposited in a nationalised bank under fixed deposit jointly in the names of 
Chief Engineer (Agricultural Engineering) and the Farmers Council. The interest amount 
accruing out of fixed deposit could only be drawn and utilised for the operation and 
maintenance of system below distributary level and for running of the Council. 
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The farmers' association named as Lower Bhavani Warabandi farmers‘ council (Keel Bhavani 
Muraineer Pasana Vivaisgal Sabai) was registered on 11th May 1988. Memorandum of 
Understanding, however, could not be signed as yet since the entire Cauvery command of 
which Bhavani river was also a part was under river water dispute. Water charges continued 
to be levied and collected by Revenue Department and not by WUA. There were 1075 
members in the Water Users Association. These belonged to the 28 villages coming under the 
command of the distributary. All the farmers having irrigation from the Thindal distributary 
had joined the association. 362 members were from Head, 298 from Middle and remaining 
315 from the Tail end. Information on their socio-economic status is given below. 

 Table30.2: Distribution of Farmers by Size Group of Holdings 

  All Executive Committee 

Upto 1 hectare 643 (59.8) NIL 

1-2 hectares 286 (26.6) '' 

2-5 hectares 126 (11.7) 7 (36.8) 

5 hectares and above 20 (1.9) 12 (63.2) 

Total 1075 19 

  

44 (88%) of the respondents accepted the new system because it would ensure adequate and 
timely supply of water. Nearly 100 percent of the respondents expected that it would save 
time and money in running after officials and that it would ensure equitable distribution of 
water. 92 percent stated that it would eliminate or minimise corruption. 60 percent of the 
respondents considered that it would ensure reasonable irrigation charges, proper 
maintenance of irrigation channels (62%) and 70 percent of the respondents considered that it 
would minimise or eliminate tension among water users (between head and tail end 
farmers). The responses were multiple. 

30.6 Selection of Sample Households 

In order to obtain data on functioning and impact of the WUA on the farming community, a 
household survey was conducted in the concerned villages. For this purpose 50 households 
were selected randomly of which 17 were from Head reach, 19 from Middle and 14 from Tail 
end. Information and impact of WUA, collected from these farmers is discussed below. 

During field visits to the area, it was discovered that association of farmers whose lands were 
coming in the Ayacut had been found throughout the length of the main canal of Lower 
Bhavani Project. It was, therefore, with great difficulty that 12 farmers were contacted along 
the Thindal distributary whose lands were being irrigated by own source i.e. wells. These 
farmers informed that they too had to pay irrigation charges for the water drawn from their 
own wells as these came under the command area of the Thindal distributary. These wells 
were being charged from the seepage of water of the Thindal distributary. The 'with' and 
'without' comparison in this case, therefore, is not very useful because farmers in the 'control' 
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areas had no access to canal irrigation. Hence the difference between the two situations is not 
a difference of association alone but of technology also. 

30.7 Functioning of WUA 

For maintaining the OFD works and distributing irrigation water equitably among the 
farmers according to the Warabandi schedule, a three tier "Water Users Associations or 
Farmers' Associations were formed with the assistance of the Irrigation Community 
Organisers. All these reported to be performing their duties with full involvement and 
cooperation of farmers. 

The three tier associations were as follows. i) Sluice Association, ii) Farmers' Council at the 
distributary level & iii) Apex Body or Farmers' Federation. 43 Farmers Councils and one 
Apex Body were formed and registered under Societies Registration Act covering almost all 
reaches of the Lower Bhavani Project. 

30.7.1 Sluice Committee 

All the farmers of a sluice were members of the Association at the sluice level. Its day to day 
affairs were managed by a 8 member elected executive committee consisting of President, 
Vice President, Secretary, Joint Secretary Treasurer and three members representing one each 
from Head, Middle and Tail of the sluice command. 

The main functions of the farmers associations at the sluice level were 

i) to get proportionate discharge of water from the sluice head, 

ii) to distribute water among member farmers equitably based on rotational supply schedule 
prepared by Irrigation Department, 

iii) to maintain the system below the sluice in coordination with farmers and 

iv) to help in amicable settlement of conflicts amongst farmers within the sluice command. 

30.7.2 Farmers Council 

All the farmers associations at the sluice levels formed Farmers Council at distributary level. 
One member each from the Sluice level farmers association preferably the President became a 
member of the executive committee of the Farmers Council. The executive committee of the 
Farmers Council consisted of President, Vice President, Secretary, Joint Secretary and 
Treasurer and one member each from the sluice committees. The area of operation of this 
Council was from distributary head to the sluices. It was the main responsibility of the 
Council to negotiate for the agreed quantum of water from Irrigation Department and to 
distribute the same up to sluice level in proportion to the respective command areas. The 
operation of the system below the distributary head and maintenance of the channels and 
structures was also the responsibility of the Council. Conflicts among farmers associations 
were solved by the Council. 
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30.7.3 Apex Body 

All the Farmers Councils within the Lower Bhavani Project federated to form Apex body at 
the Project level. One representative from each Farmers' Council formed the executive 
committee of the Apex body. The entire project command was the area of operation of this 
supreme body. The main role of this body was to take policy decisions like date of release 
and closing of water, duration of supply, cropping pattern etc. in consultation with the 
government departments, to arrange visits and training of the farmers in improved water 
management techniques, functioning of associations etc. As can be seen from the above, 
WUA was not concerned with collection of water charges, this function continued to be 
performed by Revenue Department. Water release was a function of Irrigation Department. 
But the WUA interacted with ID for timely release of water in adequate quantity. Another 
function was to maintain field channels in good conditions. 

30.8 Irrigation Charges 

Irrigation charges were different for wet lands, and dry lands. Brief details are given below: 

i. The basic assessment pertaining to wet fields was levied in accordance with quality (taram) 
and classification as notified in the re-settlement register, as follows : 

  Rate per Acre Rate per hectare 

For single crop wet lands Rs. 15.00 Rs. 37.50 

For compound double crop wet 
lands 

Rs. 20.00 Rs. 49.40 

Double crop wet lands Rs. 22.50 Rs. 55.50 

 

ii. There would be charge for the second and third crop raised in the lands classified as 
"double crop wet lands". 

Rates for dry lands varied with respect to class of irrigation. For example, rates for first class 
irrigation were as below. 

Sl. No. Long term crops Irrigation source Rate per acre 

1. Crop on ground for more than 10 (ten) 
months 

I Class Rs. 28.00 

2. Crop on ground exceeding six months but 
within 10 months 

— do — Rs. 24.00 

 

Rates were lower for II, III, IV and V class irrigation. For example, the respective figures for 
crops on ground exceeding 10 months were Rs. 21, Rs. 15, Rs. 12 and Rs. 9 respectively. 
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30.9 Training 

USAID and World Bank emphasised the need for training the staff off line agencies involved 
in the distribution of irrigation water. In Tamilnadu, Irrigation Management Training 
Institute (IMTI) and Centre for Water Resources, Anna University were involved in water 
resource management and training. 11 Officers of Bhavani Basin Circle were also imparted 
training at Irrigation Management Training Institute (IMTI). Tiruchy. The subjects covered 
were : 

i) Operation and maintenance of irrigation system under WRCP. 

ii) Diagnostic and maintenance problem in distribution network using IUD. 

iii) Application of computers in irrigation management level - 1 

iv) Diagnostic analysis of an irrigation system. 

v) Training programme on Amravati Irrigation command. 

vi) Operation and maintenance of irrigation system. 

vii) On farm water budgeting. 

viii) Training programme on modern irrigation methods. 

ix) Need based large irrigation training course. 

Five (10%) of the respondents attended training programmes in water management. Training 
was conducted at Erode taluka town itself. It was conducted by the officials of Irrigation 
Department. All the five respondents stated that training benefited them. However, all of 
them felt that additional training was necessary. Subjects for training should include 
introduction of new technology in improved agricultural practices. They were also of the 
view that exposure visits to some of the successful experiments in the state as well as outside 
the state be arranged by the government. 

30.10 Water Management 

25 (50%) of the respondents reported problems in water management. 24 (96%) of them 
mentioned about not getting adequate and timely supply of water while 3 (12%) stated that 
water charges were levied on irrigation done by own wells also. 24 (96%) mentioned about 
structures not being properly maintained. Regarding suggestions for improvement, all the 
respondents underlined the importance of timely release of water and proper repair and 
maintenance of structures. 46 (92%) of the respondents reported that there was water loss in 
the distributaries during the last three years. 31 (67.4%) attributed this to non provision of 
gauge measuring device in the distributaries, 45 (97.8%) to siltation and damaged structures, 
25 (54.3%) to paucity of water in sub-distributaries, 16 (34.8%) to unauthorised outlets in 
some of distributaries. The responses were multiple. 

 



Minor Irrigation 
 

236                                 www.AgriMoon.Com                      
 

30.11 Impact of the Programme - (A) Before and After Approach 

30.11.1 Area Irrigated 

Information on number of respondents availing of irrigation facilities and crop area irrigated 
per respondent for both before and after periods is given in the Table 30.3. 

Table 30.3: Average Irrigated Area (in ha) in Thindal Distributary per Respondent. 

  Before 1987-88  After 1996-97 

Crops No. reported Average 
irrigated area 

No. Reported Average irrigated area 

Paddy 50 1.85 50 2.29 (23.75) 

Groundnut 46 1.62 47 1.90 (17.28) 

Gingelly 19 1.34 23 1.39 (3.73) 

Turmertic — — 4 1.75 — 

Total per 
respondent 

50 3.85 50 4.85 (25.97) 

 

Figs. in brackets are indices of growth 

It can be seen from the above table that all the respondents were practising irrigated farming 
in both the periods. But the area under irrigation registered an increase in Thindal 
distributary. The average area irrigated for paddy crop was 1.85 ha per respondent before the 
formation of WUA in 1987-88. It increased to 2.29 ha in 1996-97. The increase in area was 
23.75 percent. Similarly, for groundnut, the average area irrigated before was 1.62 ha which 
increased to 1.90 ha afterwards indicating an increase of 17.28 percent. The average area 
under gingelly was 1.34 ha (before) and 1.39 ha. (after) showing a modest increase of 3.73 
percent. Taking all crops together, total area under irrigation which was 3.85 hectare per 
respondent 'before' increased to 4.85 hectares 'after' registering a growth of 25.97 percent. 
Increase in irrigation was reported by 25 respondents. The area increased from 88.4 hectares 
before the formation of WUA in Thindal distributary to 179.00 hectares. For the remaining 25 
respondents there was no change over the period 

30.11.2 Quality of Irrigation 

Regarding quality of irrigation, 17 (34%) respondents reported that they were getting 
adequate quantity of water for irrigation before (1987-88). This number increased to 36 (72%) 
during (1996-97). Regarding timely supply of water, 31 (62%) reported that they were getting 
timely water before. During 1996-97 the number reporting timely supply increased to 36 
(22%). The main reason for this increase was attributed to formation of WUA. 
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30.11.3 Yield of Crops 

There was an increase in per hectare yield of crops grown during the two periods as can be 
seen from the table below. 

Table30.4: Average Yield of Major Crops (Quintls. per hectare) 

Crop Before After 

Paddy 41.9 50.5 (20.58) 

Groundnut 21.4 21.9 (2.34) 

Gingelly 4.7 6.7 (42.55) 

Turmeri — 15.0 

 

Figs. in brackets the indices of growth 

30.11.4 Value of Produce 

The value of produce per respondent was calculated at constant prices prevailing during 
1996-97. The details are given as under 

Table30.5: Value of Produce per Respondent (Rs.) (at constant prices) 

  Before After 

Crop No. Reported Average value of 
produce 

No. Reported Average value of 
produce 

Paddy 50 31020 50 46134 (48.72) 

Groundnut 46 29138 47 35079 (20.39) 

Gingelly 19 6167 23 9042 (46.62) 

Turmeric — — 4 3700 – 

Total per 
respondent  

50 60169 50 83564 (38.88) 

 

Figs. in bracket are indices of growth. 

Value of produce per respondent increased during the period. Value of paddy increased 
from Rs. 31020 before to Rs. 46135 after i.e. a growth of 48.72 percent. For groundnut it was a 
growth of 20.39 percent, for gingelly a growth of 46.62 percent and for all commodities a 
growth of 38.88 percent. This was the result of increase in area as well as yield as already 
explained. 
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30.11.5 Introduction of New Crops 

After the formation of WUA in Thindal distributary four selected respondents also started 
growing turmeric in their field. There was increase in yield per hectare in almost all the crops 
grown by the selected farmers. The details of the yield per hectare are in Table 31.6. The yield 
per hectare registered a growth of 50 percent in paddy over the two periods groundnut 
registered an increase of 28.49 percent, tobacco registered a growth of 18.10 percent. The 
increase in case of sorgham was 13.76 percent, for gingelly it was 33.33 percent, turmeric 
registered an increase of 29.86 percent. In case of cotton it was 19.70 percent. 

Table30.6: Yield of Major Crops (Quntls./per ha.) 

Crop Before After 

Paddy 20.00 30.00 (50.00) 

Groundnut 18.6 23.9 (28.49) 

Tobacco 11.6 13.7 (18.10) 

Sorgham 10.9 12.4 (13.76) 

Gingelly 6.0 8.0 (33.33) 

Turmeric 14.4 18.7 (29.86) 

Cotton 13.2 15.8 (19.70) 

 

Figs. in brackets are indices of growth. 

 The value of produce per respondent was calculated at constant prices prevailing during 
1996-97. The details are as under. 

Table30.7: Average Value of Produce per Respondent (Rs.) (at constant prices) 

  Before After 

Crop No. reported Average value of 
produce 

No. Reported Average value of 
produce 

Paddy 1 5400 1 8100 (50.00) 

Groundnut 7 15506 7 19868 (28.13) 

Tobacco 3 19167 3 22600 (17.91) 

Sorgham 4 9587 4 10937 (14.08) 

Ginguelly 1 588 1 784 (33.33) 
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Turmeric 2 17250 2 22500 (30.43) 

Cotton 1 10000 1 12000 (20.0) 

Total per 
respondent 

12 21240 12 26376 (24.18) 

 

Figures in bracket are indices of growth. 

Value of produce per respondent increased during the period for all the crops. The increase 
ranged between 14.08 for Sorgham to 50.00 for Paddy. The increase was as a result of better 
use of inputs and judicious use of water as it was from own source. Even then the average 
value of produce from all crops at Rs. 26376 was much lower than that of Rs.83564 for the 
beneficiary households of WUA. 

 30.11.6 Awareness 

All the 12 respondents were aware of the FPIM in their area. All of them had stated that 
WUAs have been formed in the entire Lower Bhawani Area. All of them were willing to join 
the WUA provided they started getting water from the distributaries by raising the water 
level in, distributaries. All the 12 respondents stated that there was water loss in 
distributaries Silting, damaged structures and seepage were the main reasons cited for the 
water loss. 

In this World Bank Project, Irrigation Community Organiser (ICO) engaged by Irrigation 
Department on part time basis played an active role in motivating farmers to go for 
participatory irrigation management. The experiment resulted in about 26 percent increase in 
irrigated area for the selected respondents and yield of main crop paddy increased by about 
21 percent after formation of farmers' association. Farmers took active interest in maintenance 
of field channels below distributary level out of the returns on one time grant of Rs.450 / ha 
provided by Irrigation Department along with farmers' contribution at the rate of Rs. 50/- 
per ha. The repairs to field channels resulted in better irrigation under close supervision of 
the farmers' association. 

Now, Public Works Department also releases grant to farmers‘ council as a maintenance 
grant at the rate of Rs.100/- per hectare per year. This also supplements the fund position of 
the farmers council to a certain extent. State government is now proposing general election to 
all the water user association through Revenue Department. On completion of general 
election, the process of handing over the Operation and Maintenance to the Farmers council 
will take momentum. As interest rate is declining, the amount available for the maintenance 
also decreases, thus farmer councils are dire need of additional grant from the Govt. for the 
benefit of the farmers. 
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Module 10 - Water Pricing & Auditing 

LESSON 31. Water Pricing 

Introduction 

Economical use of water by effective and efficient water management in irrigation sector is 
imperative to cope up with the increasing population and developing agriculture technology. 
It is well understood that the water crisis emerging in India is not the result of natural factors, 
but has been caused by improper water resources management. It is argued that 50 per cent 
of India‘s new water demand can be met by improving effectiveness of irrigation. There is 
growing concern that the area under irrigation has actually declined in recent years, and may 
continue to do so. Since agriculture is by far the largest user of water, efficient irrigation 
management will undoubtedly be a major conservation option for the future. For ensuring 
food security, irrigation system has to be made more effective. However, growing water 
scarcity is likely to pose a serious challenge to the needed expansion in food production.  

The rate of return from irrigation projects has registered a progressive decline after 
independence. Instead of profit, there has been increasing losses, and this has imposed a 
growing burden on the revenues of the states. The Vaidyanathan Committee report (1992) 
pointed out that the irrigation commission did prescribe optimum levels of charges for use of 
water for irrigation as a percentage of gross income estimated to be around 5 per cent for 
food crops, and 12 per cent for cash crops. But the actual receipts vary from less than 1 per 
cent to a maximum of 2.9 per cent for all India. In fact for the state of Tamil Nadu, the 
percentage is as low as 0.1 per cent. While fuller utilisation of the irrigation potential and 
optimum irrigation from available supplies through good water management practices 
would make some improvement to the situation, the real and effective remedy seems to lie in 
the revision of the rates at which water is being supplied for irrigation purposes in India 
(Kartar Singh, 1978). 

31.1 Existing water pricing method in India 

In the golden age of Kings‘ rule, the practice of water pricing is to collect portion of the 
produce from the farmers by the end of growing season and store them in the treasuries and 
use the same to feed the poor and meet the drought situation by the rulers. During the 
Mohuls‘ rule and then during the British rule, the water rates were fixed and revenue was 
collected in the form of money. The water pricing policy in India is such that it does not even 
cover the cost of Operation and Maintenance (O&M) of the irrigation systems, let alone the 
full capital cost including O&M. This leads to severe financial pressure on the state since it 
has to absorb the subsidies. The water charge in India is based on per acre basis and does not 
vary with the volume of water actually used. According to the Constitution of India, 
irrigation is a subject under the State list. Irrigation projects are planned, executed, owned 
and operated by State Governments. 

Irrigation projects are financed as a part of the National Development Programmes. These 
projects are financed by the State Governments out of their own revenues, market 
borrowings and loans and grants made available by the Central Government as a part of 
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overall assistance for financing their plans. The State Governments have to repay the capital 
and interest charges for the loans taken by them from the Central government and the open 
market borrowings. There is also no uniformity as regards to principle considerations 
adopted by the states in fixing of water rates. Some of the important factors which are 
generally taken into consideration are Crop Water requirement, assuredness of supply of 
water, paying capacity of the farmers based on net or gross value of agricultural produce, 
cost of supply of water, recommendation of Irrigation Commission etc. But there is no 
uniformity or consistency as to how these factors are employed in fixation of rates by 
different States or Union Territories. This can be depicted with the help of the Table 31.1 
which shows canal water rates for irrigation of major states of India and gives the water rates 
for canal irrigation in different states as reported in the CWC Publication ―Pricing of Water in 
Public Systems in India‖. 

Table 31.1. Canal water rates for irrigation in major States 

States Rate (Rs./ha) 
Few crops specific rates 
(Rs./ha) 

Year in which rates revised 
last 

  Minimum Maximum Paddy Wheat Sugarcane   

Andhra Pradesh 99 370 222 - 370 1986 

Bihar 30 158 89 51 158 1983 

Gujarat 40 830 110 110 830 1981 

Haryana 20 99 74 62 99 1975 

Karnataka 37 556 99 54 556 1985 

Maharashtra 100 1750 100 200 1750 1990 

Madhya 
Pradesh 

99 741 198 24 741 1992 

Orissa 6 185 40 32 100 1981 

Punjab 14 82 49 29 82 1874 

Rajasthan 20 180 99 74 143 1982 

Tamil Nadu 6 64 49 - 49 1962 

Uttar Pradesh 15 410 143 143 237 1983 

West Bengal 37 134 37 49 124 1977 

Source: Sindhu 2010,Water pricing, Indian Journal of Science and Technology Vol. 3 No. 8 
(Aug 2010) ISSN: 0974- 6846-pp 932 
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As can be noted from Table 31.1, there is great deal of variation in water rates from state to 
state which is presumably due to irrigation services in terms of its dependability and 
continuity. Pricing of canal waters is a state subject (like power) and hence tends to differ 
widely across states. With regard to the irrigation projects in the public sector, sale of water 
for irrigation constitutes the major portion of Gross Receipts for them. The various 
committees and Groups constituted for suggesting ways and means to improve financial 
performance of projects have recommended for restructuring of irrigation water rates. 

There is considerable difference in the levying of water rates by different States and Union 
Territories. For example, no water rate is levied for agricultural purposes in most of the 
North-East States except for Manipur. In Orissa a flat basic compulsory water rate is charged 
for the staple crop Paddy in respect of lands coming under the command of Major and 
Medium Irrigation Projects. Except in Assam and the North Eastern States, all States charge, 
directly and indirectly for the use of irrigation water from public sources. 

In West Bengal water is supplied only on prepayment basis as far as Minor Irrigation 
Schemes are concerned. In the Southern States of Andhra Pradesh, Karnataka, Tamil Nadu 
and Union Territory of Pondicherry where water rate and land revenue are inseparable. In 
these States lands are classified as 'Wet' and 'Dry' depending upon their getting or not getting 
water from a recognised public source. Wet and Dry lands are assessed differently for land 
revenue. Wet assessment is higher as compared to the Dry assessment and difference 
between the two is attributed to water rates. In the States which charge water rate for 
agricultural purposes, rates are in general levied on the basis of area irrigated except for the 
Tube well irrigation. But there is no uniformity as to how these two important factors are 
taken into account by States in fixing water rates. In some States special purpose cesses are 
also levied on irrigated area or crop over and above water rates. This system is in practice in 
States of Andhra Pradesh, Haryana, Karnataka, Kerala, Maharashtra, Tamil Nadu etc. 

31.2 Importance of tank irrigation 

In view of huge investment costs, long gestation period, heavy maintenance costs and 
ecological problems associated with major and medium irrigation projects, the importance of 
minor irrigation has been realized by all the concerned in the recent past. Among the minor 
irrigation projects, well irrigation is entirely private, centering on the individual farmers. On 
the other hand, tank irrigation has been traditionally a common property of a village and has 
played an important role in agricultural development; particularly in the semi-arid regions of 
the country. Further, tapping of ground water has become increasingly expensive on account 
of deeper and receding water table levels due to indiscriminate and unplanned expansion of 
well irrigation. Thus, there is a need to utilize the existing tanks by undertaking necessary 
repairs to them and evolving proper management systems. This will facilitate the optimum 
utilisation of the available rainwater for sustainable agricultural development in semi-arid 
tracts of the country. The success achieved by Japan, and more recently by China which 
planned their modernization programmes on traditional methods in the field of irrigation 
suggests the need to give due importance to the development of tank irrigation in our 
country,  Tank modernization is the process by which the water in existing tanks is used 
more efficiently through improved water storage, distribution, and on-farm water use. The 
aim is to increase food production and rural incomes by achieving higher cropping intensity 
through improved water management and reduced water losses. Evaluation of Potential 
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Returns from Modernization of Irrigation Tanks by implementing the modernization 
program, it is expected that more than 25% of the water will be saved. Past experiences from 
a pilot project (CWR, 1996) shows that by physical (hardware) modernization alone, 
irrigation efficiency was improved by 32.25% and subsequently yield increased by about 30% 
as presented table 31.2. 

 Table 31.2. Comparison of benefits before and after modernization of an Irrigation tank 

Benefit Before Modernization After Modernization 

Conveyance efficiency (%) 79.2 95.7 

Distribution efficiency (%) 50.0 90.0 

Application efficiency (%) 69.8 91.0 

Irrigation efficiency (%) 27.7 78.4 

Water requirement (m3/ha) 12300.0 10250.0 

Paddy yield (t/ha ) 3.0 3.9 

Water Productivity (Rs/m3) 0.2 0.3 

Gross Income (Rs./ha) 2962.0 5261.0 

 

Source: Sindhu 2010,Water pricing, Indian Journal of Science and Technology Vol. 3 No. 8 
(Aug 2010) ISSN: 0974- 6846-pp 935 

If such measures are extended to cover all other deteriorated tanks additional cropping area 
is certainly to be brought under cultivation, which will narrow down the gap between the 
potential and actual area irrigated by tanks. Catchment treatment in the tank area will not 
only contribute to increased availability of water supply, but also bring such environmental 
benefits as reduced sedimentation and increased ground water recharge. Nevertheless, 
unlike major irrigation structures, modernization of these small-scale irrigation structures 
will not have any negative impacts on the environment at the same time ensuring the 
stability and sustainability of crop production in the tank command areas 

31.3 Benefits of water pricing 

Water pricing for irrigation helps in the proper maintenance of the tanks. This can be shown 
with the help of the Fig.32.1. Water pricing is a good policy measure for the optimum use of 
water resource. Water pricing might influence the quantity of consumption of both surface 
and groundwater. Pricing of water allows the farmers to extract the quantity of water and 
power necessary to irrigate their land area. 
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Fig.31.1 Benefits of water pricing 

Surface water pricing provide the sufficient fund for the proper maintenance of tanks and 
percolation ponds. These practices facilitate Rain Water Harvesting (RWH) and the 
conservation of water. The pricing of water selects the suitable crop for the particular type of 
land and availability of water. This will strengthen the attitude of farmers towards water 
pricing because of the fact that the optimum use of water will benefit the farmers by 
economizing the extraction cost and reliability in supply. This will change the negative 
attitude of the farmers towards water pricing. 

31.4 Water pricing policy 

In the developed countries like USA the exact requirements of water during the various 
stages of crops are taken into account for designing the necessary supply in the field 
channels. Information regarding rainfall, humidity, evaporation percolation etc., is utilized in 
arriving at the capacity of various channels in the distribution system. The cropping pattern 
is fixed to design the channel for the average duty. In all irrigation projects, the command 
area under the scheme generally lies on either side of the river or main canal. The canals 
mostly run on contour so as to cover the maximum possible area under them. After 
calculating the requirements of water for crops, the shutter of the sluice is opened 
automatically for a specific time for the command area below the sluice through remote 
control by the concerned Irrigation Engineer. During that specific time, the required water 
will flow over the field through branch channels or pipe outlets. The same system will be 
adopted for the other sluices also. 

In India screw gearing shutters of the sluices are operated by the village assistants or 
president of the Water User Association. Thus the farmer has every control to use the 
precious resource either in a good manner or to waste it. The present practice of fixation of 
irrigation charges has several weaknesses. For example after the first irrigation is applied to a 
crop, the farmer has to pay the fixed amount of charges and thereafter, the marginal cost of 
second irrigation becomes zero. In such a situation the farmer may go on applying water up 
to the points where the marginal return is equal to zero. This leads farmers to use large 
quantities of water per hectare of each crop. 

Pricing of water helps in reduction of wastage of water. Proper pricing can reduce the burden 
of the government. Most of the inefficiencies, misuse and environmental damage have their 
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roots in the mispricing of water and electricity. Under the present practice of free electricity 
for agricultural purposes, the number of electric pumps tends to be more than the social 
optimum, resulting not only in the overexploitation of ground water, but also in the decline 
in collective management. 

While all the countries have recognized the need and importance of charging appropriate 
fees for irrigation water supply, the creation and implementation of policies on irrigation 
water pricing are facing some problems. In most cases, the willingness and affordability of 
farmers to pay water charges are found to be very low as they have been receiving irrigation 
water free of charge. Therefore, greater efforts need to be targeted towards creating farmers' 
awareness and acceptance of the need to pay for irrigation water if they wish to receive the 
services on a sustained basis. For this they should be educated about the benefits from water 
pricing through forums like water users associations. The present rates of surface and lift 
irrigation for all the states of India are listed in Table 32.3 & 32.4 respectively.   

(Ref:http://www.indiawaterportal.org/sites/indiawaterportal.org/files/Financial%20Aspec
ts%20of%20Irrigation%20Projects%20in%20India_CWC_2010.pdf) 

 Table 31.3 : Water Rates for Flow Irrigation by State 

  

Source: Combined Finance and Revenue Accounts of Union & State Government, State 
Finance accounts, Central Water Commission, ISO, (Financial Performance Unit). 

http://www.indiawaterportal.org/sites/indiawaterportal.org/files/Financial%20Aspects%20of%20Irrigation%20Projects%20in%20India_CWC_2010.pdf
http://www.indiawaterportal.org/sites/indiawaterportal.org/files/Financial%20Aspects%20of%20Irrigation%20Projects%20in%20India_CWC_2010.pdf
http://www.indiawaterportal.org/sites/indiawaterportal.org/files/Financial%20Aspects%20of%20Irrigation%20Projects%20in%20India_CWC_2010.pdf
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Remarks : * subject to increase @ 15% to 25% per annum       

** subject to increase @ 15% per annum. The previous rates were Rs.20 - Rs.495 w.e.f. 1.9.2001 

$ : These rates shall escalated by 10% on the first of April every year. The previous rates were 
Rs.13.96 to      82.15/ha w.e.f. 1977/1981 

$$ : Proposed to be revised as Rs.250 - Rs.550/ha. 

@ : The privious rates were Rs.123.50 to Rs.741.00 w.e.f. 15.6.1999 

@@ : The rates as per the Sikkim irrigation water tax Act 2002 which is still in the process of 
enforcement. There were no water rates prior to this Act. 

# : No separate rate for lift irrigation has been reported. 

*** Depending upon the type of Minor Irrigation schemes, the date of enforcement varied 
from 1.12.1970 to 13.11.1973 
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LESSON 32. Water Auditing 

Introduction 

Water auditing is a systematic & scientific examination of water accounts of the projects. It is 
an intelligent & critical examination by independent organization. It is a critical review of 
system of accounting. A water audit determines the amount of water used in different 
sectors, lost from distribution system due to leakage & the cost of this lost utility. 
Comprehensive Water Audit can give a detailed profile of distribution system & water users, 
there by facilitating easier & effective management resources and improved reliability. It may 
also prove as an effective tool for realistic understanding & assessment of present 
performance level of the service for future expansion Water auditing process involves 
checking of sector-wise water use against project planning, Preliminary Irrigation 
Programme, and assessment of Irrigation System Performance (ISP) and losses actually 
realized on the projects. 

Water audit facilitates comparison between planned Irrigation System Performance (i.e. ha 
/Mm3) and actual Irrigation System Performance (i.e. ha/ M m3) realized on the project. This 
will provide information about loss of water in the system. Water audit thus helps in 
identifying the causes of low ISP & excessive losses in the system. Service Provider then can 
initiate the action for minimizing the losses and improving the ISP. 

32.1 Water Auditing Scenario: 

The Central Water Commission, Ministry of Water Resources, GOI & Central Ground Water 
Board took an initiative in this regard and issued guidelines for water auditing of projects in 
December 2005. These guidelines are only indicative and on broad spectrum. Every State is 
required to prepare its own guidelines considering peculiarities and necessities of individual 
State. 

 Classification of sub basins for planning, on the basis of naturally available quantum of 
water, is given below: 

S. No. Plan group Per ha availability (m3) 

1 Highly Deficit Below 1500 

2 Deficit 1501-3000 

3 Normal 3001-8000 

4 Surplus 8001-12000 

5 Abundant Above 12000 
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32.2 Water Auditing-case study of Maharashtra State: 

Large number of irrigation projects is constructed in Maharashtra to harness the water 
resources of the State. Irrigation potential to the tune of 4.331 Mha is created by the end of 
June 2007 through 66 Major, 233 Medium & 2777 State sector Minor irrigation 
projects. Maharashtra is the first state in India to incorporate the subject of water audit in 
State Water Policy as a sector reform in water management and has taken up the issue 
since 2003-04. 

Details of Year wise projects audited are as exhibited below. 

Year No. of Projects 

2003-04 1229 

2004-05 1624 

2005-06 1957 

2006-07 1971 

2007-08 2007 

With increasing population, urbanization, and industrialization, the water demand is 
increasing day by day from various sectors. Table 32.1 shows the year wise details of storages 
available, irrigation & non-irrigation water use & Irrigation system performance achieved at 
State level. 
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Table 32.1 Storages available, irrigation & non-irrigation water use & Irrigation system 
performance. 

 

 (Ref: Irrigation Status Report, 2007-08 GOM) 

Water auditing of irrigation projects which are constructed through public investment is 
necessary to see that the water use, evaporation & other losses are as per design. If there is 
any variation, as mentioned above, water auditing enables to locate the reasons for the same 
and facilitate suitable corrective measures. 

In compliance to commitment in State Water Policy, Government issued a circular dated 
26.06.2003 briefing there in methodology to be adopted for keeping project wise water 
account and its auditing. Administrative arrangements are set up by creating water audit 
units under Chief Engineer, Maharashtra Water Resources Development Centre, 
Aurangabad. Accordingly, the MWRDC office is carrying out the water audit of all State 
sector projects since last five years. 

32.3 Water Audit Procedure 

32.3.1 Checking Water Account 

Government of Maharashtra vide circular dated 26.06.2003 has enforced the field officers to 
submit the annual water accounts of all State sector irrigation projects under a circle in 
prescribed proformae by 14th August every year. For effective implementation of the 
decision based on water audit analysis and timely publication of annual water audit report, a 
time-bound programme as mentioned below is framed & strictly adhered to. 

 



Minor Irrigation 
 

250                                 www.AgriMoon.Com                      
 

On receipt of the water accounts, its scrutiny is carried out in MWRDC Office. While 
scrutinizing the water account of a project, emphasis is given on following points. 

i) Total available live storage is tallied with different water uses, evaporation losses, leakages, 
replenishment received in June and unutilised water at the end of irrigation year. 

ii) Season-wise availability and extent of water use. 

iii) Irrigation System Performance actual observed as compared to norms fixed by GOM. 

iv) Actual evaporation losses as compared to designed evaporation losses. 

v) Percentage of leakages through dam and its location, efforts taken by field staff to 
minimise or stop the leakages. 

ix) Actual season wise water use & area irrigated as compared to project planning / 
Preliminary Irrigation Programme 

32.3.2 Inspection of Irrigation offices 

To have a cross check over the data submitted in water account & to verify whether record 
about water storages, water use, different losses along with crop wise area measurements, 
revenue assessment/ revenue recovery are maintained up-to-date & in prescribed form, 
annual inspections of Irrigation offices is carried out each year. An annual inspection 
programme, for inspection of irrigation management divisions, is prepared and 
communicated to the field officers. According to this programme, inspections are conducted. 

 During such office inspections, to ascertain the validity of water account data submitted to 
MWRDC, normally following records are checked. 

i) Daily lake level & water storage register. 

ii) Daily evaporation record register (Major & Medium projects) 

iii) Main Canal gauge register to evaluate water let out in canal for irrigation (daily, rotation-
wise, season-wise) 

iv) Agency-wise non irrigation water use register. 

v) Register for leakages through dam. 

vi) Record of measurement of irrigated area 

vii) Crop-wise area assessed. 

viii) Revenue recovered 

Revenue recovery being an important aspect of irrigation management, a review of revenue 
assessed, recovered, and balance at the end of the year is specially taken during such 
inspections. Preparation and sanction of Preliminary Irrigation Programme (PIP) before 
stipulated period, conducting meetings of canal advisory committee, timely and wide 
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publicity to Public Notice, timely submission of rotation-wise water demands and water use 
by field offices to controlling authorities, daily gauging of discharges through 
distributaries/minors plays an important role in Irrigation Water Management of a project. 
Whether such procedure is followed or not is also verified by scrutinizing the relevant 
records during field office inspections. The lapses, deficiencies noted during the inspection 
are then communicated to concerned Executive Engineer under intimation to concerned 
Superintending Engineer, for submitting relevant clarification and taking proper action for 
improvement in future. In order to streamline the working of water audit units, inspection/ 
methodology, procedure for compliance of water audit paragraphs etc, Water Audit Manual 
is under consideration for approval. 

32.3.3 Water Audit Report 2007-08 

During 2007-08, water accounts of 52 major projects (having 73 reservoirs), 199 medium 
projects (having 201 reservoirs) & 1756 State sector minor projects were received and audited. 
The water audit report is limited to these projects only. The decrease in total Nos of major 
projects is due to grouping of reservoirs in a complex project. At present, there are 63 
divisions which are looking after the irrigation management mainly of completed projects in 
the State. There are many projects under construction where partial irrigation potential is 
created. On these projects irrigation is managed by construction organization only. The 
details of the report can be accessed at www.merdc.org/downlods/wa0708.pdf 

32.4 Guidelines for efficient and economical use of water 

Detailed guidelines are issued from time to time by Government, for efficient and economical 
use of water available for irrigation. Some extracts from the Government Resolutions dated 
14.03.1988, 02.11.1988, 7.3.2001, 05.12.2001; 21.11.2002 and 20.05.2004 are as follows. 

i) Irrigating maximum possible lands with available discharges. 

ii) Adopting rotational water supply. 

iii) Keeping flow period to the minimum possible by letting maximum possible discharge in 
canal to minimize the transit losses. 

iv) Encourage night irrigation. 

v) Encourage farmer‘s participation in irrigation planning and implementation through canal 
advisory committees, and village meetings. 

vi) Keeping water accounts rotation-wise and season-wise water accounts for watching the 
efficiency of water use by concerned field staff & officers. 

vii) Setting up evaporimeters at every project, having CCA more than 1000 ha, for correct 
assessment of evaporation. 

viii) Providing measuring devices on canals wherever necessary. 

http://www.merdc.org/downlods/wa0708.pdf
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ix) The responsibility of giving water account of minor projects rests with the concerned Sub 
Divisional Engineer and Executive Engineer and with the Executive Engineer & 
Superintending Engineer in case of major & medium projects. 

x) The norms for Irrigation System Performance in Rabi & Hot Weather season are decided as 
150 ha/Mcum and 110 ha/Mcum respectively. 

xi) Percentage checking of cropped area by Executive Engineer, Sub-Divisional Engineer & 
Section Officer for assuring 100 percent assessment of irrigated area. 

xii) Norms for Quota of water for lift irrigation on reservoir and canals 

xiii) Agreement for water supply for Non Irrigation water use (by electronic meter) and 
assessment of water revenue. 

A statement showing list of important Resolutions and circulars, issued by 

GOM, from time to time is appended as follows: 
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