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Abstract 

Iraq is one of the most affected countries, the increase in population growth and the detrimental effects of global 
warming, along with the neighboring countries' exploitation of transboundary rivers, have resulted in severe water 
resource shortages and detrimental effects on the environment, society, and economy. However, low irrigation 
efficiency, a decline in rainfall, and wasteful water use necessitate reevaluating irrigation systems and enhancing 
their effectiveness. Al Khachiya Irrigation Project is one of the most important projects located north of Wasit 
Governorate in Iraq, it runs along the left side of the Tigris River for about 55 km and serves about 55.8 km².  
Three fields A1, A2, and A3 were selected to evaluate Al Khachiya Irrigation Project. These fields are 
cultivated with different crops and applied irrigation methods (furrow and border). The Main Canal is a part 
of the Al Khachiya Irrigation Project with a length of 27.3 km, it is designed to pass an estimated discharge of 
25.7 m³/s. The evaluation of the Main Canal depended on some of the selected performance indicators like the 
efficiencies of storage and distribution of water, water application efficiency, water conveyance efficiency, and lastly 
the overall efficiency of the canal. A1 field is selected to evaluate the Main canal. Measurements made in the 
field during the growing season to ascertain the moisture content before and after irrigation, as well as the field's 
capacity and permanent wilting point, were all done with a venturi flume to control field input. The results 
showed that the average water application efficiency for the A1 field is 44.8 %. That means that farmers use 
water more than the actual demand. The average value of water storage efficiency is 69.67%. Furthermore, the 
efficiency of water distribution is about 88.87%. Field measurements showed that the actual water conveyance 
efficiency of the main canal is 97.51%. The overall efficiency for the main canal is 38.82 %. Evaluation results 
for the Main canal of the Al Khachiya Irrigation Project revealed that the amount of water used is more than 
required, resulting in a large number of water losses by deep percolation and surface runoff observed in this search 
due to inefficient use, increase in operating times, and lack of experience and skills of farmers in water 
management. 

Keywords: Irrigation efficiency, application efficiency, Water losses, storage efficiency, moisture content, and 
distribution efficiency, population, evaluation of an irrigation, water distribution, main canal. 

1. Introduction 

Water management is essential because, generally speaking, the water supply has become 
insufficient and the Tigris River's scarcity is a result of a deficiency in water resources that feed 
the river. Climate change and population expansion have also increased the water demand, 
which has complicated the situation. The amount of entering flow observed at the borders 
dropped as a result of the increased construction of dams in Turkey and Iran. (Abbas and 
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Azzubaidi, 2020) and lack of rainfall, this problem will certainly worsen later, (Almasraf and 
Salim). Every river and wadi had a different discharge which varied between 0 and 888.8 m²/s 
(Al Thamiry and Azzubaidi, 2020). Because of all these factors, the people who make decisions 
about irrigation projects in Iraq reevaluate how best to manage water resources by assessing 
the irrigation projects' water loss figures and determining the most effective way to cultivate 
land and install contemporary irrigation systems. Most irrigation projects, especially large-scale 
projects, require an evaluation of the water application efficiency on land to ascertain the 
number of water losses and whether the real water supply is performing less than planned 
(Alcon et al., 2017). It is necessary to take fast steps to achieve a strategic aim for water 
management and to improve the use of water for irrigation through application the of modern 
irrigation systems, technologies, and agriculture processes, (Al Mosawi and Al Thamiry, 2022). 
As a result, it's critical to use irrigation water as efficiently as possible to reap financial rewards 
and ensure the availability of irrigation water over time. In this regard, efficient irrigation 
systems perform better than inefficient ones, (Hameed, and Al Thamiry, 2023). Maintaining 
agriculture production requires the best crop water management to increase sustainability 
(Webster, 2014). 

Al Khachiya Irrigation Project is selected for evaluation and measures the efficiencies of water 
irrigation application, water distribution, water storage and conveyance of water then know the 
overall efficiency for all the project. Irrigation efficiency and water distribution standards have 
recently become very important tools for the development of agriculture activities. Assessing 
the effectiveness of irrigation projects gave stakeholders a hands-on understanding of how the 
system functions and what has to be improved for it to be improved. A thorough 
understanding of how irrigation systems operate was provided to stakeholders through the 
evaluation of their performance. (Hameed, and Al Thamiry, 2023). By gathering information, 
measuring the discharge and water applied depth, and determining the required net depth, the 
study seeks to estimate the water losses inside the fields of the Al Khachiya Irrigation Project 
and determine the water application efficiency to the irrigation surface system (furrows and 
borders). Next, offer suggestions for improving the system's water irrigation efficiency. 

2. Irrigation Efficiencies 

Not every water extracted from a river or well reaches the crop's root zone. Water may be lost 
in part in the fields and during canal transportation. The plant's root zone holds onto any 
leftover water. To put it another way, some water that was intended for irrigation is lost while 
a tiny amount is used effectively. The ratio of the amount of water used for plant growth 
requirements to the total amount of water from the source is known as irrigation efficiency. 
(A. Hamdi, 2007). The irrigation efficiency includes field application efficiency, conveyance 
efficiency, and distribution efficiency, (D.F. Hermann, W.W. Wallender and M.G. Bos, 1990). 

2.1 Distribution Efficiency. The regularity of the water distribution at the root zone region 
is referred to as distribution efficiency. It was once used to store and distribute water for 
crops. To calculate distribution efficiency mathematically is expressed as: 

Ed = (1-y/d) (2) 

where: Ed is distribution efficiency; d is water stored depth; and y  is the average deviation from 
the average depth of water stored depth. 

2.2 Water Application Efficiency. Water use efficiency or Application Efficiency is the ratio 
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between the depth of water in the root zone of plants and the total depth of water supplied in 
the field. Application Efficiency is expressed as 

%100x
dg

dn
Ea =

 (3) 

where: Ea  is Application Efficiency in fields (%); dn is the depth of water within root zone 
(mm); and dg is the total water depth applied (mm). 

2.3 Moisture Content and Water Stored Depth.  Moisture content was calculated by the 
following expressed (Musa et al.,2016): 

 
(4) 
 

where: pw  is the weight of moisture content; ws is the weight of solid soil; and ww is the weight 
of water. To obtain the moisture content (by volume), can use the following formula: 

 
(5) 

where: PV is the volumetric moisture content, and AS  is the specific gravity of soil. 

To calculate the water stored depth can use the following expressed: 

 
(6) 
 

where: d  is the net depth of water before and after irrigation ; D is the depth of root zone. 

2.4 Conveyance Efficiency. Conveyance efficiency is the ratio between the water of the canal 
from the reservoir or pumping station to the water of offtakes of the distribution canals.  
Conveyance efficiency is expressed as: 

 
(7) 
 

where: EC is the Conveyance efficiency(%),Q1  is the water entering (m³̸ s); and Q2  is the water 

delivered to the system (m³̸ s) (Hansen, 1960). 

2.5 Efficiency of Water Storage. The ratio of the depth of water storage in the root zone to 
the depth of water required by the plant is knowing water storage efficiency and it is 
expressed as: 

 
(8) 

 

where: Es is the water storage efficiency(%); and ds  is the water depth required by plant during 
irrigation (mm) (FAO, 1989). 

2.6 Overall Irrigation Efficiency. Overall Irrigation Efficiency (Ep) represents the average 
efficiency of the full operation between river diversion and the root zone of the plants, 
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Overall efficiency can expressed as, 

cdap EEEE ..=  (9) 

3. Methodology and Procedure 

3.4 The Study Area 

Al Khachiya Irrigation Project is located north of Wasit Governorate the center of Iraq and 
the administrative border between the governorate of Wasit and Baghdad. The project area is 

located between 33⁰ 01′ 51″ and 33⁰ 06′ 15″ latitude and 44⁰ 44′ 11″ and 44⁰ 56′ 15″ longitude. 
The gross area of the project is 279 km² and the irrigated area is about 216.5 km². The 
maximum rainfall amount occurring in Jan. with the mean annual recorded in the project is 
170 mm, where the relation between rainfall and runoff is very important to manage the 
available water (Farhan and Abed, 2021). The minimum and temperature range changed 

between 3.8-26.4 ⁰C and 16.7-49.5 ⁰C respectively. The lowest possible wind speed was in 
December at 1.89 m/s and the highest in March at 3.3 m/s. The recorded sunshine hour 
showed a large variation (6.5-12.5). The type of soil in the project is silt loam and sandy loam. 
Evaporation which exhausts 61% of the total precipitation (Al Sudani and Salim, 2022). The 
methods of irrigation used in the project are surface, pump (border, and furrow). The main 
irrigation network in the Al Khachiya project consists of a main canal and distributary canals 
with watercourses. The Wasit governorate water resources directorate supervises all agricultural 
lands and their irrigation sources, which include the Al Khachiya Project. Figure.1 Lands 
irrigated from the Al Khachiya Project. 

 
Fig.1: Illustrates the General Layout of the Al Khachiya Irrigation Project and its Branches. 

3.2 Selected Field within Study Area 

The evaluation of The Main Canal Part of the Al Khachiya Irrigation Project requires finding 
the actual irrigation efficiency in lands that are irrigated from it. Fieldwork is very important to 
collect the necessary data for evaluating and improving the system and investigate the hydraulic 
system within the zone area (Al-Saadi, and Al Thamiry, 2021). The field was selected to evaluate 
the irrigation performance within the project as shown in Table .1. It is irrigated by the Main 
canal and it was divided into three sections to ensure the accuracy of measurements, where the 
moisture content was conducted before and after irrigation to measure the actual required depth 
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of water by crop and the depth of water applied, then knowing the amount of water losses. 

Table 1: Details of the A1 Field Within the Study Area. 

No. Canal Name Field Station Km 
UTM Coordinates(m) 

Easting Northing 

1 Main Canal A1 13+100 33⁰07′19″ 44⁰48′41″ 

3.3 Soil Physical Properties of Field 

Soil Properties are very important parameters to evaluate the performance of the irrigation 
project. Permanent wilting point (PWP), field capacity (FC), bulk density soil, soil texture, PH, 

EC, and (Mg⁺, Na⁺, and Ca⁺ content) are required data in the evaluation. Soil samples were 
taken for the field at the depth (0-80) cm to cover the root zone and to know the variation of 
soil properties between layers. The soil analysis was made in the laboratory of the college of 
Agriculture, University of Baghdad. All the physical properties were tested in the laboratory, 
and only the bulk density was determined in the field using the core. Table .2 shows the 
laboratory results for soil properties. 

Table 2: The Laboratory Results of Soil Properties. 

Canal 
Name 

Fields 
Depth of 

soil sample 
(cm) 

Soil 
texture 

The 
moisture 

content at 
F.C by vol. 

(%) 

Moisture 
content at 

wilting point 
by vol. (%) 

EC (ds/m) PH 
Ca⁺ 

(ml/l) 
Mg⁺ 

(ml/l) 
Na⁺ 

(ml/l) 

MC A1 
0-40 

Silt loam 31.8 16.2 2.8 7.32 12.52 8.05 1.07 
40-80 

3.5 Measurement of Inflow 

A Venturi Flume was put in at the entrance of the canal assigned to the field to measure and 
calculate the discharge, where it is a critical-flow open flume with a confined flow that creates 
a critical depth because of the dip in the hydraulic grade line (Sathe et al., 2016). Venturi 
Flume consists: 

A- Upstream section 40 cm wide uniformly converges. 
B- Short throat section 20 cm wide. 
C- The downstream section uniformly diverges to 40 cm wide. 
D- The floor section is level in all directions. 
E- It has a total length of 1.5 m and a height of 40 cm; it is made from stainless steel. 

𝑄𝐶  =C𝐵₂y₂√
2𝑔𝐻

1−(
𝐵₂𝑦₂

𝐵₁𝑦₁
)
²
 (1) 

Where 

𝑄𝐶 = discharge (m³̸ sec). C Coefficient of discharge. 

B₁= Upstream width (m). And   B₂ =Throat width (m). 

y₁= Upstream depth (m). And   y₂= Throat depth (m). 

H= Difference depth (y₁- y₂). 

Fig. 2 and Fig. 3 illustrate the details of the venturi flume that is used to measure the discharge. 
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Fig. 2: Shows the Details of a Top and Side View of the Venturi Flume. 

 
Fig. 3: Snapshots During the Discharge Measurement by Venturi Flume. 

3.6 Root Zone Depth 

The root depth will be calculated for the alfalfa crop By using an approximate method to 
estimate the root depth (vertical) by carefully excavating the soil near and around the root of 
the crop without causing root scratches. The root depth is measured by using a measuring tape 
for each irrigation. Table 3 illustrates the depth of roots according to (FAO 1989) and soil 
water depletion fraction (AD). 

Table 3: Measuring Root Zoon Depth of Crop for A1 field. 
Date Canal name Crop type Average root depth (cm) 

Dec- 29, 2022 

Main Canal Alfalfa 

18 

Jan- 28, 2023 25 

Mar-1,2023 34 

Apr-4, 2023 40 

3.7 Water Applied Depth 
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The volume of applied water is determined by dividing its volume by the size of the field. This 
allows one to determine the depth of the applied water. The volume of applied water is 
computed from the product of the discharge during irrigation. Table 4 shows the applied water 
depth for the A1 field. Fig.4 illustrates the depth of applied water, stored water, and lost water. 
Where the average applied depth of water in the field is 65.61 mm and the depth of water 
stored is 28.94 mm, while 36.67 mm is deep percolation, which means about 56% of water lost 
in the field. 

Table.4: The Measurement of Water Applied Depth for the A1 Field. 

Date Canal name 
Flow rate 

(lps) 

Time of 
irrigation 
(Hour) 

The volume of 
applied 

water(m³) 

Net Area 
(dounm) 

Depth of water 
applied (mm) 

Dec- 29, 2022 M.C 27 8 777.6 4 77.76 

Jan- 28, 2023 M.C M.C 27 7 680.4 4 68.04 

Mar-1,2023 M.C 27 6 583.2 4 58.32 

Apr-4, 2023 M.C 27 6 583.2 4 58.32 

 
Figure.4: The Depth of Applied Water, Depth of Stored Water, and Water Losses in Each 
Watering for the A1 Field. 

4. Results and Analysis 

4.1 Distribution and Water Storage Efficiencies. Because it depends on the type of 
irrigation technique utilized, such as surface irrigation, the water distribution and storage 
efficiencies in the research region are generally high. Storage of water changes the timing 
amount and chemical composition of a river flow, leading to dramatic changes to groundwater–
storing floodplains and wetlands (Nama A., H., 2015). Efficiencies are determined according 
to the field measurements, where the amount of water added to the field is more than the 
needed water. The value of water storage efficiency ranged between 53.45 to 86.68% and the 
average value of storage efficiency was 69.67%. The efficiency of water distribution for the 
irrigation project is above 90%, and according to (Hansen, 1960) it is considered excellent.  
That means a good homogeneous distribution of moisture in the root zone, which shows the 
growth of the plant with a high degree of uniformity. Also, the good water storage efficiency 
indicates that the water stored in the soil is used by the plant because it is within the limits of 
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FC and PWP, which affects by increases the plant productivity. The average distribution 
efficiency is 88.87%. Fig. 5 clears the water storage and distribution efficiencies in the A1 field. 

 
Figure 5: The Efficiency of Distribution and Water Storage for the A1 Field. 

4.2 Water Application Efficiency. The actual average of water application efficiency for each 
watering in the field, which is irrigated with furrow, is about 44.8 %, this value of efficiency is 
considered within the range of water application efficiency 40% - 60% as listed by (FAO, 1995). 
From the result above, it can be seen that the farmers use more water for irrigation than the 
actual plant demands. It is possible to increase the application efficiency by controlling the 
irrigation time. Fig.6 shows the direction of the curves of the application efficiency for the A1 
field during different times of irrigation. 

 
Fig.6: Shows the Direction of the Curves of the Application Efficiency for the A1 Field During 
Different Times of Irrigation. 

4.3 Moisture Content and Water Stored Depth. Moisture content is a very important input to 
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estimate irrigation efficiency, its content is measured and recorded on-site. This moisture content is 
measured within the root zone during the growing season before and after water application from 
Dec- 29, 2022 to Apr-8, 2023 for different root depths. The Alfalfa crop was planted on November 
15, 2022, as seeds, and the harvested time was on May 15, 2023. Fig.7 illustrates the change in 
moisture content before and after irrigation for the field study BMC and AMC and also shows the 
FC and PWP levels and the allowed depletion of AD. The AD is determined based on (FAO, 
1989).FC and PWP are indicators of water accessible to the crop. If the moisture content is less 
than PWP, the crop cannot reach the water, and the soil becomes dry. 

 
Fig.7: The Moisture Content for the Effective Root Zone in the A1 Field Before and after 
Irrigation During the Period Dec- 29, 2022 to Apr-4, 2023. 

4.4 Conveyance Efficiency. Actual conveyance efficiency is measured in the Main Canal to 
determine the amount of loss water due to seepage and evaporation from the surface of 
water, so it is very important to determine the losses to know the actual amount of water 
delivered to the field; it is checked in winter 2023 for the Main canal and the discharge is 
measured at station 5+350 km and 23+718 km and it is 23.4 m³/s and 22.95 m³/s 
respectively, as shown in Table 5. Thus, the water losses in this distance are 450 l/s 
(equivalent to 24.50 l/s/km length), which is equivalent to about 0.58 m³/s along the main 
canal. So the conveyance efficiency is 97.51%, and such conveyance efficiency for the lined 
canal is very good (Halcrow, 1992). 

Table 5: Shows the Calculations of the Conveyance Efficiencies for the Main Canal. 

No. 
Canal 
name 

Monitoring 
station 

Station (km) 
Discharge 

m3/s) ) 

Seepage losses 
(l/sec/km) 

Conveyance 
efficiency (%) 

1 Main 
Canal 

M1 05+350 23.4 
24.50 97.51 

2 M2 23+718 22.95 

4.5 Overall Irrigation Efficiency. To evaluate the overall efficiency of the Main canal of the 
Al Khachiya Irrigation Project, the average results of water application, water distribution, 
and conveyance efficiencies are calculated. Table 6 shows the average irrigation efficiencies 
for the project in its Main canal. 

Table 6: Overall Irrigation Efficiency of Main Canal in Al Khachiya Irrigation Project. 

Canal name Field Ea (%) Ea (%) Avg. Ed (%) Ed (%) Avg. EC (%) Eo (%) 

Main Canal A1 44.80 44.80 88.87 88.87 97.51 38.82 
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From Table 6, the overall efficiency of the Main canal is 38.82%. So, the overall efficiency of 
the main canal is poor because it is below the acceptable limit. This means that more water is 
lost in the project due to defects in water management practices. Also, the amount of water 
delivered to the field is more than needed. To improve the water management in the project 
should know the actual crop water requirement of each plant, these requirements consist of 
the quantity of water consumed by the plant due to the process of transpiration, water 
evaporates from the surface of the earth, water consumed by the plant, washing requirements, 
and water lost in the field due to the irrigation process and compares it with the amount of 
applied water to avoid excess water. 

5. Discussion 

The results of irrigation efficiency in the Main Canal of the Al Khachiya Irrigation Project 
showed large amounts of irrigation water are lost by deep percolation and surface runoff due 
to the use amounts of water for irrigation than plants needed caused by weak water 
management of the farmers, where the percentage of water losses in A1 field is 56%, so it is 
very important to re-evaluate the irrigation project efficiency instead of relying on design 
standard to estimate water requirements. 

Below the main points are concluded: 

1. The water application efficiency for the field is an average of 44.8 % (furrow irrigation). 
Low values of application efficiency are due to applying water more than the plant 
requirements, in addition to inappropriate timings for irrigation. Application efficiency 
can be improved by proper water management within the field and reduced operation 
times. 

2. Requires rescheduling irrigation times according to the actual need for each field and using 
the water standard application in the project. 

3. Surface irrigation is the method used in the study area, in which the field is completely 
flooded with water, it leads to an increase in storage and distribution efficiencies, on the 
other hand, this irrigation method gives a high homogeneity of moisture distribution in the 
root zone but in the return a loss of large quantities of water due to surface runoff and 
deep percolation. The water storage efficiency is 69.67%. Also, the water distribution 
efficiency is 88.87%. 
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