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1. Irrigation Systems Management  

1.1. History of irrigation development 

Irrigation was practiced over 5000 years ago in Mesopotamia.   

• Ancient Egyptians were practising irrigation from flooding of Nile in 2000 BC. 

• Ancient Egyptians were also using irrigation from the Faiyum Lake in 1800 BC.  

• Irrigation was also practiced in Syria, India, China in ancient times.  

• In Peru, Andes mountains: Irrigation was practiced in 4000 BC 

• Today, globally there is over 350 million ha of irrigated land 

 

Today, 70% of global irrigated land is found in just 10 countries listed in table below. 

 

 

Table 1.1. Top 10 countries with largest irrigated land  

No Country Irrigated area, million ha 

1 India 66 

2 China  63 

3 USA 27 

4 Pakistan  20 

5 Iran 8.7 

6 Indonesia 6.7 

7 Mexico 6.45 

8 Thailand  6.4 

9 Brazil  5.4 

10 Turkey 5.3 

 Total  214.95 

 

 

1.2. Irrigation networks  

An irrigation network is a network of irrigation infrastructure for water acquisition, delivery, 

distribution and application. It consists of headwork structures, irrigation canals (pipelines) 

(including main canal, secondary canals, tertiary canals, field channels), flow control structures, 

measuring structures, crossing structures, and field water application systems. In some cases, 

irrigation networks also include facilities such as night storage reservoirs, sediment storage and 

flushing facilities, flood escape structures, etc.  
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Figure 1. Typical components of an irrigation system  

 

1.3. Benefits of irrigation   

The primary purpose of irrigation is to replace and maintain optimal soil moisture storage to 

enable plant growth and enhance agricultural production. Optimum soil moisture storage in the 

rootzone of the crops enables optimal plants growth. Crop production using natural rainfall is 

getting risky and less productive due to large variability of rainfall and rainfall failure (in cases 

of severe drought) which would result in big yield reduction and even total loss of yield. If one 

installs an irrigation system, water can be artificially applied thereby reducing the impacts of 

rainfall stress.           

The benefits of irrigation are: 

 It would increase yields by upto 3 folds of the production by rainfed system; 

 It enables production of commercial (high value) crops; 

 It enables production of industrial crops in large scale which is not feasible with rainfed 

system;  

 It reduces dependence on natural rainfall and hence avoids yield reduction due to 

rainfall shortage; 

 It enables increment of irrigation intensity (production of two or more growing seasons 

in a year);  

1.4. Present Performance of Irrigation and Drainage Systems 

Despite  the  significant  increases  in  food production,  policy  and  decision  makers  in 

governments and in financing institutions are concerned that irrigation systems are performing 

below their potential. Factors that indicate the low performance of irrigation are the following 

(Plusquellec, 1988,1994; Hennesy 1993; Awulachew et. al. 2010, Dejen 2015). 

( i )  Low overall water use efficiency: water resources are limited and have to be 

managed more carefully. Irrigation is by far the largest water user in developing 

countries using up to 85% of all available water resources. Of many systems overall 
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efficiencies are as low as 30% or less, while well managed systems show 

efficiencies of 50% or more. Irrigation efficiencies have to increase drastically; 

(ii) Low water use efficiencies also lead to inequalities in water distribution 

patterns: unequal and unreliable water distribution causing excess water in some 

places (usually head reaches) and deficits in others (tail ends); 

(iii)  Unrealistic designs ignoring basic laws of hydraulics such as lag time, unsteady 

flow and water level fluctuations result in poor system performance. All too often 

the designers assume that the canal can be operated well under unsteady flow 

conditions if designed for steady flow conditions. Moreover many designs are difficult 

to manage under real conditions; 

(iv) Development of environmental hazards:  large irrigated areas in the world lose 

productivity as a result of progressive deterioration of soil caused by water logging 

and salinization. This can largely be attributed to lack of drainage and poor 

irrigation 

(v) Deficiencies in irrigation management make irrigation areas (cropped areas 

and cropping intensities) and crop yields lower than projected at the planning stage. 

Most irrigation agencies are Public Sector Organizations (Lee et al, 1994). 

Farmers and other stakeholders are given only limited opportunities to make crop 

choices according to market forces and they are not yet making any impact on the 

management decision making. The little sense of accountability within the agencies 

leads to poor levels of customer services and no direct incentives for effective water 

management. 

(vi) Unreliable water supply does not motivate beneficiaries to organize themselves and 

participate in operating and maintaining the tertiary distribution networks. Water users 

lose respect for the rules and regulations governingwater usage leading to tremendous 

damage to canals and turnouts. Neither are they willing to pay service charges if 

service is poor; 

(vii) Poor maintenance practices because of inadequate recurrent funds result in 

operational problems and a rapid deterioration of public investments. 

(viii) Fiscal distortions in the crop production budgets, i.e. price mechanisms often 

discourage effective cultivation practices and water saving management by the 

farmers 

(ix) Water-related human diseases One potential harmful effect of poorly 

managed irrigation is spreading human diseases: schistosomiasis (bilharzia), dengue 

and dengue hemorrhagic fever, liver fluke, filariasis, onchocerciasis (river 

blindness), malaria, and diarrhoea. Schistosomiasis is most closely linked to 

irrigation. 

1.5. Concepts in Irrigation Systems management 

Management means working with and through individuals and groups to accomplish a certain 

set of objectives (Hofwegen, 2001). In irrigation and drainage systems we have to deal with 

several groups and individuals each having their own roles and specific and sometimes 

divergent interests, preferences, aspirations and thus different objectives: 

i. the government  being responsible for setting the legal framework and creating the 
enabling environment for system management, 

ii. managing  organization  delivering  a  service  within  the  frame  set  by  the 
government, and 

iii. the farmers being the client of the services delivered. 
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A modem system is a system which fulfills the actual requirements and those foreseen in the 

near future of the various actors: the government, the managers as well as the users.  Such 

system requires an orientation towards reliable delivery of services where the level of 

services is agreed upon   by both the managing agency and the client and where a 

accountability mechanism is in place which states the obligations and rights of all parties 

involved. Such system demands a high degree of flexibility to adjust itself to a changing 

management environment and a changing type and level of service. 

Management is also defined as the attainment of organizational goals and objectives 

in an effective and efficient manner through planning, organizing, leading and 

controlling the organizational resources (Daft, 1991). Managers perform planning, 

organizing, leading and controlling to achieve the organizational goals. 

Irrigation management concerns the activities for the orderly diversion, storage, 

conveyance, distribution, and field application of water to irrigation schemes and orderly 

removal of excess water from the fields. For irrigation schemes to function in an orderly 

manner, requires appropriate management inputs. It is about decision making regarding 

irrigation schemes 

Irrigation management includes decisions on: 

– Water acquisition/diversion 

– Water distribution  

– Water allocation 

– Timing and distribution of water delivery 

– Maintenance activities and schedules 

– Financial matters  

– Disposal of excess water 

 
 

Irrigation systems are socio-technical systems:  
 

• Technical aspects/parts    
– Headworks (Dams, diversion, pumping station)  

– Irrigation canals/pipelines  

– Canal structures  

– Drainage canals  

• Social aspects 
– Communal systems (used by diversity of people) 

– Requires agreement on sets of rules governing water delivery 

– Conflicts need to be managed, 

– Maintenance need to be mobilized through communities, etc 

– Irrigation systems are hence diverse and complex systems 

– Their sustainable operation requires management of the technical and social 
aspects  

– Inappropriate maintenance results in failure to achieve objectives 

 

1.6. Management functions and cycle  

Management emails the following three functions.  
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• Planning: defines where the organization wants to be in future and how to get 
there. This means defining  

– objectives   

– targets,  

– establishing strategies (plans of operations) and  

– developing plans to coordinate activities. 

• Organizing: how the organization tries to accomplish the plan. It involves 
determining  

– what tasks are to be done,  

– by whom, 

– how the tasks are to be grouped,  

– who reports to whom and  

– where what decisions are to be made, and the allocation of resources. 
 

• Leading: motivating    sub-ordinates,   directing,   selecting   most    effective 
communication channels and resolving conflicts; 

• Controlling: monitoring activities to keep the organization on track towards its 
goals correcting any significant deviations as needed. 

 

Management functions  

 
 

 

 

The relationship between the management functions is given in the Management Cycle.  

INPUT --> PROCESS --> OUTPUT model. 
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Figure 2. Management cycle  

 

Management could be: 

• Strategic management   

• Operational Management 

Strategic management: involves the identification or adjustment of objectives based on the 

(changed) environment, opportunities, the allocation of resources and the identification of 

overall methods by which those objectives can be achieved (the policy or strategy). 

• It points the agency to the future by requiring it to rigorously and systematically: 

– review  its purpose,  

– assess where  it is now, 

– decide where it ought to be in response to government  requirements   and 

client needs,  

– establish  when  and how it should get there,  and 

– monitor its progress. 

• Strategy is the line of action and key priorities established to achieve the objectives 

and is described in the plan of operations.  

– It  is  a permanent   set  of  documents,   instructions, organization  charts, 

work programs  and schedules,   

– Reference and guidance at every level in the organization. 
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Figure XX. The strategic management cycle (Hofwegen 2001) 

Operational management: is more concerned with the implementation of the plan of 

operations and deals with utilization of available resources along the strategies as set. 

Operational  management : for short term on day to day basis or short term activities. 

 

Resources to be used in management of irrigation systems are: 

• water 

• land 

• human resources  

• financial resources, etc. Resources are limited and hence need to be used efficiently.  

The principles of irrigation management include: 

• Efficiency: the relationship between inputs and outputs which seeks to minimize 

resource costs. 

• Effectiveness: is the degree of attainment of goals and objectives. 

• Sustainability: the long term operationality of the systems 

• Equity: fairness of the services received.  

1.7. Activities in Irrigation System Management 

Activities in irrigation management fall in three main categories. Those focused on  

• Water  

• Infrastructure  

• Organizations 

• These all  have to be combined to achieve the objective of management 
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Figure. Three constituents of irrigation systems   

 

A. Activities focused on WATER 

 Acquisition of water (surface and/or ground water) 

 Allocation of water (specification of rights, volumes and levels) 

 Distribution and control (volumes and levels) 

 Drainage (land-, internal- and external) 

B. Activities focused on STRUCTURES to control water 

 Planning and Design 

 Construction 

 Operation 

 Maintenance 

C. Activities focused on ORGANIZATION to control structures and through them to 

control water: 

 Decision-making 

 Resource Mobilization 

 Communication 

 Conflict Resolution 

1.8. Framework for Provision of Irrigation Services (participatory management) 

In irrigation schemes, commonly three levels of operation can be distinguished:  

• Main system for water acquisition, conveyance and delivery to the tertiary units, 

commonly managed by the government or irrigation authority; 

• Tertiary system for water distribution among farmers, managed by formal or informal 

organized farmers or water users; 

• Field system for water application, by the individual farmers. 

Irrigation development, especially in large schemes, is usually the responsibility of the 

government as part of an overall development plan with specific objectives. The role of the 

government is to provide the enabling environment for irrigation development and 

management which allows the irrigation agencies to deliver the irrigation services in· a 

sustainable, efficient and effective manner beneficial to the users in particular and society in 
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general. This enabling environment includes the legal and institutional frameworks, 

accountability mechanisms and procedures, regulations and criteria for service provision and 

price setting. 

Responsibilities in irrigation management  

• Government: enabling environment  

– legal and institutional frameworks and policies  

– accountability mechanisms and procedures,  

– regulations and criteria for service provision and  

– price setting. 

• Irrigation agency 

– prepares and implements strategies to define and provide these services within 

the environment created by the government 

• Group of water users  

– decide on their water distribution arrangements and how they will manage their 

tertiary system.  

• Individual farmers  

– decide on crops, use of agro-inputs and labour, their irrigation method, water 

application system and irrigation scheduling method. 

Irrigation management is considered as a service. So in irrigation service provisions the 

following three parties exist which are related to each other as per the framework shown. 

 The service provider 

 The service 

 The service receivers are identified.  

 

 

 

 
      

 

    

 

 

 

 

 

 

 

 

 

 

           

 

Service 

Provider produce

s 
SERVICE delivers 

to Fournit 

à  

USER 

Measures Charges 

 

Controls 

the offer 

Contrôle 

l’offre 

Adjusts the 

demand  

Remunerates 
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Figure 3. Framework of service oriented management   (Renault, 1996) 

 

Water delivery policy (decision making procedure) to irrigation users can be one of the 

following: 

• On-Demand: Water users or their representatives have direct access to the water  and 

can  divert  any  amount  at any time.   

– The  on-demand system   can  only  be  applied  when  there  is no  restriction   

on  water availability.  

• On-request: Water users or their representatives request the Irrigation Authority  for a 

certain  amount  of water  for a certain  time  at a certain  time.  The irrigation authority 

will evaluate the requests and balance these against the water  availability.  

– This system is often used in areas with constraints  in water availability, canal 

capacity and/or capability of the flow control system.   

• Imposed: The irrigation Authority draws up a delivery  schedule  which  will be fixed 

for longer periods ( e.g. one season, one year or even for several years).    

– This  system  is extensively   used  in  areas  with  a permanent scarcity  of water  

or with  mono culture  cropping  patterns. 

 

Figure 4. Decision making procedures for water allocation 

 

1.9. Irrigation water distribution arrangements  

Irrigation water distribution in an irrigation system shall be made using three common 

methods: free, rotational and continuous. 

 Free system: farmers can take water the amount they need at the time they wish 

where there is always water in the canals ta their disposal. 



  11 
 

 

Figure 5. Free water distribution system   

 

 Rotational system:  Water is distributed by turns (at secondary of tertiary levels) by 

turns and the individual farmers within a given canal area receive the water at a pre-

set time and generally in a limited quantity. 

 

Figure 6. Rotational water distribution system   

 

Rational water distribution can be in two different ways: 

i. Water is distributed by turns of equal duration throughout the irrigation season. The 

farmer receives the water on a fixed day for an amount of time that is always constant, 

regardless of the crops that he may plant. 

ii. Water is distributed by turns of different duration, longer at the beginning and end of 

the irrigation season and shorter in the middle, according to crop demand. The order of 

distribution within each turn is always the same and the amount delivered is constant 

throughout the season. 

 

 Continuous flow: Throughout the irrigation season, the farmer receives a small but 

continuous flow that compensates the daily crop evapotranspiration. 
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Figure 7. Continuous water distribution system   

The water distribution method is normally linked to the design of the conveyance system 

(canals and structures) although there are exceptions; therefore once a water distribution 

method has been selected there is little possibility to change it.  

1.10. Water Users Associations and their functions  

Water users association (WUA) are public law organizations involved in operation and 

management of irrigation systems. The mandate of WUA is all related to operation and 

maintenance of the irrigation and drainage system located within its service area In a 

participatory irrigation management system, WUA or groups of farmers are responsible for 

water management (decision making on delivery arrangement and allocation) and maintenance 

within the tertiary units. 

Three major functions of WUA can be identified: 

•  Governance (or social management):  

– General Assembly 

– election of members of governing bodies,  

– approval of budget, action plan and annual reports  

– adoption and amendment of regulations that govern day to day activities of an 

WUA.  

• Operation and maintenance (O&M):  

– all activities that deal with planning, implementation and monitoring of water 

distribution and maintenance works 

– controlling soil erosion and soil fertility  

– training WUA members in irrigation techniques or water saving methods.  

– rules related to water distribution, maintenance of irrigation infrastructures,  

– type and level of sanctions for people breaching the rules  

– payment of the irrigation service fee  

• Management  

– related to the administration of the WUA and the financial management. 
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2. Irrigation Systems Performance Assessment and 

Diagnosis 

2.1. Performance Assessment  

Irrigation performance assessment is systematic collection, analysis, documentation and 

interpretation of data related to irrigation schemes in an effort for continuous improvement. It is 

a key activity in irrigation projects cycle.   

 

 

 

 

 

Dimensions of performance 

Irrigation systems performance can be evaluated from various perspectives/dimensions: 
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– Environmental: E.g. salinity, sodicity, erosion and sedimentation, waterlogging, etc. 

– Agricultural productivity: E.g.  Land productivity, water productivity , etc. 

– Physical: E.g. expansion/shrinkage of irrigated area, functionality of structures, etc. 

– Hydraulic (water delivery): E.g. water delivery adequacy, relative irrigation supply, 

etc.   

– Economic: E.g. Net annual income, financial self sufficiency for O&M, etc.   

 

Performance Indicators 

Performance of irrigation systems is expressed using indicators. Indicators play an important 

role in performance assessment to help assess performance against different criteria and 

objectives. Indicators are typically are set up in form of ratios.  

Table 2.1. Performance indicators 

 

 



  15 
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Internal performance indicators described as follows:

are  



  17 
 

 

 

 

Figure 8. Stages in benchmarking irrigation performance  
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Examples of comparative indicators:  

• Water productivity 

• Land productivity 

• Annual relative irrigation supply 

• Overall irrigation efficiency 

• Financial self sufficiency  

2.2. Diagnosis of irrigation systems 

Diagnostic assessments of irrigation systems are carried out to rapidly:  

• find out about problems 

• understand constraints  

• find opportunities for improvement 

It complements routine performance monitoring and evaluation of irrigation systems.  

• It is performed in a participatory way and in short period of time 

• Participatory Rural Appraisal (PRA) tools can be used  

Irrigation systems need to be assessed with all the stakeholders particularly the framers for 

better results. Participatory Rural Appraisal is a method of assessing the performance of 

irrigation systems with involvement of the farmers. It is done using PRA tools.  PRA tools are 

tools employed in to diagnose irrigation systems with farmers. 

 

  

Figure 9. Participatory diagnosis and project cycle 
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Participatory Rural Appraisal (PRA) Tools 

– Interview (Structured /semi-structured): Specific  questions with precise answer / 

general questions with respondents having the option of giving their views in a broader 

sense  

– Questionnaire:  The respondent generally answers the questions in the absence of the 

interviewer, survey 

– Transect walk:  structured way to walk through an area to observe particular things or 

indicators (such as water availability, maintenance status,  water distribution patterns, 

etc. ) 

– Biophysical measurements:  Such as discharge measurements, farm size, canal sizes, 

sizes of structures, etc. 

– Cause-effect diagram:  Relations between different factors that cause problems 

(identify the underlying cause of problems). 

– Irrigation system/water resources mapping: Assess the functionality and constraints 

of the irrigation system, and water resources base. 

– Constraint ranking: To identify main constraints to agricultural productivity and water 

management in schemes. 

Table 2.2. Constraint ranking example  

 

– Venn Diagram: The importance of different local people, groups and organizations to 

the functioning of their irrigation scheme.  
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3. Flow Control and Measurement in Irrigation Systems   

3.1. Flow control in irrigation systems  

The flow of water in conveyance and distribution of irrigation systems needs to be always 

controlled and regulated. This is made possible by flow control structures. Flow control is 

to make sure that the required volume of water is delivered to different parts of the 

irrigation system at the required time. There are different types and functions of flow 

control and regulation structures in irrigation systems as described below.  

Intake control structures  

This is a structure provided at the head of a canal to control and regulate the intake of 

water from the source. It is generally a gated structure, which can be regulated, closed or 

opened. It could be provided at free river diversions weirs, dams, etc.  

Cross (water level) regulators  

These are often gated structures provided in the parent canals at bifurcations and offtakes, 

just on the downstream side of offtakes. The purpose of cross regulators is to regulate 

water levels (keep more or less constant stages) in the parent canals to keep a higher level 

to facilitate intake of water into the offtaking canals. In their absence, water level in canals 

drops, and hence water distribution will become problematic.   

Discharge regulators 

 These are generally gated structures provided in the offtaking canals at offtke locations. 

Their functions are: 

• Regulate supply into an offtaking canal  

• Controls silt entry  in to offtaking canal  

• Can be used as a discharge measurement structure  

• Used to close supply when water is not needed and for maintenance purposes 

   

   
Figure 10. Canal offtakes: a) With active regulation, b) with no regulation  
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Figure 11. Water level and discharge regulators at offtake location in Metahara Sugar 

Estate irrigation scheme (Photo by Zeleke Agide) 

Drop and chute structures 

Canal drops are water level dropping structures on canals prvided when the natural ground 

slopes along the alignment is steeper than the canal bed slopes. It consists of two major 

components: 

 Water level lowering structure (the drop itself)  

 Energy dissipating structure (stilling basin on d/s) 

 

There are various types of drops based on drop height and arrangements of the structure. 

The major ones are: 

 Vertical drop (for low drop heights, say not more than m) 

 Inclined drop (for larger drop heights and discharges)  

 Chutes- are  long lined channels with steep slopes used to drop water levels in 

canals when the drop height is very large (say 5 m and above) and carry the flow 

over a longer horizontal distance.  
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Figure 12. Canals drops: a) Vertica drop, b) Inclined drop  

 

 
Figure 13. Chute drop strcture  

Cross drainage structures  

Cross drainage structures are provided on canals where it crosses natural drainage lines, 

like rivers, streams, galleys, depressions, etc. to carry flow over drainages.  

Cross drainage structures can be of two kinds of arrangements:  

 Canal over the drainage- canal runs above the drainage line (e.g. aqueduct, flume) 

 Canal under the drainage- the canal runs below the drainage line (e.g. inverted 

siphon) 
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Figure 14. Cross drainage structures (Photo by Zeleke Agide): a) Flume, b) Inbverted 

siphon   

Check structures  

Checks are structures placed across an irrigation channel to block flow temporarily and 

raise water levels on the upstream to facilitate offtake or adequately feed the irrigation 

system. It could be either permanent check or temporary check.  

   
Figure 15. Check structures: a) Temporary check, b) Permanent check   

Division boxes  

Division boxes are structures provided at locations where a canal flows is divided into two 

or three smaller canals. It could be:   

• Proportional division- with no active regulation structures (when flows are to be 

divided proportionally under all conditions)  
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• Adjustable structures- with adjustable control gates (this is preferred because of 

flexibility in control of flows at the division point).  

 
Figure 16. A typical divison box in a teritary canal (Photo by Zeleke Agide) 

Turnouts 

Turnouts are small structures provided in the bank of a (tertiary) canal to divert part of the 

water from the canal to a smaller field channel. It could be gated masonry or pipe structures.  

 

 
 Figure 17. Turnouts: a) Pipe turnout, b) Gated masonry turnout    
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3.2. Flow measurement in irrigation systems  

3.2.1. Need for Irrigation Water Measurement  

The main objective in irrigation related to water management is diversion and supply of the 

required amount of water at the required point at the required time. The amount of required 

volume of water needs to be known and efforts need to be made to deliver that amount with 

acceptable allowances for losses.  The amount of water to be delivered at a certain point may 

only be known with provision of some kind of flow measurement facilities. If flows are 

measured, efficiency in the use of scarce water resources can be achieved. Moreover, 

undesirable negative impacts of excess irrigation water application can be minimized. Flows in 

irrigation systems are generally variable during different hours of the day and thus without flow 

measurement at key water diversion/delivery points in irrigation systems, it is not possible to 

ensure efficient irrigation water use.     

Water is generally a scarce resource is almost all irrigation systems not only in Ethiopia, but at 

global levels, and this scarcity is expected to be intensified in in the coming decades due to 

various factors, including impacts of climate change, expansion of irrigated lands and fierce 

competitions from other sectoral water uses. Thus, although currently about 70% abstracted 

fresh water resources is being used in agriculture, there is an expected decrease globally in the 

proportion of water allocated for agriculture. Thus, the irrigation sector is expected to produce 

more agriculture products with decreasing water. This definitely calls for significant increases 

in efficiency of water use in the sector. In Ethiopia, it is not different from the global trends; 

agriculture is by far the largest consumer of developed water resources. In Awash Basin for 

instance, about 83% of the diverted water resources is used for irrigation. Still, water scarcity is 

escalating in several irrigation schemes in the country due to various factors. Thus, increasing 

irrigation efficiency at different scales in an effort to make more water available and producing 

more for less water is essential in several irrigation schemes in the country.                     

Flow measurement greatly contributes to efficient use of irrigation water. The volume of water 

diverted from the source, delivered at a secondary or tertiary offtakes, or supplied at the field 

head shall be measured. This ensures delivery of the right amount in time, and thus flow 

measurement a key element in irrigation water management.  

The main purposes of flow measurement in irrigation systems are: 

i. To enhance optimum distribution of water within irrigation systems; 

ii. To ensure delivery/supply of the right volume of water  to the required unit to avoid 

under and over supplies; 

iii. To ensure equity in water allocation and distribution among different units and users; 

iv. To enhance efficiency in irrigation water use; 

v. To enable volumemetric payments for irrigation water use; 
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3.2.2. Principles of flow measurement in open channels   

Key principles  

Although in design of irrigation channels, flows are assumed to be uniform, actual flows are 

often unsteady (variable).  For any channel or conduit through which flow occurs, the discharge 

is a product of the area (A) and the velocity of the flow (V). The velocity of flow in open 

channels can be measured using different methods, and the area of flow can also be determined 

by measuring the cross sectional elements of the channel.  

          (      )       (  )           (  ⁄  ) 

 

 

Figure 18. Cross section of open channels i) Left-Trapezoidal channel, ii) Right-Semi-circular 

channel 

 In open channel flows, stages of water (levels) are generally related to the amount of water that 

flows through the channels. Water levels (stages) are easier to measure in open channels and 

discharges are generally not measured directly. Thus, flow volume (discharge) can be easily 

determined as a function of stage of water (flow depths).  

          ( )   ( ) 

Where Q is in m
3
/s and h is stage (depth of water) measured as appropriate. Thus, at various 

location in open channels where there is an established Q-h relationship, or at structures, once 

the head (h) is measured the discharge (Q) can be adequately estimated (determined).  

Flow measurements in open channels can be generally categorized into two: (i) Direct methods 

and (ii) Indirect methods   

i. Direct methods: This involves measuring the amount of flow in channels directly. The 

most common direct method is the Area-velocity method. In this method, the flow 

velocity is measured directly (average at 0.6*h from the surface). The area of the flow 
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can also be determined by measure the geometrical elements of the channel. Then Q is 

obtained as a product of the area and the velocity.  

                  (     )            

  

  

Figure 19. Velocity profile for open channel flow 

 

ii. Indirect methods:  These methods involve measuring discharges indirectly. There are 

generally two approaches:  

a. Q-h relations: in this approach discharges are measured indirectly from stages. 

These could be using flow measuring structures (such as flumes, weirs, etc.) or 

flow rating curves.       

b. Slope-Area method: in this approach the most known open channel flow 

equations (Manning and Chezy) can be used. These essentially depend on 

measurement of the slopes of the channels.     

                                                                   

    

Where Q = discharge (m3/s), n = Manning’s roughness coefficient (range between 0.01 and 

0.75), C=Chezy roughness coefficient, A= cross-section area (m2), R= the hydraulic radius, 

equal to the area divided by the wetted perimeter (m), S= channel slope. 
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Measurement of stages (water levels) 

Measuring stages or depths of flow is the in open channels are a major part of flow 

measurement as flows are related to stages. There are several options for measuring water 

depth (levels) in open channels. These include staff Gauge, wire gauge, automatic stage 

records, etc. Stage measurement is required in almost all kinds of flow measuring techniques. 

Stages (h) are required for: computation of areas of flows, in Q-h relations (rating curves), for 

flow measuring structures, etc.   

 

Figure 20. Stage measurement in open channels   

3.2.3. Stage-Discharge relations in open channels 

A rating curve is a plot for the relationship of the stage of the water (depth) in an open channel 

(natural or artificial) versus the flow rate in a channel. It is also known as a stage-discharge 

relationship. It is usual to establish gauging stations at sections of natural and artificial channels 

to measure discharge. This is because, in fact, that direct measurements of discharge in open 

channels is costly and time consuming. At these gauging stations different water stages are 

measured and the corresponding discharge is determined. A relationship between the stages and 

discharge is plotted to produce a rating curve. A mathematical equation for the discharge Q at 

any stage h can then be developed. The equation of the rating curve is of the form: 

       

Where C and a are parameters that are fit using a power regression, h is stage of water in m, 

and Q is the discharge in m
3
/s. Once the Q-H relationship is established, water levels can be 

measured and the corresponding discharges can be determined from the stage-discharge 

relationship (rating curve plot or equation). Rating curves are required to be extrapolated when 

the discharge measurements are not available over the entire range of observed stages. In 

simple cases, the curve may be smoothly extended if there are no changes in cross section.  
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Figure 21. Gauging station for Q-h relation (Left),      Stage hydrograph (Right) 

 

 

Figure 22. Typical Stage-discharge relationship for open channel flow  

3.2.4. Flow Measurement Techniques in Open Channels  

Flows in open channels can be measured using different direct and indirect techniques. In all 

the methods, measurements of flow velocity and stages (depths of flow) are important. Flow 

depths in the sections of channels can be measured using staff gauges or rulers in small 

channels. On the other hand, flow velocity can be measured (estimated) with different 
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approaches (techniques) in direct and indirect methods of flow measurement. The flow 

measurement techniques are described below.   

Simple float methods 

This method is cheap and simple. The float method is an approximate method of flow 

measurement. Still, it provides satisfactory estimates of discharges if performed carefully. In 

this method, the flow velocity in a channel at the water surface will be measured using a float.  

As the surface velocity is in general higher than the mean section velocity, velocity, a 

correction factor will be applied. The flow area is measured by measuring the geometrical 

elements of the channel section. The flow in the channel is then estimated by multiplying the 

area with the velocity.   

Vsurface = travel distance/ travel time = L/t 

Vmean = K * Vsurface 

 

Discharge, Q = Vmean  * Area  

 

 

Where K is a coefficient that generally ranges from 0.8 for rough beds to 0.9 for smooth beds 

(0.85 is a commonly used value). 

 

Figure 23. Reach of a channel for float method of flow measurement  

 
Steps for the float method 

 
Step 1. Choose a suitable straight reach with minimum turbulence (ideally at least L= 3 times 

the channel widths long) 

Step 2. Mark the start and end point of your reach 

Step 3. Drop your object into the stream upstream of your upstream marker, If possible, make 

sure travel time should exceed 20 seconds 

Step 5. Start the watch when the object crosses the upstream marker and stop the watch when it 

crosses the downstream marker. 
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Step 6. Repeat the measurement at least 3 times and use the average in further calculations of 

mean flow velocity, Vmean 

Step 7. Measure the channel’s width and depth and determine the cross sectional area, A 

Step 8. Determine Discharge: Q = Cross section area (A) * Mean velocity (Vmean) 

Current-metering 

Current meters are devices which measure the velocity of the water current at a certain location 

in a channel section. These devices measure the flow velocity with high accuracy. There are 

different sizes of current meters ranging from very small ones for flow measurement in small 

artificial channels to very large ones for measurement in large and deep rivers (cable 

suspended). 

 

Figure 24. Current meter fixed on rods  

With the help of current meters, the number of revolutions of the propeller per unit of time is 

measured and it is related to the flow velocity. The current meters are held at 0.6 of the depth 

from the water surface. The relationship is generally like: 

 

Where v is flow velocity in m/s, Ns is the number of revolutions of the propeller per unit of 

time (sec), and a and b are constants of the device. The flow area can be determined from the 

width and depths measured. For rectangular and trapezoidal channels, depths of flow and 

widths can be easily measured and the areas determined. However, for irregular channels, the 

whole channel width needs to be sub-divided in several sections and the velocity measured at 

0.6 of depth at each section. The discharge in the channel is determined as a summation of the 

discharges in each section.  
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Figure 25. Section of channel with divisions for velocity measurement   

  ∑                                 

Where Vi is the mean velocity at the i
th

 section, and Ai is the area of the i
th

 section.   

   For the first and last sections                 For the rest of segments  

                                                        

 

 

Figure 26. Flow velocity measurement in an irrigation canal using hand held small current 

meter (Photo: by Zeleke Agide) 

Slope-Area methods  

This is an indirect method of flow measurement. In the Slope-Area method, the flow velocity is 

estimated indirectly using semi-empirical flow equations. These equations estimate the flow 

velocity as a function of: 

 roughness of the channels, n or C 

 hydraulic radius, R 

 bed slope of the channels, S      

The most widely known two equations are the Mannaing and Chezy equations.  
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Where Q = discharge (m3/s), n = Manning’s roughness coefficient (range between 0.01 and 

0.75), C=Chezy roughness coefficient, A= cross-section area (m2), R= the hydraulic radius 

(A/P), S= channel slope (ratio).  

In order to use this, method, the above three elements of the channel need to be determined. 

The roughness of the channel is designated either Manning’s n or Chezy C that can be 

estimated for different channels from Table 1.  The hydraulic radius S can be determined by 

divide the flow area A by the wetter perimeter P. The bed slope of the channel S can be 

determined considering the elevations of two points on the bed of the channel and their distance 

for nearly uniform flow. For varied, flow the energy loss per unit distance Sf needs to be 

considered. With these three elements known, the velocity can be determined using one of the 

above two equations. The discharge can be then determined, Q = A*V     

            
                 

                        
 

 

Table 3.1. Typical Manning’s n values  

 

Flow measurement structures 

Flow measuring structures are mean to measure of water flowing through the structures by 

basically reading the depth of flow (stage). These can be mobile structures which can be 

installed and removed at different locations where flows need to be measured, and are thus 

generally small ones. On the other hand, permanent and large flow measuring structures can 

also be established where they will be fixed in a channels section and permanently measure 
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flows. For flow measuring structures, the depths of water is read on a scale at an appropriate 

location and, the flow-rate is then computed from standard formulas or from standard tables 

prepared specially for the structures.  

Free and submerged flows  

Discharge through flow measuring structures can be free (modular) or submerged depending on 

the downstream water level conditions in relation to the upstream or crest of the structures.  

Free flow:  occurs when the tailwater (or downstream) conditions do not affect the flow 

conditions upstream and the discharge over or through the structures can be evaluated using 

only one water depth generally measured on the upstream.  

                        For free flow, Q = f(Hu) 

Submerged flow: occurs when downstream conditions (water levels) are such that the flow 

conditions through the structure is affected. When flow cannot exit at the tail quickly enough, 

water pushes back upstream. This generally causes increases in water levels on the upstream 

but without increases in velocity. Thus, if only upstream water depth is considered, it generally 

results in overestimation of discharges. Therefore, water levels both on the upstream and 

downstream needs to be measured and used for determination of discharge. 

For submerged flow, Q = f(Hu, Hd) 

 

 

Figure 27. Free and submerged flow over a weir 

 

Parshall flumes 

Parshall Flume is an economical and accurate way of measuring the flow of water in open 

channel. It was developed by Dr. Ralph L. Parshall of the U.S. Soil Conservation Service. The 

flume was originally developed to measure surface waters, water rights apportionment, and 

irrigation flows, but its use has expended to include measuring the flow of sewage (both in pipe 

and treatment plants), industrial discharges, dam seepage, and other applications. It can be 

https://en.wikipedia.org/w/index.php?title=Ralph_L._Parshall&action=edit&redlink=1
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placed in a flow stream to determine the flow of water.  The flume accelerates flow by both a 

contraction of the parallel sidewalls and a drop in the floor elevation in the throat.  The contraction 

and drop accelerate the flow from a slow, subcritical state to a supercritical state.  

 

The Parshall flume has three parts: 

 Upstream converging section: where measurement of stage occurs    

 Throat: constrict part where secondary stage measurement is made 

 Downstream diverging section   

 

 

Figure 28.  Plan and sectional view of a Parshall flume  
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Table 3.2.  Parshall flume dimensions  

 

 

Free and Submerged Flow through Parshall flume  

Free (modular) flow occurs in a Parshall flume when the tail water condition in the flume does 

not affect the flow. This means that the tail water levels are low enough to not to affect the flow 

on the upstream.   The primary advantage of free-flow is that the level only needs to be 

measured at a single point (the primary point of measurement, Ha, located in the inlet of the 

flume and upstream of the throat) to calculate the flow rate. Under free-flow conditions a 

phenomenon known as the hydraulic jump occurs downstream from the flume.  A hydraulic 

jump is where the supercritical flow from the throat of the flume meets the sub-critical flow of 

the downstream water.  Formation of the hydraulic jump downstream of the flume is a good 

visual indication that the flume is operating under free-flow conditions. 

 

Submeged (drowned) flow occurs when the water surface downstream from the flume is high 

and the flow through the flume is affected.  When the resistance to the flow in the downstream 

channel is high, the velocity out of the flume reduces; flow depths increase and cause a 

backwater effect affecting the flow. For submerged flow, water levels need to be measured at 

two points, in the approach channel (Ha) and in the throat (Hb) 

 

                  
  

  
 

Parshall Flume flow is not reduced until the submergence ratio exceeds a critical value called 

submergence transition (St).  

 

Table 3.3.  Parshall flume submergence transition (S t) 

Parshall Flume Size St 

1” – 3” 50% 

6”-9” 60% 

1’-8’ 70% 
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10’-50’ 80% 

 
 

 

Figure 29.  Free and Submerged flow ranges for Parshall Flumes 

 

Figure 30. Free and Submerged flow conditions through a Parshall flume 
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Figure 30. Free Parshall flume flow (Left: Free flow, Right: Submerged flow) 

 

Discharge through Parshall Flume   

The flow rate through a Parshall Flume is expressed in terms of the level of water measured in 

a flume in the upstream converging section.  Under free-flow conditions, to determine the flow 

rate in a Parahall Flume, the water level is measured from the surface of the water to the floor 

of the flume at the point of measurement. Free flow rate through a Parshall flume is given by: 

 

Where Q =discharge in m
3
/s, ha= head measured above the flume floor (m), C and n are flume 

constants from Table. Table 4 shows the constants for different sizes of flume designated by the 

width of the throat in inches or m. The sizes of Parshall flumes range from the small ones (1 

inch) to very large permanent structures with throat widths of 50 ft (15.24 m).      

 

 

 

 

 

 

 

 

 

 

 

 



  39 
 

Table 3.4. Constants for Parshall flume free flow equation 
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Figure 31. Installed portable sheet metal Parshall Flume for furrow stream measurement (Wonji 

Sugar Estate: by Zeleke Agide) 

Broad crested weirs 

The broad crested weirs are a hydraulic structures widely used for depth control and flow 

measurement. The geometry described as a flat-crested structure with a length (L) of crest large 

enough compared to the flow thickness over the crest of the weir. The crest is broad when the 

streamlines of the flow are parallel to the crest and the pressure distribution is hydrostatic. A 

flow measuring weir in its simplest form consists of a wall of timber, metal or concrete with an 

opening with fixed dimensions cut in its edge for flow of water. It is a simple structure over 

which water flows in such a way that volumetric flow rate can be calculated from measurement 

of water levels. Weirs are called broad crested based on the width of the crest over which flow 

occurs. Broad-Crested weirs are much thicker in cross section when compared to sharp-crested 

weirs.     

Broad crested weirs can be constructed from different materials, but generally made of 

reinforced concrete which usually span the full width of the channel. Other materials such as 

masonry, steel structures, etc. can also be used.   
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Figure 32. Broad crested weir flow profile    

The broad crested weir can be distinguished from sharp crested based on the relative 

dimensions of the head over the crest and the width of the crest. The criterion for a broad 

crested weir is: 

 

Where H is the head over the crest (m), and L is the width of the horizontal crest.  

 

Free and submerged flow over broad crested weir 

Free flow over a broad crested weir occurs when the downstream water levels are lower than 

the crest level and that the weir is freely discharging. Free flow is also called modular flow. For 

free flow conditions critical flow depth (Yc) occurs over the crest of the weir.  

Submerged flow exists when the tail- water surface is above the crest of the weir, and thus the 

crest of the weir is drowned. The downstream conditions thus affect the flow over the weir. The 

depth of submergence is the difference in elevation between the downstream water surface and 

the weir crest level.  

Depth of submergence, HD = D/s water level – Crest level 

Submergence ratio = HD/H1.    

Where HD  and H1 are depths over the crest on the downstream and upstream respectively. The 

weir will operate satisfactorily up to a submergence ratio of about 0.66, that is 

when HD = 0.66H1. 
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Figure 33. Free flow condition over broad crested weir  

 

 

Figure 34. Submerged flow condition over broad crested weir  

 

Flow over broad crested weir 

The broad crested free flow conditions depend on the formation of a critical flow condition 

over the crest and the approaching flow before the weir is sub-critical. Free flow over a broad 

crested weir is given by: 

       
 
 ⁄  

Where Q is discharge (m3/s), L is the length of the weir (m), H is head over the crest of the 

weir, and C is discharge coefficient (C=1.71) 

 

Figure 35.  Free flow over a broad crested weir   
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Figure 36. Head-discharge relationship for a broad crested weir   

 

When the weir is submerged, water level increases over the weir and flow is affected. Thus, the 

upstream water level over the crest alone is not enough to determine discharge. Water level 

measurements on the downstream above the crest level needs to be determined too. Once the 

weir has submerged, discharge is calculated using a combination of weir and orifice equations. 

 

Sharp crested weirs 

A sharp-crested weir consists of a vertical flat plate with a sharp edge at the top (the crest), 

placed in an open channel so that the liquid must flow over the crest in order to drop into the 

pool below the weir. A sharp crested weir is usually formed from a sheet of metal which will 

not rust or from a thin wall of concrete. Sharp-crested weirs can be distinguished from Broad-

Crested ones by the body of water (nappe) that springs from the downstream edge (crest) of the 

weir.  

 

Figure 37. Flow condition over a Sharp crested weir  

The flow over a rectangular sharp crested weir is given by: 

       
 
 ⁄  
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 Where L is the length of the weir, H is the head over the crest and C is discharge coefficient (C 

 1.9).  

  

Figure 38. Details for flow through a rectangular sharp crested weir 

V-notch weirs  

The V-notch is a sharp-crested weir with V-shaped flow section (notch). It is especially good 

for measuring low flow rates. The flow area decreases as H increases, so a reasonable head is 

developed even at a very small flow rate. It enables larger changes in head for a small change 

in discharge and thus is suitable for measurement of head with higher accuracy. The weir 

crest is the top of the weir. For a V-notch weir it is the point of the notch, which is the lowest 

point of the weir opening (V-shape). 
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Figure 39.  V-notch weir details  

 

Figure 40. Flow through V-notch installed in a tertiary canal (Metahara Sugar Estate, by Zeleke 

Agide) 

The flow through a V-notch is given by: 
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Where Cd is discharge coefficient, H is head over the bottom of the notch (m), and  is the 

angle of the V-notch (degrees).  

 

Table 3.5. Typical discharge coefficients for V-notches   

Notch angle (degrees)  Discharge coefficient (Cd) 

60 0.654 

90 0.694 

120 0.663 

150 0.761 

 

Sluice (vertical) gates  

Sluice gates are under-flow structures for measuring and controlling flows in open channels. 

The sluices are openings provided in a channel bottom and controlled by adjustable gates. Flow 

under sluice gates can be free or submerged depending on the water surface on the 

downstream.   

   

Figure 41. Flow under sluice gates: a) Left-Free flow, b) Right-Submerged flow 

The discharged through a sluice gate for free flow is given by an orifice equation: 

        √     

Where Cd is coefficient (depends on different parameters - such as upstream and tail-water 

depths, gate opening, contraction coefficient of the gate and the flow condition) (c0.6 to 0.65), 

a is the height of the opening, B is the length of the crest, and H1 is the head on the upstream 

above the channel bed.  

For submerged flow condition, the flow under the sluice gate depends on the difference in 

water levels between the upstream and downstream. Thus a drowned orifice formula is used. 

The flow can be estimated by: 

        √   (     ) 
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Where all other parameter are as defined above, and H2 is the water depth on the downstream 

above the channel bed. 

 

Discussion Questions  

 Imagine of an irrigation water distribution system without any flow control structures. 

Discuss what would happen with respect to: i) irrigation efficiency, ii) equity, iii) 

adequacy, iv) flooding, etc.    

  What are the flow control methods (structures) that you may know particularly in 

traditional irrigation schemers? Discuss their importance in flow regulation and 

distribution.     

 

Exercise: Flow measurement using float method 

Flow rate it be measured in an irrigation canal. The canal has a width of 1.2m, depth at the 
center=0.5m and the average depth= 0.3m.  A float took an average of 35 seconds to travel 

a distance of 25m (from A to B in the Figure). Determine the discharge in the canal.  
 
Solution: 

Area of flow, A= depth* average width= 1.2*0.3 =0.36 m2 
Average velocity= Distance/time = 25/35 = 0.417 m/s 

Discharge, Q= A*V= 032*0.417 = 0.26 m3/s 
 

 
Figure 42. Plan of a channel for flow measurement using float method  

Field work exercise-Flow measurement  

Go to the field; in a group of 3-5 persons, find a stream, irrigation canal or any other 
channel where water flows through. Follow the procedure for flow measurement using 
float method, and measure the discharge through the channel. Make an appropriate hand 

sketch of the reach of the channel selected. Repeat the procedure for at least 3 times for 
more accurate estimates.    
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4. Irrigation Techniques: On-farm Water Management  

4.1. Methods of Irrigation  

The following two methods of irrigation can be generally identified: 

 Surface irrigation  

 Pressurized irrigation 

4.1.1. Surface Irrigation 

Definition and basics   

Surface irrigation as the name implies is the application of water to the soil by flowing the 

water over the surface of the land to be irrigated. It is the oldest and most common field 

irrigation methods in the world. In surface irrigation, water flows by gravity from the 

higher part of the field to the lower part. Hence, appropriate land leveling is a prerequisite 

for successful surface irrigation to make sure that water is evenly distributed over the field. 

As water flows over the field, it infiltrates down to the soil to replenish the soil moisture 

deficit. In surface irrigation, either the whole field could be flooded or the water can be 

channeled in small channels called furrows or in strips.  

Surface irrigation is historically considered to be a traditional method of water application 

due the fact that it generally floods the areas to be irrigated. However, if it is well 

managed, good irrigation efficiencies as high as 80% could be achieved.    

Discussion Question  

 Why are soil characteristics so important in surface irrigation? Discuss. 

 

Land leveling  

Land leveling is a process of smoothing and shaping of the land surface to ensure uniform 

distribution and infiltration of water in the soil. In surface irrigation, land leveling is 

externally important for the success of the systems. It is as important to surface irrigation 

as the design of laterals, manifolds and sprinklers (emitters) for pressurized irrigation 

systems. Land leveling is required nearly every cropping season, particularly where 

substantial cultivation following harvest disrupts the field surface.  

 
Figure 43. Original and formation levels for land leveling  
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Figure 44. Example of i) field initial elevations, ii) Cut and fill depths  

Land leveling can be performed using the following methods: 

Human (animal) power: Minor land leveling operations can be performed using human and 

animal power.  However, it can only be used for land leveling operations for minor 

smoothening activities as it is tiresome. 

Tractor-drawn leveler: This is the most commonly implemented land-leveling technique.  A 

tractor-drawn leveler has a blade or a bar moving soil from higher elevations to lower 

ones. While the land may appear level with this technique, during the irrigation period 

topographic variations become visible, revealing an uneven distribution of irrigation water. 
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Figure 45. Tractor drawn land leveler  

Laser land leveling is leveling the field within certain degree of desired slope using a guided 

laser beam throughout the field. Farmers devote considerable time resources in leveling 

their fields properly. However, traditional methods of leveling land are cumbersome, time 

consuming as well as expensive, and laser levelers are easier and accurate. 

 
Figure 46. Laser land leveler  

Advantages and disadvantages of surface irrigation  

The advantages of surface irrigation are: 

 Requires relatively lower investment costs for development. 

 Can be used with water carrying large sediments, debris, impurities, etc. unlike 

pressurized irrigation systems.  

 Operation doesn’t require high technical skills.   

The main disadvantages of surface irrigation are: 

 As the water flows over the field, it could result in serious soil erosion. 

 Need for land shaping and creation of furrows, borders, ridges, etc. at the beginning 

of each growing season. 

 It is generally inefficient (water is wasted in the form of evaporation, deep 

percolation,  and runoff) and not suitable for water scarce areas.  

 

Surface irrigation systems can be classified into the following three types: 

 Basin irrigation 
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 Border irrigation 

 Furrow irrigation  

 

 

A. Basin Irrigation System  

Basin irrigation is a surface irrigation method where water is applied to a flat area of land 

surrounded by bunds, where it stays over the surface for infiltration. The bunds prevent the 

water from flowing to the adjacent fields.  

 

Figure 47. Typical layout of basin irrigation system  

  

Figure 48. Basin irrigation: Left: Rice irrigation, Right: Small basin for tree irrigation  

The sizes of basins are determined based on: 

 land slope  

 soil type  

 available flow to the basin  
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 required irrigation depth 

 field size  

Generally, as the stream size (water flow to the basin) increases, the size of the basin also 

increases for the same soil type in order to distribute the larger flow over a larger area.  As 

the irrigation depth increases, the size of the basin also increases for the same soil type.  

Basin irrigation is more suitable for soil with low infiltration rates (clay or clay loam soils). 

This is because for sandy soils, it will cause large non-uniformity in water infiltration as 

the water flows in the flat basins).       

Table 4.1. Suggested maximum basin areas (m2) for various soil types and available stream 

sizes (l/sec) (Source: FAO) 

Stream size (l/sec) Sand Sandy loam Clay loam Clay 

5 35 100 200 350 

10 65 200 400 650 

15 100 300 600 1,000 

30 200 600 1,200 2,000 

60 400 1,200 2,400 4,000 

90 600 1,800 3,600 6,000 
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Figure 49. Factors affecting basin sizes  

Suitable crops  

Generally, basin irrigation method is suitable for crops that are unaffected by standing 

water for longer periods, say 12-24 hours (FAO, 1988). However, it is suitable for field and 

row crops such as cereals, cotton, maize, etc. Basin irrigation is most commonly used for 

rice crop which loves standing water which creates an ideal condition for the crop. Tree 

crops (orchards) can also be grown in small basins, where a single tree generally grown in 

one basin.  

 

Common faults   
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Some of the common faults in basin irrigation at result in low irrigation efficiency and 

non- optimum plant growth are: 

 Poor land preparation: Sloping basins and un-ever land surface within a basin causes 

non-uniform water infiltration within the basin. This causes loss of water due to 

deep percolation and under-irrigation.  

 Heterogeneous soils within a basin: Non-uniform soil type within a basin results in 

different volumes of water infiltration in the soils resulting in deep percolation and 

under irrigation.   

 Small stream size: In surface irrigation the stream should reach the end of the field 

(basin) within 1/4T where T is the infiltration opportunity time for water 

infiltration. If the stream size is too small, it will not reach the end of the basin in 

that time period, and the whole flow might infiltrate in the upper half of the field 

causing deep percolation loss. This leaves the lower half of the basin under-

irrigated.    

 

 

Figure 50. Common Basin irrigation faults 

 

B. Border Irrigation system 

Borders are long, uniformly graded (sloping) strips of land, separated by earth bunds. In 

Contrast to basin irrigation these bunds are not to contain the water for ponding but to 

guide it as it flows down the field. The border may be blocked at the downstream end to 

prevent runoff. 

Borders are often narrow and long in length with rectangular in shape. Borers should be as 

long as possible to reduce construction and maintenance costs. However, the size of the 

border depends on: 

 soil type  

 stream size 

 slope 
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 irrigation depth  

 farm size 

 

Figure 51. Typical Border irrigation layout  

Generally, smaller unit stream sizes will be used for clay soils than sandy soils due to its 

low infiltration rates. For the same soil type, border length increases with increasing 

stream size and irrigation depth. Border slope and stream size have inverse relations in 

border layout.  

Table 4.2. Suggested maximum border lengths and widths (Source: FAO) 

Soil type  Border 

Slope (%)  

Unit flow per metre 

width (l/sec)  

Border 

Width (m)  

Border 

Length (m)  

SAND  

(Infiltration rate greater 

than 25 mm/h)  

0.2-0.4  10-15  12-30  60-90  

0.4-0.6  8-10  9-12  60-90  

0.6-1.0  5-8  6-9  75  

LOAM  

(Infiltration rate of 10 to 

25 mm/h) 

0.2-0.4  5-7  12-30  90-250  

0.4-0.6  4-6  6-12  90-180  

0.6-1.0  2-4  6  90  

CLAY  

(Infiltration rate less than 

10 mm/h) 

0.2-0.4  3-4  12-30  180-300  

0.4-0.6  2-3  6-12  90-180  

0.6-1.0  1-2  6  90  

 

Suitable crops  

Several field and row crops such as cereals, maize, cotton, pasture. etc. can be grown with 

border irrigation method. However, close growing field crops are more suited to border 

irrigation.  

Common faults  

The common faults in border irrigation practice that will cause inefficient water use are: 



  56 
 

- Poor land grading: If the land is not graded properly and there is a cross-slope, irrigation 

water will not spread evenly over the field. 

- Wrong stream size: Too small stream size will result in deep percolation losses on the upper 

reach of the border, especially on sandy soils. 

- Wrong cutoff time: If the inflow is stopped too soon, the water may not even reach the end 

of the border, and if the flow is left running too long, water will run off the border at the 
downstream end and be lost as runoff. 

 

 

 

Figure 52. Wrong stream size (a) stream size too small, (b) stream size too large 

  

C. Furrow Irrigation System   

Furrows are small parallel channels, which carry water down the land slope between the 

crop rows. It is the most widely used surface irrigation methods. Water infiltrates into the 

soil as it moves along the slope. Irrigated crops are usually grown on the ridges between 

the furrows.  

Furrow shapes: for sandy soils, furrow shapes are narrower and deeper, while for clay soils 

furrow shapes need to be shallower and wider.    

  
Figure 53. Furrow shapes for: Left-Sandy soils, Right-Clay soils   
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Figure 54. Furrow infiltration pattern in sandy and clay soils   

 
Figure 14. Furrow infiltration: Left-spacing too wide, Right- right spacing   

  
Figure 55. Furrow irrigation: Left-Siphon tubes, Right-Hydroflume (reduces seepage in field 

channels  

 

Furrow layout should consider the following factors: 

 Soil type 

 Irrigation depth 

 Stream size 

 Land slope 

Key considerations for furrow layout are:   

 For sandy soils, furrows need to be shorter (not more than 100 m) than clay soils given 

other factors are same. Otherwise, large deep percolation would result in the head 

reach of the furrows. On clay soils longer furrows (as long as 800m) can be used 

because of infiltration rates.  

 Furrows need to be longer for larger stream sizes, because larger flows will advance 

faster than small ones.  
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 For larger depths of irrigation, furrow lengths can be longer 

 For steeper slopes of furrows, stream sizes need to be smaller to reduce erosion.  

Table 4.3. Typical basic soil infiltration rates (FAO, 2002)  

Soil type  Basic infiltration rate (mm/hour) 

Clay 1-7 1-7  

Clay loam 7-15 7-15 

Silt loam 15-25 15-25 

Sand loam 25-40 25-40 

Sand > 40 >40 

 

 
Figure 56. Components of furrow infiltration profile along the field  

Table 4.4. Furrow lengths (m) as a function of slope, soil type, stream size and net irrigation 

depth  

Furrow slope 

(%)  

Maximum stream size (l/s) per 

furrow  

Clay  Loam  Sand  

Net irrigation depth (mm)  

50  75  50  75  50  75  

0.0  3.0  100  150  60  90  30  45  

0.1  3.0  120  170  90  125  45  60  

0.2  2.5  130  180  110  150  60  95  

0.3  2.0  150  200  130  170  75  110  

0.5  1.2  150  200  130  170  75  110  

 

Suitable crops  

Furrow irrigation method is suitable for all row crops and for crops that cannot stand in 

water for long periods, (say 12-24 hours). 

 Row crops, such as maize, sunflower, sugarcane, soybean; 

 (Vegetable) crops that would be damaged by inundation, such as tomatoes, cabbages, 

potatoes, onions,  beans etc.;  

 Fruit trees such as citrus, grapes; papaya, etc.  
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Furrow common faults 

The common faults in furrow irrigation practice that would result in poor efficiency and 

non-uniform water distribution are: 

 Poor land preparation (Non-uniform water distribution) 

 Clay soils (clay soils are generally difficult to irrigate with furrows because it results in 

less water infiltration in the head reaches) 

 Too small stream sizes resulting in too long advance time. This practice causes too 

much deep percolation losses 

 Cutting off the flow too soon- even under right stream sizes, if flows are stopped earlier 

than required, the flow would not advance to the end of the field thereby leaving the 

tail reach under-irrigated.    

 

Figure 57.  Faulty furrow infiltration profiles: Left- wrong stream size, Right- Cutting off 

inflow too soon   

Table 4.5. Potential surface irrigation application efficiencies (Solomon, 1988)  

Irrigation method  Potential efficiency (%) 

Basin  80-90 

Border 70-85 

Furrow 65-75 
 

Table 4.6.  Potential efficiencies of field irrigation systems (Solomon, 1988)  
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Spate Irrigation  

Definition 

Spate irrigation is an irrigation practice of diverting and distributing spate flows (brief 

floods) that occur for relatively short period of time to agricultural fields. It is a non-

conventional irrigation system as the flows are less predictable and less irrigation 

infrastructure is generally required for water distribution.       

Spate irrigation is characterized by the following principles (Steenbergen et al., 2010): 

 Spate water flows must be spread quickly; 

 Flood quantities must be divided manageably to prevent erosive flows and the 

formation of gullies; and 

 Large enough water volumes should be ensured for downstream irrigation in the 

brief time spate flows are available. 

 

Water distribution   

Field water distribution in spate irrigation can be: 

i. Field-to-field distribution: All the flow in a canal is diverted to a group of bunded 

fields one after the other. When the upstream field is irrigated, water is released to 

the downstream field by making a cut to the bund. This process is repeated until all 

the fields have been irrigated (Steenbergen et al., 2010).  

 
Figure 58. Field-to-field water distribution in spate irrigation  

 

ii. Individual field distribution: Individual fields are supplied with water from individual 

field inlets on main (secondary) canals. It is often preferred to field-to-field inlets 

because they offer higher control of water distribution and can increase overall 

water productivity (Steenbergen et al., 2010).  

iii.  
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Field work Exercise: Furrow advance and recession, and infiltration evaluation 

 
Pay a field visit to an existing irrigation scheme, and in a group of 3 to 5 persons, try to 
acquire an irrigated field where furrows can be made. Prepare (or consider if existing) at 

least 3 furrows irrigated simultaneously based on the length of the field and appropriate 
spacing and make measurements in the middle furrow. With the normal size of stream and 

cutoff time (that you think is appropriate), make the following measurements. 

a. Start irrigation and take note of the time at start; 

b. Make measurements of advance distance and time at every 5-10 m interval down the 

furrow and take note of the total advance time; 

c. Measure the tail runoff discharges using appropriate method; 

d. After sufficient time of irrigation, cutoff the stream, and take note of the time at cutoff; 

e. Record the recession times at regular distances down the furrow; 

Required: 

i. Plot the advance and recession curves on the same plot; 

ii. Determine the intake opportunity times along the furrow. Comment on its uniformity;   

iii. Determine the total volume of water delivered to the furrow in m3; 

iv. Estimate the total volume runoff volume in m3, 

v. Estimate the total volume of infiltration in m3; 

vi. Estimate the average depth of furrow infiltration in mm; 

vii. Comment on the general performance of the irrigation event you performed.  

 

4.1.2. Pressurized Irrigation  

Pressurized irrigation can be classified into 2 categories: 

A. Sprinkler irrigation systems  

The system 

Sprinkler irrigation is a method of pressurized irrigation in which water is applied by 

sprinkling in the form of natural rain drops. It is an overhead irrigation method. For 

pressurizing the flow for sprinkling, it requires energy. Energy for sprinkles can be supplied 

from: 

 Pumps (electrical or diesel operated) 

 Gravity- given the water source is sufficiently higher than the area to be irrigated.    

Advantages and disadvantages  

Advantages  

• Quantities of water can be easily controlled 

• Intensities (application rates) can easily be adapted to  meet soil, crop and weather 

requirements 
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• Sprinkler systems are versatile thus providing both the  planner and user 

considerable flexibility 

• Fertilizers can be applied by these systems 

• Uniformity of water distribution is relatively high 

• High irrigation efficiency (saves water) 

• Does not require significant land grading and leveling (can be used on undulating 

land) 

• Fertilizers application can be done with water   

 

Disadvantages 

• Initial capital costs are high 

• Water sprinkling can be affected by windy conditions  

• Requires skilled personnel for installation and operation  

 

Classification of sprinklers  

Classification of sprinkler systems can be made based on the following factors: 

 Pressure:  

o high pressure 

o low pressure 

o regulated pressure  

 Mobility: 

o solid or  permanent (1 location of emitters)  

o semi-permanent  (2  or 3 locations) 

o periodically moved 

o continuously moving  

 Distance of throw 

o long >   30m 

o intermediate     10 – 30m 

o short    <       10m 

 Discharge rates 

o high   >    2 m3/h 

o intermediate      0.5 - 2 

o low    < 0.5 
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Figure 59. Types of sprinkler irrigation: Gun sprinkler, Linear move system, Center pivot, 

Periodical move 

Wetting patterns  

AS sprinklers discharge water, there should be appropriate overlap in the wettings patterns 

to ensure uniformity in water application.  
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Figure 60. Wetting patterns of sprinklers  

System components and layout  

The major components of sprinkler irrigation system are: 

 Pumping station- Supplies energy for pressurizing the flow  

 Main line- Conveys the eater from the source to a location where it is subdivided 

 Sub-main line- carries water after flow is divided 

 Laterals- Is a pipe on which the sprinklers or other emitters are installed 

 Sprinklers- Devices which sprinkle the water under pressure  

 
Figure 61. Typical components of sprinkler irrigation layout  
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Figure 62. Periodic move wheel-line or hand-line field layout. Credit NRCS. 

Common Causes of Sprinkler System Problems  

 Irrigating sloppy areas: installing sprinklers on sloppy areas can cause 

inappropriate/unequal  pressures for the sprinklers down and up slopes;  

 Damaged pipes: Pipes laid on the ground van be damaged due to several factors 

such as loadings, vehicles, etc.;   

 Poor water quality: clogging can happen; 

 Blocked or Broken Sprinkler Head 

 Low water pressure at will affect the water distribution; 

 Inappropriate selection of pumps- pumps need to be carefully selected for the 

required discharge and pressure.   

 

B. Drip irrigation system  

Definition and types 

Drip irrigation is also sometimes called trickle irrigation. It involves dripping water onto 

the soil at very low rates (2-20 litres/hour) from a system of small diameter plastic pipes 

fitted with outlets called emitters or drippers. Water is applied close to plants so that only 

part of the soil in which the roots grow is wetted, unlike surface and sprinkler irrigation, 

which involves wetting the whole soil profile. Because of low operating pressure the 

discharge rates of the emitters is small and the application time is long.   
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Figure 63. Drip irrigation in the field  

Advantages and disadvantages  

Advantages  

• Optimal soil moisture can be kept in the soil by applying in in small amounts   

• High efficiency: exactly the required amount of water can be applied where it is 

needed. Soil is partly wetted and hence evaporation from the land surface is reduce 

thereby saving irrigation water.   

• Hydraulics: Water control is more easy and complete  

• Less labour is required for operation 

• Fertigation can be made with water  

  

Disadvantages  

• Clogging of emitters if  poor quality water is used 

• Salt accumulation in the interface between the irrigated and non-irrigated soil 

 

System components and layout  

A typical drip irrigation system consists of the following components:  

• Pump unit 

• Control head 

• Main and sub-main lines 

• Laterals 

• Emitters or drippers 
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Figure 64. Typical layout of drip irrigation system 

 

Suitable crops and quality of irrigation water  

Drip irrigation is most suitable for row crops (vegetables, soft fruit), orchards, grapes, etc. 

where one or more emitters can be provided for each plant. Generally high value crops are 

considered to be more suitable because of the relatively high capital costs of installing a 

drip system. 

One of the main challenges with drip irrigation is blockage of the emitters. Emitters have 

0.2 - 2.0 mm diameter, thus it is essential for irrigation water to be free of sediments. If nor 

so filtration of irrigation water will be needed. Algae, fertilizer deposits and dissolved 

chemicals which precipitate such as calcium and iron can also cause blockage.  

Common problems of drip irrigation systems   

 Not installing a filter on your system: Even clean water can cause a trouble to drip 

irrigation systems. Without a filter all kinds of sediments end up at the drippers causing 

clogging. 

 Too low pressure: Low pressure causes malfunctioning of the drippers.  

 Pressure variation: for drip lines installed on sloppy areas, significant pressure variation 

can result due to the topography.  

 Insufficient water supply: When the supply from the source cannot meet the irrigation 

needs; and checking flows is often overlooked.  

 Not installing pressure regulators: Higher system pressures need to be well regulated.  

 Lack of spare parts: When installing a drip irrigation system, make sure you have extra 

repair couplers, tees, elbows, and other essential fittings on hand. 



  68 
 

  

Figure 65. Filters for drip irrigation:  i) Sand filters (for organic and inorganic 

contaminants), ii) Screen filters (for organic contaminants) 

 

Selection of Irrigation Technologies  

The suitability and hence selection of the various irrigation technologies: surface (furrow, 

border, or basin) and pressurized (sprinkler or drip) depends mainly on the following 

factors:  

i. Natural conditions: The natural conditions such as soil type, land slope, climate, 

water quality and availability play a key role in selection of irrigation technologies.  

ii. Type of crop: Surface irrigation can be used for all types of crops. Sprinkler and drip 

irrigation, because of their high capital investment per hectare, are mostly used for 

high value cash crops, such as vegetables and fruit trees. They are seldom used for 

the lower value staple crops.  

iii. Level of knowhow on technologies: Sprinkler and drip irrigation generally require 

higher level of skills for installation, and operation and maintenance. Surface 

irrigation, on the other hand, require less skill.    

iv. Previous experience with irrigation: Selection also depends on the irrigation tradition 

Surface irrigation can be used for all types of crops. Sprinkler and drip irrigation, 

because of their high capital investment per hectare, are mostly used for high value 

cash crops, such as vegetables and fruit trees. They are seldom used for the lower 

value staple crops.  

v. Required labour inputs:  Availability labour is a key issue for selection of irrigation 

technologies. Surface irrigation requires large labour, while for pressurized systems, 

labour demand is low.  

vi. Benefit-cost analysis: Commercial irrigation development is an investment, and hence 

analysis of benefits and costs is required. As different technologies will have 

different costs, selection should be made such that the benefits exceed the costs for 

over the planning period. 

 

Discussion Questions  

 Why do you think are the main bottlenecks for adoption of pressurized irrigation 

systems by farmers in addition to the technical requirements?    

 Discuss on water quality challenges with regards to use for drip irrigation.   
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4.2. Field Exercises  

Field work Exercise 1: Furrow advance and recession, and infiltration evaluation 

Pay a field visit to an existing irrigation scheme, and in a group of 3 to 5 persons, try to 

acquire an irrigated field where furrows can be made. Prepare (or consider if existing) at 

least 3 furrows irrigated simultaneously based on the length of the field and appropriate 

spacing and make measurements in the middle furrow. With the normal size of stream and 

cutoff time (that you think is appropriate), make the following measurements. 

• Start irrigation and take note of the time at start; 

• Make measurements of advance distance and time at every 5-10 m interval down 

the furrow and take note of the total advance time; 

• Measure the tail runoff discharges using appropriate method; 

• After sufficient time of irrigation, cutoff the stream, and take note of the time at 

cutoff; 

• Record the recession times at regular distances down the furrow; 

Required: 

• Plot the advance and recession curves on the same plot; 

• Determine the intake opportunity times along the furrow. Comment on its 

uniformity;   

• Determine the total volume of water delivered to the furrow in m3; 

• Estimate the total volume runoff volume in m3, 

• Estimate the total volume of infiltration in m3; 

• Estimate the average depth of furrow infiltration in mm; 

• Comment on the general performance of the irrigation event you performed.  

Fieldwork exercise 2: Infiltration measurement  

Using a double ring infiltrometer, measure the infiltration rate of soils at a selected plot. 

• Plot the total infiltration  curve 

• Plot the infiltration rate curve  

• Find the basin infiltration rate.  
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5. Operation and Maintenance of Gravity Irrigation Systems 

5.1. Operation of gravity irrigation systems  

5.1.1. Operation at main level 

Operation of water conveyance and distribution systems is the most important service that the 

canal and gate operators provide to farmers in the delivery of irrigation water. From farmer's 

point of view, it is ideal to provide freedom in terms of timing, flow-rate, and duration of 

irrigation applications. However, the major objective of operation is for water level control, and 

water flow control so as to meet water requirements of crops, for water savings, and safety of 

canal operation.  

 

i. Operation of Water Level Regulators 

Control of water level in a canal system is important and the acceptable fluctuations should not 

be very large. The reasons for water level control are: 

 To keep command of the service area through gravity - The higher the level in a canal, 

the larger is the area which can be irrigated by gravity without pumping. This is an 

important consideration for the users. Canals are run only at full supply to ensure a 

constant water level at each off-take.  However, to meet the requirements of modern 

irrigation, canals have to be operated under variable flow conditions. Since there is a 

direct relationship between flow and water level in a canal under uniform flow 

conditions, steps have to be taken to raise the level in the canal by artificial means. 

 Canal Safety and protection - The water level should not exceed an upper limit in order 

to avoid overtopping and wasting water through escape structures. But if the water level 

drops too low and too fast, canals may deteriorate because of backpressure on canal 

lining and the instability of canal slopes in difficult soils. It is important, therefore, to 

keep the water level between a maximum, which is imposed for safety reasons, and a 

minimum, which is needed to supply the land by gravity. By keeping water levels high 

enough, erosion from rain falling in an empty earth canal is prevented. 

 Flow control at off-takes  - The flow delivered through an off-take depends on the water 

level upstream. Limiting variations in the water level at canal off-takes to facilitate 

control of flow releases, therefore, is a crucial task. 

In modern irrigation schemes, water level is normally controlled through gated cross regulators. 

By damming a canal with cross-regulators, the water surface profile varies with the discharge 

from a line parallel to the canal bed at maximum flow to a horizontal line at zero flow. The 

volume contained between the two profiles is called the wedge volume (Figure 2.1). 
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Figure 66. A wedge volume created by a cross regulator 

In other words, the basic design of an irrigation system operated continually with variable flows is to 

divide the canals into successive pools (Figure 2.2) and to locate the regulators and the off-takes in 

such a way that the differential water level variations remain within certain limits. In each pool, the 

water level should remain within a maximum and minimum level but the surface profile can take any 

position within the two extreme lines. 

 
(a) 

 
(b) 

Figure 67. Pools created at off-take locations under variable flow 

ii. Operation of Flow Regulators and Distribution Structures 

The functioning of main canal and secondary canals requires proper handling of the flow 

regulating and distribution structures. The operation requirements of such structures are 

described as under.  
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Canal water escape 

Canal water escape is commonly provided very close to the intake facility of the headwork at a 

point free from maximum flood level of the river course. They serve the purpose of releasing 

discharges beyond FSL and silt removal that has been conveyed with irrigation water and 

sometimes they serve as escapes for the sake of maintenance activities at the downstream 

reaches. Such facility can be situated at more than one point in the system based on necessity 

and economic considerations.  

The silt basin shall be inspected for silt accumulation frequently and flushed through the canal 

water escape based on flow conditions, farm operation and maintenance plan. The silt basin 

should be flushed by disturbing the silt accumulated (preferably by more than two persons) 

manually by wooden poles prepared for this purpose. During this operation the on-going side 

gate will be closed and the escape channel gate will be opened. Thus this operation shall be 

systematically planned not to considerably affect the water distribution plan of the scheme. At 

the same time any trash on screens (if any) must be removed from the on-going supply canal 

side. 

Cross drainage works 

Cross drainage works can be siphon structures, culverts, aqueducts, flumes, level crossing, 

super passages and the like. Siphon structures are usually designed and constructed to cross 

valley where flume structure or other cross drainage structure is not found feasible. The syphon 

structures are mostly equipped with rejection spillway, trash rack at inlet side and silt flushing 

gates at lower part of the syphon pipe. Flow in such structure is usually fluctuating and is 

different from design flow. Thus, it has to be frequently inspected and operated. Particularly 

when the flow is silt and trash laden, the frequency of inspection and cleaning for trash and 

flushing for silt gate shall not be beyond every 15days. Flushing gate must be opened even in 

less frequency than 15days if outlet flow velocity is considerably less than the incoming flow. 

Likewise, other cross drainage works like culverts, supper passages, aqueducts, flumes etc. 

must be cleaned frequently to avoid clogging and overtopping. It is always advisable to check 

for any flood damages of such structures after heavy rain. 

Division box and off-take gates 

Water flowing in a main canal is distributed over the secondary canals, and that flows in a 

secondary canal is divided over the tertiary canals in three water distribution options as 

explained in section 2.3 above. i.e. proportional distribution; rotational distribution; or delivery 

on demand. The different methods of water distribution require different structures, and the 

operations of these structures are described here.  

 Proportional flow division structure 

The type of structure chosen to obtain proportional flow division depends on the accuracy that 

is required, on the number of off-take canals at the same distribution point, and on the local 

topography.  

The structure that is suitable for this method of water distribution is the proportional division 

box. The flow over each weir is proportional to the width of the crest, provided that these crests 

have the same height and shape. This method of water distribution does not usually need any 

action by farmers or operators for regulating the flow of irrigation water to the farms. Since the   
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division of the flow in the structures is fixed, when the flow in the source canal changes, the 

flow in the branch canals will also change, but the flows remain proportional to the respective 

command areas of the branch canals.  

5.1.2. Operation of water delivery at tertiary level 

The most important service that the scheme operators provide to irrigator is the delivery of 

irrigation water. Irrigators need freedom in terms of: 

 Timing 

 Flow-rate 

 Duration of irrigation water, according to the predefined irrigation scheduling criteria 

 

The following figure shows a simplified illustration of irrigation water delivery to each 

irrigator’s farm according to amount of irrigation water allocated by using irrigation scheduling 

method discussed in the previous section. The design of this irrigation scheme resembles that of 

a drinking water supply system. The major difference is the required capacity of the outlet 

valve at the tap and the turnout at distributary canal to each irrigated field.  

 

Figure 68. Schematic view water delivery to each farm 

Distributaries or tertiaries are smaller canals, which take off from the branch canals and 

distribute their supply through outlets into watercourse. They are aligned either as a ridge 

canals or as a contour canals. Discharge in distributaries is generally less than 30cumec and are 

operated by irrigators. 

Example 2.5: An irrigator supply 50mm of water to his field of size 1ha for 8 hours. What is 

the flow capacity of the distributary? 
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slorsmQCapcity /4.17/0174.0, 3  

Here, it is worth to note that the distribution of irrigation water to the field resembles a drinking 

water supply system with a tap in each house (see figure 2.8). However, due to the large flows 

needed in irrigation, such designs are mostly too expensive. In the example above, a discharge 

of 17.4 l/s is almost 50 times the capacity of the larger taps in a house and the cost of such 

valves is quite expensive. Thus, in order to reduce costs, irrigation schemes more often use 

open canals. A further cost reduction is obtained by letting a group of farmers share a common 

outlet. In addition to reducing costs when building the scheme, sharing a common outlet by a 

group of farmers also reduces the operational tasks of the scheme operators. For instance, the 

off takes for two tertiary units may be combined in one structure for reducing the number of 

structures. Further, putting in more structures would have required a higher water level in the 

upstream canal section. 

5.2. Maintenance of Irrigation Systems 

5.2.1. Objectives for maintenance 

The objectives for maintenance of an irrigation & drainage system are: 

 Keeping the system in good operational order at all times; 

 Obtaining the longest life and greatest use of the system’s facilities; 

 Achieving the above two conditions at the least possible cost. 

The performance of an irrigation systems depend not only on how the system is operated, but 

also on their conditions. Irrigation canals function well so long as they are kept clean and if 

they are not leaking. If no attention is paid to the canal system, plants may grow and the 

problem of siltation may arise. Even worse, the canals may suffer from leakages. Plant growth 

and sedimentation not only impede the flow in a canal, they also diminish the area of the cross-

section. As a consequence, the canal capacity may diminish. A reduction in the capacity may 

result in overtopping and a limit on water supply to the fields. The available water will also be 

reduced when there are leakages in a canal. In order to protect the canal system from these 

problems, the canals should be regularly inspected and maintained. 

 

 
Figure 69. Common problems in irrigation canals         
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5.2.2. Types of Maintenance 

The repair and maintenance works could be categorized as regular/routine, periodic, special and 

emergency. These are explained below: 

 

Routine /Regular maintenance or repair 

It is done regularly, at intervals of week, month or the end of each crop season and beginning of 

the new crop season. It is done without any hindrance to the performance of the system. 

Routine maintenance activities have to be repeated throughout the lifetime of an irrigation 

scheme to keep it functioning. Some of these activities are daily routines which do not require 

special skills, it may include the following items: 

 Test, clean and lubricate gates and valves. 

 Inspect and maintain instrumentation and gauging equipment.  

 Remove debris from dam area and emergency spillway approach and exit channel. 

 Remove debris or weeds from embankment face and from areas around the intake 

structures. 

 Remove silt from canals, drains and structures. 

Other routine maintenance activities require skilled artisans, such as a mechanic, a mason, a 

carpenter and a painter. They may be needed to do routine maintenance work such as: 

 Repair of  gates and measuring structures; 

 Repainting of steel structures; 

 Installation of water level gauges; 

 Maintenance and small repairs of pumps and engines. 

Larger routine maintenance jobs are usually done between irrigation seasons, when the canals 

are drained. These include: major repair or replacement of gates, pumps, and engines; large-

scale silt clearance from canals and drains; large-scale maintenance of roads and embankments. 

In the off-season, both farmers and operators are not busy with irrigation and can therefore 

more easily be engaged in maintenance work. Sometimes, for very large or difficult jobs, it 

may be necessary to hire a contractor. 

Periodic maintenance 

It is done once a year, before opening of the canal and also at the end of the canal closure and is 

done during non-crop season. Such kind of maintenances may include the following: 

 major desilting work in main canals and drains; 

 repair of canal lining; 

 repair of headworks and canal/drain structures; 

 maintenance of canal embankments, service roads and flood bunds; 

 repair or replacement of equipment, gates, pumps, motors, etc. 

 remove bushes and trees from embankment and abutments.  

 repair erosion gullies.  

 repair defective gates or valves, painting/changing defective gates.  

 Repair deteriorated concrete or metal components. 

 maintain riprap or other erosion protection. 

 maintenance of damaged but functional structures 
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Special repair/maintenance 

Special maintenance is done when extra ordinary repair is needed such as changing 

components of a gate or renovation of structures. This task involves extra cost on top of the 

normal repair and maintenance costs. 

Emergency maintenance 

Emergency repair is required if there are sudden problems such as the following: 

 The dam is about to be overtopped or being overtopped during high flood. 

 Erosion, slope failure or other conditions which are endangering the integrity of the 

dam. 

 Piping or internal erosion as evidenced by increasingly cloudy seepage or other 

symptoms.  

 Spillway blockage or restriction.   

 Excessive or rapidly increasing seepage appearing anywhere near the dam site. 

 Gate jamming, 

 Breach or overtopping of canal embankment or river dike 

 Critical failure of pumps or head works 

 Interruption of irrigation water supply and natural disasters such as floods, earthquakes 

or typhoons 

 Sudden failure of a structure, etc. 

The above conditions are critical and require immediate repair or maintenance under the 

direction of a qualified engineer. Operational staff must be trained so that they know what to do 

as soon as they arrive on the scene, such as cutting off the power to an overheated pump, and 

closing the head works in case of a canal breach. A good communication system can do much 

to reduce the damage. 

Carrying out a risk assessment for the scheme to identify areas where emergencies might occur 

can save time, resources and expense when these events actually occur. The risk assessment 

will review historical emergency events, inspect the site and talk with scheme staff and water 

users to identify areas of risk and measures to prevent, mitigate or deal with them if they occur. 

Scheme improvement 

The routine maintenance and emergency repairs described above are all aimed at keeping or 

restoring the technical infrastructure in the condition it was in when it was newly built. There 

are a number of reasons, however, not just to maintain the scheme in its original condition but 

to gradually improve it. The main reasons are: 

 A newly constructed scheme is hardly ever perfect. Some alterations are usually 

necessary to make it fully operational. 

  It is sometimes better to construct a scheme at minimum capacity, with low cost 

structures. Then, if the scheme proves to be a success, it can be gradually expanded and 

the structures replaced with more permanent ones. 

 Conditions change, both inside and outside the scheme. Improvements are necessary to 

ensure that the scheme continues to deliver services that correspond with farmers' 

needs. 
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Table 5.1. Table showing Typical Inspection Schedule for regular maintenance 

Componen

t 

Interval for Inspection Focus of the Inspection and 

nature of repair and maintenance  

Remark 

Storage Dam Once a week Profile of dam section, seepage, 

settlement 

Report to a 

technical team 

when any 

damage is 

noticed 

Outlet 

works/intake 

Daily during the irrigation 

season once during non 

irrigation period 

Leakage through valves, 

fluctuations in water level, algae 

growth 

Spillway Once a week Masonry profile, toe erosion, 

upstream approach channel, 

spillway channel 

Diversion Weir Once a week; Thorough 

inspection after rainy season. 

Erosion, retrogression, leakage 

through gates, gauge stability 

Hydraulic  

Structures  

Bi-annual  Scour, stability and energy 

dissipation arrangements.  

Recommend to a 
technical team 
when any 
damage is 
noticed  

Infrastructures 

(main conveyance 

and distribution 

system)  

Daily when canal is running for 

unauthorized use of water (in 

the evening)  

At turnout & manhole points, 

Canal banks. Removal of debris & 

trashes Maintain field canals  

Recommend to a 
technical team 
when any 
damage is 
noticed  

Command 
area  

(General) 

Once a month Check water logging, Erosion of 

command area due to irrigation if 

any, drains, boundary bunds of 

irrigation blocks 

 

Catchment At least once during the rainy 

season of each year. 

  

Watershed management works, 

Compare and contrast the trend in 

erosion rate occurring in 

conserved and non-conserved 

areas; 

 

The objective is 
to encourage 
irrigators to 
proactively 
contribute to the 
well being of the 
watershed 

General -For the 

entire scheme 

Irrigation Engineer, (once a 

year after rainy season) 

Environmentalist by 

agronomist (every crop 

season) Medical officers (twice 

a year)  

Monitoring 

To check the structure, review 

reports and suggest measures for 

improvements.  

Watershed management works 

and general ecology  

Land soil management  

To check the general health, 

hygiene of the area and that of 

livestock’s.  

Assess the improvements and 

constraints, capability building and 

extension works 
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Maintenance procedures 

a) Establish the maintenance tasks 

b) Determine and mobilize resource required to perform the tasks 

d) Prepare (with assistance of technicians) appropriate maintenance schedules 

e) Implement the tasks as per the schedules 

f) Monitor and evaluate the implementation 

5.2.3. Maintenance of Diversion headworks and appurtenant structures 

Division weirs  

The repairs as necessary as a result of inspection should be carried out well before the onset of 

the next main rainy season. Serious defects noticed should be reported to appropriate 

authorities for taking remedial measures in time. The inspection and maintenance for the 

following works may be carried out: 

a) Aprons: 

 Upstream apron and area immediately upstream of it; and 

 Downstream apron and area immediately downstream of it; 

b) Impervious floors: 

 Upstream of the gates/falling shutters; and 

 Downstream of the gates/falling shutters; 

c) Piers/Abutments; 

d) Road/Rail bridges; 

e) Sediment excluding devices; 

f) Canal head regulator; 

g) Instrumentation and performance; and 

h) River training works. 

In case of cracks in any masonry or concrete structure, these have to be field with mortar. A 

crack in a wall or in the floor of a structure and through which water leaks must be repaired as 

soon as it is observed. Such a repair on a check structure constructed of blocks is described 

below. 

 Step 1: Clean the wall or the floor round the crack. Remove any sand, clay and plant 

growth.  

 Step 2: Make the crack larger and deeper.  

 Step 3: Fill the hole with a cement-sand mortar and smooth with a trowel. 

Embankment dam and appurtenant structures  

Table 5.2. Dam and appurtenant structures maintenance schedule 
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Component Maintenance Activity Frequency 

Embankment Vegetation control 

Rodent control 

Minor earthwork, erosion repair 

Erosion protection 

Twice per year, minimum 

Check once per year, perform as 

required 

Check once per year, perform as 

required 

As required 

Principal Spillway Vegetation control 

Minor earthwork, erosion repair 

Erosion protection 

Concrete repair 

Twice per year 

Check twice per year, perform as 

required 

Check twice per year, perform as 

required 

As required 

Emergency Spillway Vegetation control 

Minor earthwork, erosion repair 

Erosion protection 

Concrete repair 

Twice per year 

Check twice per year 

Check twice per year 

As required 

Intake/Outlet 

Structures 

Trash-rack cleaning 

Mechanical operation 

Internal conduit inspection 

Concrete features inspection 

After every major storm 

Once per year 

Once per year 

Once per year 

Masonry Walls Vegetation control 

Missing stones 

Twice per year 

As required 

Miscellaneous Safety 

and Access Features 

Vehicle/pedestrian access route(s) 

maintenance 

Fences, locks, signs inspection 

Once per year 

 

Pumping stations  

Table 5.3. Pump problems, causes and corrections 

SYMPTOMS  CAUSES CORRECTIONS 

Failure to pump 

 

 

 

 

 

Pump not properly primed Prime pump correctly 

Speed too low or high Check speed, check calculations, consult 

with manufacturer 

Not enough head to open check 

valve 

Check speed, check calculations, consult 

with manufacture 

Air leak Check and rework suction line 

Plugged section Unplug section 

Excessive suction lift Check NPSH and consult manufacturer 

Rapid wear of 

coupling cushion 

Misalignment Align 

Bent shaft Replace 

Reduced performance Air pockets or small air leaks in 

suction line 

Locate and correct 

Obstruction in suction line or Remove obstruction 
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impeller 

Insufficient submergence of 

suction pipe 

Extend suction line to deeper water to the 

extent that NPSH allows you or excavate 

and deepen the area where the suction 

basket is located 

Excessively worn impeller or 

wear ring 

Replace impeller and/or wear ring 

Excessive suction lift Calculate NPSH, consult with manufacturer 

Wrong direction of rotation Ask contractor to rectify 

Driver overloaded 

 

 

 

 

 

Speed higher than planned Reduce speed 

Water too muddy Raise suction 

Too large an impeller diameter Trim impeller 

Low voltage Consult power authority 

Stress in pipe connection to 

pump 

Support piping properly 

Packing too tight Loosen packing gland nuts 

Excessive noise 

 

 

 

 

 

 

Misalignment Align all rotating parts 

Excessive suction lift Check NPSH, consult with manufacturer 

Material lodged in impeller Dislodge obstruction 

Worn bearings Replace bearings 

Impeller screw loose or broken  Replace 

Cavitation Check NPSH, correct suction piping 

Wrong direction of rotation Ask contractor to rectify 

Premature bearings 

failure  

 

 

 

 Worn wear ring Replace 

Misalignment   Align all rotating parts 

Suction or discharge pipe not 

properly   

Correct support supported 

Bent shaft     Replace shaft 

Electric motor  

 

 

 

 

 

  

 High or low voltage    Check voltage and consult power authority 

failure  

High electric surge   Monitor voltage and consult power 

authority 

Poor electric connection     Turn power off, clean and check 

connections 

 Overloads      Check amperage, do not exceed full load 

amperage 

Bearing failure        Change motor bearing 
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Cooling vent plugged (rodent, 

dirt, leaves)  

 Install proper screen 

Moisture or water in motor   Send for blow-dry and protect from 

environment 

 

5.2.4. Maintenance of Canals  

Irrigation canals are major hydraulic structures that convey and distribute water from the 

sources (dam, river, well, etc.) to different parts of the irrigation scheme. In gravity irrigation 

systems, canals are key components of the whole irrigation infrastructure. Irrigation canals 

should have sufficient capacity to deliver the required volume of water to different parts of the 

irrigated area where it needed. The capacity of irrigation canals (the volume of water it carries) 

depends on different features such as: 

 The longitudinal slope of the canal 

  The cross section of the canals 

 The condition of the surface of the canals (roughness) 

 The flow velocity, etc.  

Thus, irrigation canals need to be designed taking the above factors into consideration and 

fixing them appropriately. However, design alone wills not guarantee proper functioning and 

capacity of the canals. Irrigation canals require appropriate maintenance works in order to make 

sure that they satisfactorily maintain their design status. For this, there need to be a dedicated 

maintenance service.   

The Maintenance Service is entrusted with the overall responsibility for keeping the irrigation 

systems working in a satisfactory manner, within the limitations imposed by the initial design. 

The deterioration of irrigation canals include: 

 Cracking in the lining 

 Erosion 

 Settlement of embankment 

 Canal siltation and loss of capacity 

 Canal scouring  

 Physical damage by animals, flooding, etc.  

Maintenance activities can be more easily undertaken in the off-irrigation season due to the 

following: 

 During this period, labour from the farming community is largely available.  

 There is large willingness by the farmers to work their own irrigation scheme 

 Operational personnel are free at that time (no irrigation) and can be engaged to 

supervise or execute part of the maintenance work. 

Maintenance Service requires reliable data for good planning which can be obtained by regular 

monitoring. Without this reliable data, it would not be possible to make proper maintenance 
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planning. Data on productivity of maintenance operations and associated costs are among the 

most important ones. 

Irrigation canals can be generally classified as: 

 Lined canals 

 Unlined canals 

Lined canals are those whose surfaces are covered with some kind of protective covers to 

reduce seepage losses and canal erosion, vegetative growth, maintenance burden, etc. Canal 

lining materials can be compacted clay, concrete, masonry, brick, plastic, etc. The most 

common types of lining materials are however concrete and masonry.  

 

Figure 70. Compacted soil (clay) lining 

 

 

 

Figure 71. Stone masonry lining 
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Figure 72. Plastic (PVC) lining 

Unlined canals on the other hand do not have any surface protective covers and are generally 

associated with large seepage losses, erosion and modification and cross sections. The required 

maintenance inputs and efforts for unlined canals are generally high. However, as canal lining 

calls for higher initial project costs, irrigation canals are widely constructed as unlined ones.  

Maintenance requirements and procedures for lined and unlined canals are in general quite 

different.  

 

Figure 73. Typical unlined canal (Metahara Sugar Estate) 

Maintenance of Lined Canals 
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Lined canals generally require little maintenance, provided that they have been properly 

constructed. One of the main reasons for constructing lined canals is precisely to reduce 

maintenance operations. 

The routine and periodic activities for lined concrete and masonry lined canals include: 

 Replacement of joints 

 Replacement of damaged concrete slabs 

 Weed control in joints and on the surface of concrete slabs 

 Treatment of filters under the linings if available 

 Control and removal of silt stored  

In lined canals, siltation will not be a major problem as the lined canals are generally designed 

for higher velocities that can easily generally remove the sediments. Moreover, there are 

generally silt traps and settling basins provided at the heads of the canals to retain significant 

parts of sediments.  

Removal of silt from lined canals is an expensive operation because it is mainly manually done. 

Mechanical equipment can be used when specially adapted to avoid damaging the lining. In 

some irrigation schemes, the technique of flushing "quick water" through the canal is used to 

remove silt from one place and concentrate it in another where it can be more easily removed 

or disposed of. For this purpose, the canal should be run at its maximum capacity to reach the 

highest possible velocity. 

A major item of cost in canal maintenance can be removal of silt. Provision of de-silting basins 

at primary canal head-works can be a solution in major projects, although still posing a problem 

of disposal of silt deposited in the basin. More frequently, periodic de-silting of the canal 

system will be necessary. Periodic silt removal from lined canals is generally done annually 

during off-irrigation period (before irrigation starts). 

 

Figure 74. Manual de-silting of lined canals (Mahabrabhata, India) 
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Weed control is not a major problem in lined canals, although aquatic weeds must be 

periodically removed. The main problem in concrete and masonry - lined canals is cracking of 

the lining and eventual eruption (uplift) of the lining due to uplift pressure. Apart from 

repairing the damaged lining, corrective action must be taken. Installation of a subsurface 

drainage system can lower the sub-surface water levels and reduce the uplift effects on canal 

linings. 

Maintenance of Earthen canals 

Earthen (unlined) canals generally require more maintenance efforts than lined canals. There 

are four main problems in earthen canals that require maintenance attention. They discussed as 

under. 

A. Canal sedimentation (Silting) 

Excessive sedimentation is perhaps the most common problem affecting the performance of 

earthen canals. The causes for canal sedimentation are the following, among others:   

a) Defective design  

 excessive silt entry at the main canal intake 

 disproportionate withdrawal by branches 

 prolonged heading up at control points 

 low flow velocity 

 

b) Inefficient maintenance and management 

 re-entry of excavated material by rain and wind action 

 malfunctioning of intakes 

 disorganized sediment excavation and disposition  

 

c) Improper operation 

 wrong channel regulation 

Corrective measures for defective design are difficult to implement since they require major 

physical changes which imply heavy investments. However, the effects of defective design can 

be reduced by proper maintenance. For example, an incorrect angle between the parent branch 

and canal may induce the formation of a sand shoal which, if allowed to develop, will 

accelerate the silting process, thus compounding the consequences.  

Incorrect operation is also a major cause of silting. Canals carrying a heavy load of material in 

suspension should not be allowed to run at very low capacities (low velocity) as at lower 

capacities the velocity decreases inducing silting. Abrupt shutting of gates, causing rapid 

changes in flow velocity, may induce bank erosion near the gates. 



  86 
 

 

Figure 75. A typical poorly maintained tertiary canal (Metahara Sugar Estate) 

In order to reduce sedimentation in canals, settling basins can be provided at the heads of the 

canals. The flow velocity in the settling basins is generally low as it is an enlarged section. The 

stored silt in the basin can be regularly removed and returned back to the river through 

sediment sluicing arrangements. The most common and obvious maintenance need for earthen 

canals is de-silting (silt removal). De-siting can be made either manually or using a machine. In 

case of smaller canals and manageable sediment volume of sediments, the silt removal can be 

made manually. In case large volumes of sediments need to be removed, sediment removal by 

machine  needs to be employed. 
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Figure 76. Arrangements of Intake with settling basin 

 

Figure 77. Unlined canals being de-silted 

B. Weed (vegetation) infestation 

Weed infestation can seriously obstruct the flow of canal water there by significantly reducing 

canal capacity. There are in general two groups of weeds: 

i. Earth weeds: they root in the soil and their habitat is not the water; they multiply on 

the canal slopes and in the banks, benefitting from favourable soil moisture 

conditions 
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ii. Aquatic weeds: they can either root in the water or the earth but their habitat is in 

the water. Robson (1976) classifies them as follows: 

 emergent plants - these are plants growing in the water and whose foliage 

emerges above the surface. 

 floating leaved plants - there are two sub-groups with floating leaves: in one, 

the plants are rooted in the mud and their leaves float flat on the surface, in 

the other, plants are not rooted but free-floating on the surface. 

 submerged plants - this group consists of plants whose foliage is totally 

submerged; a number of them produce flowers which emerge above the 

surface; one or two plants are free-floating, but most are rooted in the mud; 

 algae - this group consists of a variety of algae of various forms, including 

unicellular algae and the large filamentous forms. 

The relevance of the type of weed to the method of control will become apparent when control 

measures are discussed.  

Why vegetation in canals matter? 

 Vegetation and weeds limits access for routine inspections  and operations 

 Vegetation roots can cause damage to the canals and linings  

 Vegetation obstructs water flow and reduces canal capacity 

 Vegetation (weeds) consume water 

 Vegetation can invite burrowing animals that can affect canals 

 Invasive aquatic plants can move quickly to the water bodies.  

 

Figure 78. Damage of canals lining by plant roots 

 

 

Methods of vegetation control in irrigation canals 

The methods of weeds (vegetation) control in irrigation canals can be one or a combination of 

the following: 
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 Mechanical-physical removal of the vegetation  

 Physical- lining canals in problematic areas and reaches   

 Chemical: using herbicides  

 Biological-introducing biological enemies of invasive weeds  

 

C. Water infiltration 

Water leaks through canal banks can be caused by burrowing small crabs and water rats or by 

rotting plants and roots which were not removed from the canal bank seat during construction. 

Ants are also known to be a problem even in concrete-lined canals. These leaks can be repaired 

by following the path of the leak through the bank either by hand digging or hydraulic backhoe 

if available and once the path has been found, the trench must be carefully backfilled and 

compacted. Canal leaks, if not repaired in time, can result in major breaches in banks causing 

far greater inconvenience and most costly repairs. 

Water seepage through porous soils may also be a major concern. Seepage through banks can 

be considerably reduced by trenching them and burying a plastic membrane or thick slurry 

made from the excavated material. The trench is backfilled with sand after the barrier has been 

interred. 

D. Erosion of banks 

Canal banks can be eroded by heavy rainfall or wind, improper canal operation, stock grazing 

or passage by drinking animals, and the transit of vehicles. Heavy rainfall or wind can cause 

serious damage to unprotected banks. Seeding of grasses in the unwetted part of the canal is a 

cheap and effective protective measure.  

Abrupt and rapid shutting off of canal water may also contribute to erosion of the banks. The 

practice of leaving a canal empty during the rainy season will contribute considerably to 

erosion of canal slopes. 

Erosion of canals can be repaired by mechanical means or manually by re-building the worn 

canal banks. However, care should be taken to construct a proper join between the old and the 

new part, otherwise the canal will deteriorate at the same place. The most effective measures 

against erosion damage are of preventive nature:  

 seeding grass on the banks of the un-wetted part of the canals 

 fencing the canals,  

 providing special places for animal watering and bathing, etc. 

 

5.2.5. Maintenance of flow control and regulating structures 

Flow control and regulating structures are canal structures for controlling and regulating the 

conveyance and distribution of irrigation water to different parts of the scheme. Without flow 

control and regulating structures, it is not possible to effectively control water flows and 
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efficiently manage irrigation water. The most important flow control/regulating structures are at 

the main and tertiary levels are: 

 Water level (cross) regulators 

 Offtake discharge regulators 

 Division boxes  

 Check structures 

 Field turnouts  

 

i. Water level regulators: these are important structures placed in the parent canals at 

secondary and tertiary offtake points. Their purpose is to raise water levels and keep more 

or less within allowable ranges in order to enable offtakes draw the required flows. Water 

levels regulators can be with: 

 Active regulation: in which there are active structures such as gates to 

regulate water levels and flows  

 Passive regulation: a structure placed in the parent canal at offtakes, but 

without active moving structures. Example can be a broad crested weir to 

raise water levels.    

 

Figure 79. Active and Passive water level regulators at offtakes 

ii. Discharge regulators: are generally active structures placed in an offtaking canals at 

offtake points. Their main purpose is to control and regulate the discharges into branching 

canals as per the water demand in the field. They are also used to shut-off flows during 

off-periods and for maintenance purposes.  
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Figure 80. Water level and discharge regulators (Metahara Sugar Estate) 

The main maintenance needs for water level and discharge regulators is to keep the gates in 

operational conditions. The actual regular and periodic maintenance needs are: 

 Functionality (movability) of the gates  

 Greasing of gates  

 Painting of gates to prevent against rusts   

 Replacement of gates in cases of damages 

 Welding and maintenance of gates in cases of breaks  

 Removal of sediment and trash deposited near and on the gates  

 Some concrete and masonry works as required  

 

iii. Division boxes: are used to divide or direct the flow of water from a certain canal to two 

or more canals or ditches. Water enters the box through an opening on one side and flows 

out through openings on the other sides.  
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Figure 81. Division box with two gates (Wonji-Shoa Sugar Estate) 

Division boxes are small structures and their maintenance tasks, are in general, minor. Routine 

inspection of the boxes is required to: 

 Remove sediments accumulated in the boxes that may cause overflow and blockage 

 Remove debris accumulated nearby the boxes and around the gates 

 Functionality of the gates- greasing (rust, damage, etc.) 

During the periodic annual maintenance works, division boxes need to be maintained for and 

checked for:  

 Major damages in the gates and structures  

 Painting of gates  

 Masonry works and concreting works  

 

iv. Check structures: are simple permanent or movable structures placed in small level 

canals in order to block flows and raise water levels to facilitate diversion/offtakig to field 

canals or furrows, etc. Check structure widely used in tertiary and field canals when 

furrows need to be irrigated in turns. For instance, if there are 100 furrows to be irrigated 

from the same field channel, and only 25 can be irrigated at a time, the flow in the field 

channel needs to be blocked and water levels increased to irrigated the first 25 furrows 

first. Once these are irrigated, the next 25 furrows will then be irrigated, and likewise 

irrigation of all the furrows can be completed.         

   

v. Field turnouts: turnout are small offatakes provided in the banks tertiary/quaternary 

canals in order to take water from the canals for field irrigation (generally to the field 
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channels). They could be in the form of small gated offtakes or pipes installed under the 

canal banks.  

Check structures in general are passive structures and mostly movable. Thus, these structures 

need no major maintenance woks. If permanent, the structures may be regularly inspected for 

damage, sediment deposition etc. and can be easily addressed. In case of movable checks, these 

are made from different kinds of locally available materials, such as fabrics, plastic membranes, 

sand bags, etc. Field turnouts need regular inspection and maintenance in order to make sure 

that they are not blocked and are able to deliver the required flows.     

5.2.6. Maintenance of flow measuring structures 

Flow measurement structures are important facilities in irrigation systems to manage and 

monitor irrigation water effectively.  Flows in irrigation systems are generally measured from 

observation of water levels (heads) in canals. For this, a stage-discharge relationship is very 

important. It can be established by measuring the flows at different stages and establishing a 

relationship by a plot of stage versus discharge (rating curve). 

  

Figure 82. Flow measurement in irrigation canal (i) stage measuring gauge (Metahara) (ii) 

stage-discharge relation  

As rating curve needs to be regularly updated as the relationship may deviate from reality due 

to modifications in the channel. The major factors affecting the relationship are: 

 changes in channel cross section 

 scour and sedimentation  

 growth and decay of aquatic vegetation  

 debris accumulation and jams  

 backwater and rapidly changing discharge 

Therefore, regular inspection of gauging station sites in canals need to be made. Regular 

maintenance is required for: 

 Removal of visible debris  and trashes 

 Removal of vegetation growing around a gauging station  
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Significant changes in the in the cross section of channels are not expected in lined channels. 

However, if the channels are not lined, channel cross sectional changes due to deposition of 

sediments and scouring is expected which affects the relationship. Thus, periodic maintenance 

of the channel around the station is required. Moreover, the stage-discharge relationship needs 

to be updated regularly if situated in earthen canals.     

There are several kinds of flow measurement structures which can be permanently installed in 

irrigation canals to measure flows, such as weirs, underflow gates, Parshall flumes, V-notches, 

etc. All these structures measure flows indirectly by measuring water levels. Therefore, 

accurate measurement of water levels is a prerequisite for proper flow measurement. Thus, 

regular inspection of flow measurement structure is needed for: 

 Removal of sediments being accumulated, if any 

 Removal of vegetation growing around, if nay 

 Removal of debris  

During the annual periodic maintenance works, flow measurements structures need to be 

maintained too. Calibration of structures shall be made by measuring slows using other 

methods (preparedly current meters), painting  of structure in case of metals, concrete 

maintenance works for any damages and tears, etc. 

 

Figure 83.Underflow gates as flow measurement structure (Metahara Sugar Estate) 

5.2.7. Maintenance of Night Storage reservoirs (ponds) 

Night storage reservoirs are important particularly in medium and large scale irrigation 

schemes. The major function of night storage reservoirs is to store water during night hours 

when there is no field irrigation. Night storage reservoirs are provided under the following 

three main conditions: 



  95 
 

 The irrigable area is far away from the source that it takes significant time for the water 

to travel 

 When it is required to reduce the costs of irrigation infrastructure needed without night 

storage 

 When the flows in the source (river) is smaller than the demands during irrigation 

hours and thus the flows during the off-irrigation hours need to be stoared. 

A pond (reservoir) consists of 4 main components: 

 the walls (dikes or levees) 

 the floor 

 the inlet works,   

 the outlet works 

The walls should be (nearly) impermeable and capable of withstanding the pressure exerted 

outward by the ponded water. The floor must be as nearly impermeable as possible. The inlet 

works must be able to receive the expected amount of water. The outlet works should have the 

ability to regulate flow from the pond and also provide for the overflow of excess water. 

  

Figure 84. Night storage reservoirs (i) plastic lined, (ii) unlined   

The walls and floor in unlined ponds are best made of a mixture of sand and clay. If the soil is 

of a sandy or sandy loam texture, clay or other lining materials must be used. If clay is not 

available, a 15 cm layer of sand/clay mixture (at least 20% clay) may be laid on the bottom of 

the pond and used as a core in the side walls. Waterproof linings of plastic or masonry can also 

be sued. These can be expensive, however, and, if not properly installed, can quickly develop 

leaks.  

In particularly run-off the river kinds of irrigation schemes, sedimentation is a major challenge 

for night storage reservoirs. The major periodic maintenance works for night storage reservoirs 

are: 

 Silt removal (de-silting): is the major and most important maintenance need for night 

storage ponds. It is generally done during off-irrigation annually.   
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Figure 85. De-silting of irrigation night storage pond 

 Operationality of the inlets and outlets: inlet and outlet structures of ponds (reservoirs) 

are important for taking in and releasing water. They need to be maintained annually. 

Gates need to be maintained and made perfectly functional. Their capacity needs to be 

checked and modification made as required.  

 Maintenance of the walls and the floor for the pond: making then impermeable to 

water-clay linings and compaction 
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