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Abstract 
Limited water resources and low productivity of water consumption in the agricultural sector, as the largest consumer of water, necessitate the 
improvement of the performance of irrigation networks. One of the necessary measures to do this is to use a systematic and comprehensive approach 
to evaluate and improve the performance of irrigation systems. The MASSCOTE approach is a comprehensive approach to modernizing medium to 
large-scale irrigation systems in terms of improving water delivery performance. MASSCOTE helps evaluate and prepare modernization programs in 
a step-by-step manner. In this research, the performance and improvement of Gotvand irrigation network was evaluated using the MASSCOTE 
approach. Based on the obtained results, the participation of users and the integration of their opinions and logical demands in the management of 
Gotvand Irrigation and Drainage Network, can be the solution to many network problems. Establishment of water utilities will reduce the problems 
associated with water abstraction violations, and make it easier for users to access and regulate their contracts. Modifying the conventional method of 
water distribution and replacing it with the volumetric distribution method creates a good capacity to reduce water losses and improve productivity in 
the network. Also, according to the calculations, the incoming water, leakage and drainage of the network are 1209.5, 113.2 and 771 million cubic 
meters, respectively. Therefore, based on the network water balance, the evapotranspiration rate of crops was estimated at 325 million cubic meters 
and then the net irrigation requirement was calculated using meteorological information, 389 million cubic meters, which is 64 million cubic meters 
less than the evapotranspiration rate. According to the results of MASSCOTE in order to improve the network performance, calculate the water 
balance and water requirement of crops, it is recommended to change the cultivation pattern and improve irrigation methods. 
 
Keywords: Modernization, Network management evaluation, Operation and maintenance management, Water delivery services. 
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Figure 1. Gotvand irrigation and drainage network 

  
Table 1. Specifications of Gotvand irrigation and drainage network 

Length of 
service roads 

Km 

Length of grade 1 
and 2 drains 

Km 

Length of the 1st and 
2nd degree canals 

Km 

Capacity of the 
main canal 

m³ / s 

Area of covered lands 
(hectares)  Irrigation 

network 
Net Gross 

91.2 59.5 56.6 92 4500 6050 Gotvand 
Gotvand 89 37.2 44.5 12 4500 6120 Aghili 

355.9 245.7 178.8 43 , 38 25000 31760 Deimcheh 
536.1 342.4 280 104 34000 37000 Sum 
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Figure 2. The steps of the MASSCOTE approach 

(Renault et al., 2007) 
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Table 2. List of rapid appraisal worksheets 

Description of worksheets Excel worksheets 
crops, irrigation water salinityplant coefficients, water supply, rainfall, … Input - water balance 
Automatic calculation of monthly and annual values of different water supply indicators External indicators 
General conditions of the system, water supplysystem management and water delivery services, … Project office questions 
Employee skills, motivation, dismissal and job description Project employees 
The extent of their authority, credentials, duties, and responsibilities WUA 
flow control, general canal specifications, routing rules, outputs, communications, …  Main canal 
Similar to the main canal information Second level canals 
Similar to the main canal information Third level canals 
Level of water delivery service to specific units at the last point of delivery by recruitment personnel Final deliveries 
Summary of internal indicators calculated in the previous worksheets and weighting them in the main and 
sub-canals to evaluate the level of services in the network Internal indicators 
Includes indicators of the International Institute of Technology and Research on Irrigation and Drainage 
(data are calculated from previous worksheets, such as water available to users, number of users, etc.) IPTRID indicators18 

This worksheet, in addition to the worksheet, provides the final summary indicators for execution World Bank BMTI indicators 
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Figure 3. Embedded nature of the RAP and 

MASSCOTE (Renult et al., 2007) 
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Table 3. Some information obtained from the first worksheet of rapid assessment in Gotvand network 
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Variable 
3201 191 112 77 135 180 288 360 404 421 447 346 240 Water requirements (mm) 
1106 99 57 43 22 34 56 117 145 153 149 143 89 Inlet surface water (MCM) 
228 14 48 8 52 34 37 0 0 0 0 0 34 Effective rainfall (mm) 

  

Table 4. External indicators of Gotvand irrigation system 
Value External Indicators 
1209.5 Irrigation water flow from outside covered lands (MCM) 

228 Effective rainfall on covered lands (mm) 
1132 Irrigation water delivered to users (MCM) 
90 System water delivery efficiency (%) 

325 Evapotranspiration of covered lands (MCM) 
389 Total Net Irrigation Water Requirement (MCM) 
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Table 5. Gotvand network operation instructions 

Weekly or daily instructions of Gotvand Exploitation Company to operators and employees 
Answer Question 

Yes Are there weekly or daily guidelines for output streams? (Yes - No) 
No Are output streams predicted by a computer program? (Yes - No) 
3 Rate of follow-up instructions at source level at field level (1-10) * 

No Are there weekly or daily guidelines for regulators? (Yes - No) 
No Are regulator currents predicted by a computer program? (Yes - No) 
3 Rate of compliance with farm-level regulator instructions (1-10) * 

Yes Are there weekly or daily guidelines for water levels in the canals? (Yes - No) 
No Are the water levels in the canals predicted by a computer program? (Yes - No) 
5 Rate of following water level instructions at farm level (1-10) * 

*1: They do not follow - 10: They follow completely 
  

Table 6. Worksheet indicators of Gotvand network employees 
Qualitative evaluation of Gotvand system employees 

Degree Questions 

2 

4- Adequate training in all areas for all employees 

Staff training 
3- Adequate training in all fields for managers 
2- Required training in all areas for some employees 
1. Minimum training for employees 
0-No training program 

1 

4- Dismissing employees is easy and has a short process 
The ability of 
the operating 

company to lay 
off employees 

3- Dismissing employees is easy, but it has a long process 
2. Dismissal of employees is not common. Sometimes they are fired due to their lack of work 
1- Dismissal of employees is rare and the reason is not due to lack of staff 
0 - Employees are never fired 

2 

4. There are annual bonuses and promotions for a significant number of employees 
Employee 
rewards 

3- There are bonuses and promotions for a number of employees 
2- There are rewards and promotions based on the length of service 
1. Sometimes they give little reward to the employees 
0 - No bonus for employees 
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Table 7. An example of the indexes of worksheets 8 to 10 of Gotvand system 

Third level  
canals 

Second level  
canals 

Main  
canal Indicators 

2 3 3 

4- Excellent 
Maintenance  
level of the  
channel bed 

3- Good - but they are not very clean 
2- It is not enough to prevent the reduction of maintenance channel performance 
1- Inadequate maintenance. Decreased performance is evident in less than 30% of the channel 
0 - The canals are almost not maintained and need to be repaired 

3 3 3 

4- Very easy to operate and hardware, fast, on the move or automatically 
Ease of 

operation  
of regulators 

3- Easy to operate but requires manual intervention to move hardware 
2- Hard operation and the need for more than 5 changes in hardware 
1- Operation is very difficult and in some hardware it is impossible to change 
0- Excessive operation and change in hardware is impossible 

3 3 3 

4- Access is very good and on one side of the canals is the car road 
Access service  

roads along  
the canal 

3- Good access and at least on one side of the canals, the car road 
2- Rough access roads of cars in a canal 
1- Access roads for the engine on one side of the canals 
0- No access road on either side of the canals 
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Table 8. Final delivery worksheet indicators 
Real services provided by employees downstairs 

Degree Questions 

0 

4- Measurement and control devices in excellent level and proper operation 
Measure 

the 
delivery 
volume  

3- Measurement and control devices at an acceptable level and moderate operation 
2- Useful but measuring volumes and current intensity is weak 
1- Measuring currents is appropriate but measuring volumes is inappropriate 
0- Do not measure volumes and flows 

1 

4- Without limitation of frequency, intensity and duration of flow 

Flexibility 
3- Frequency, intensity and duration of constant current 
2- Command to rotate flow but strictly according to the needs of the product 
1- Rotational flow delivery but its planning is inaccurate 
0-No rules for delivery flows 

1 

4- All points within the network and grade 3 units receive the same water delivery services 

Equity 
3- Network lands receive the same amount of water but in a range of services is unfair 
2- Network lands receive different amounts of water but are within a fair range of services 
1- The level of justice in delivery services is moderate between lands and within lands 
0- Differences in delivery services at the network level are more than 50% 
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Table 9. Some of weighted values of internal indicators of Gotvand irrigation and drainage network 

Value Internal Indicators 
0.7 Actual Water Delivery Service to Individual Ownership Units (field or farm) 
3 Actual Water Delivery Service by the Main Canals to the Second Level Canals 
0.7 Stated Water Delivery Service by the Main Canals to the Second Level Canals 
 Main canal 
1.6 Cross regulator hardware (Main Canal) 
3 Turnouts from the Main Canal 
2.4 Operation of the Main Canal 
 Second Level Canals 
0.6 Cross regulator hardware (Second Level Canals) 
2.7 Turnouts from the Second Level Canals 
1 Operation of the Second Level Canals 
 Third Level Canals 
0.6 Cross regulator hardware (Third Level Canals) 
1 Turnouts from the Third Level Canals 
0 Operation of the Third Level Canals 

  
Table 10. An example of IPTRID worksheet indexes in Gotvand network 

Value IPTRID Indicators 
1132 Availability of water (surface plus ground) to users (MCM) 
104 Flow rate capacity of main canal at diversion point (cms)  
306 Total number of Project and WUA employees who work in the field 
1.4 Average irrigation water salinity (dS/m) 
90 Estimated conveyance efficiency for pumped internal aquifer water (%)  

  
Table 11. An example of the World Bank worksheet indexes in Gotvand network 

Value World Bank Indicators 
1209.5 Total annual volume of water supply (MCM) 

53.91 Annual Relative Water Supply Or the ratio of the total annual volume of water 
supplied to the total annual volume of farm ET in irrigated fields (RWS) 

51.54 Annual Relative Irrigation Supply Or the ratio of the total annual volume of water 
supplied to the total annual volume of farm ET in irrigated fields (RIS) 

65.11 Water delivery capacity Or the ratio of canal capacity for water delivery at the 
beginning of the system to the maximum irrigation required by ET 

95 Security of entitlement supply Or the proportion that the irrigation organization is 
able to supply the required water to the network % 

37.2 Number of turnouts per field operator 
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Table 12. Fluctuations and necessary measures to deal with them in Gotvand network 

Measures to deal with them Frequency Position Magnitude Cause Fluctuations 

Installation of control 
structures and their repair All year round 

Second and 
third level 

canals 
small Deficiency and 

failure of structures 
Lack of control and 

measurement 

Dealing with violators and 
controlling the severity of 

impressions 

When the 
maximum 
demand 

Second and 
third level 

canals 
medium 

Lack of water 
management and 

control 

Unauthorized 
withdrawals and out of 

bounds 

Install a fence or determine 
the grazing range 

When grazing 
animals All canals small Lack of management Animal drinking 

Protection and construction of 
a swimming pool Summer All canals small Inattention of 

managers Local people swim 
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Figure 4. Separation of Gotvand irrigation and drainage network costs (2014) 
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Figure 5. Separation of water delivered to Gotvand 

irrigation network based on uses 
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Figure 6. Division of Gotvand system subunits and their tasks 

  
Table 13. Classification of demand level for operation in Gotvand irrigation network 

Third Level Canals Second Level Canals Main canal Subnet 
low medium good Water services 

- Low low Sensitivity of structures 
low Low medium Accuracy 
low Low very low Fluctuations 
high Medium low Demand class 

  
Table 14. Short-term and long-term plans to improve the operation of Gotvand network channels 

Long-term plans to improve operation (five years) Short-term plans to improve operation (one year) 
Demand planning for exploitation in different network lands Sensitivity assessment along main cannel, second and third 

cannels 
Redistribution of usable resources (recycling of drainage water) based on 
demand for operation 

Identify critical and vulnerable points along the channels and 
eliminate them 

Transfer of irrigation management toWUA Check water balance regularly and annually with accurate 
measurements 

Improve water use efficiency at the farm level Establishment of water management organizations to 
communicate more with consumers 

Definition of water delivery services Evaluation of water consumption efficiency at the farm level 
based on measurements 

Creating protection and safety for water metering and distribution structures to 
establish justice among users Monitoring the quantity and quality of drainage water 
Reconstruct duct cover to prevent leakage Increase operation and maintenance budget 
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Figure 7. The process of providing service-based management options based on the MASSCOTE method in Gotvand 

network 
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