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 اىَيخص اىعشثٚ :

٪ ٍِ ٍ٘اسد اىَٞبٓ اىزقيٞذٝخ فٜ ٍصش , 96رقزصش ٍ٘اسد اىَٞبٓ اىزقيٞذٝخ فٜ ٍصش عيٚ ّٖش اىْٞو , اىزٛ َٝضو ؽ٘اىٜ 

ٗاىزٜ رشَو أًٝعب اىَٞبٓ اىغ٘فٞخ فٜ اىذىزب ٗاىصؾبسٛ اىغشثٞخ ٗعْٞبء ٗادٍطبس ٗاىفٞعبّبد اىَفبعئخ. اىجطبّخ ٕٜ 

عيٚ عطؼ اىقْ٘اد اىطْٞٞخ. مبُ اىٖذف ادعبعٜ ٍِ رجطِٞ اىقْبح ٕ٘ ٍْع اىزغشة ٍِ  رطجٞق ٍبدح دائَخ هٞش ٍْفزح

قْ٘اد اىشٛ اىطْٞٞخ ٗرؾغِٞ اىنفبءح اىٖٞذسٗىٞنٞخ ىعَيٞخ اىشٛ. َٝنِ اعزخذاً اىجطبّخ فٜ ٍغَ٘عخ ٍزْ٘عخ ٍِ 

إٌٔ اىَششٗعبد فٜ ٍصش.  اىَ٘اقف اعزَبًدا عيٚ اىٖذف اىشئٞغٜ ىيَششٗم. ٝعذ اىَششٗم اىقٍٜ٘ ىجطبّخ اىزشم ٍِ

  مٌ ٍِ اىقْ٘اد. رقع قْبح اىقصغِٞ اىغذٝذح عيٚ غ٘ه 6185اىٖذف اىشئٞغٜ ىَششٗم اىزجطِٞ فٜ ٍصش ٕ٘ خػ 

مٌ عيٚ اىغبّت ادَِٝ ىقْبح اىغعذٝخ ثَؾبفظخ اىششقٞخ.رٌ اعزخذاً دساعخ ؽبىخ ىزقٌٞٞ ٍششٗم رجطِٞ اىقْبح.  43.800

                                . َع اىجٞبّبد ٍِ ٗصاسح اىَ٘اسد اىَبئٞخ ٗاىشٛ فٜ ٍصش اعزَذد ّزبئظ ٕزٓ اىذساعخ عيٚ ع

  

Abstract 
Egypt's conventional water resources are restricted to the Nile River, which accounts for 

around 96% of Egypt's conventional water resources, which also include groundwater in 

the Delta, Western deserts, and Sinai, rainfall, and flash floods. Lining is the application of 

a permanent impermeable substance on the surface of clay canals. The primary goal of 

canal lining was to prevent seepage from clay irrigation canals and to improve the 

hydraulic efficiency of the irrigation operation. Lining may be utilised in a variety of 

situations depending on the project's principal objective. The national project for canal 

lining is one of the most important projects in Egypt. The main target of the lining project 

in Egypt is to line 6185 km of canals. Al Qasasin new canal is located at 43,800 km on the 

right side for Al Saadia canal, Sharakia governorate was used a case study to assess the 

canal lining project. Results of this study depended on data collection from the Ministry of 

Water Resources and Irrigation in Egypt. 

Keywords: Canal lining, seepage losses, MWRI, water resources, Sharakia governorate.  

1. Introduction 
 ter is a vital component of the earth‘s ecosystems, redistributing it through 

natural cycles and contributing to climate control and the hydrologic cycle. Water is 

fundamental for feeding, food production, and economic production, FAO (1995). Water 

equality necessitates that everyone shares access to and entitlements to water, as well as 

profits from water use. Economic growth may be accomplished without addressing 

underlying disparities in access to water, services, and resources, but revolutionary 

economic development that benefits the poor and shares wealth can never be realised. 

Water shortage affects around 2.30 billion people worldwide. Water shortage is a barrier to 

development because per capita water use has fallen below the water poverty threshold. 
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Overpopulation is another big impediment to growth objectives. The population of Egypt 

in 2022 is about 110 million people and is predicted to grow by 2050, the limited amount 

of water resources pushes toward the preservation of these resources and reducing losses 

by all available means. Egypt is an arid country with an area of about 1001450 km
2
, of 

which only 4% is occupied by its population. The population has tripled during the last 50 

years, increasing from 19 million in 1947 to about 83.5 million in 2012 and 94 million (8 

million outside and 86 million inside) in 2014, 99% of which is concentrated in the Nile 

Valley and Delta. The population is estimated to be about 100 million by the year 2025, 

Allam and Allam (2007). One of the key goals of the long-term strategy is to disperse the 

people across a greater region. To fulfil this goal, fresh lands must be reclaimed in order to 

provide food for the new communities. Egypt's per capita availability of fresh water has 

fallen from 1893 m3 per person in 1959 to 900-950 m3 in 2000, then to 670 m3 in 2017 

and anticipated to be 536 m3 by 2025, according to Abd-El-Hai (2002). The major reasons 

for this fast decline are limited water supplies and increased population pressure. However, 

there are even more crucial aspects in Egypt's rising water concerns, as seen in Fig (1). 

There are many factors affecting the water stress in Egypt. The most important one is the 

social forces, depicts the social forces, dividing them into four levels-impacts of poverty, 

inequity, cropping patterns, and consumer behavior—that contribute to emerging water 

shortages. The Nile River, which starts beyond the country's borders and serves 11 nations, 

including Egypt, Sudan, and Ethiopia, contributes more than 96% of Egypt's freshwater 

resources. A 1959 international agreement between Sudan and Egypt reduced Egypt's 

access to Nile freshwater. The agreement granted Egypt 55.5 billion cubic metres (BCM) 

of Nile water per year, with Sudan receiving 18.5 BCM (1991). Egypt's current water 

consumption is projected to be at 89 BCM per year, of which the Nile River provides 55.5 

BCM, making it the country's practically only supply of fresh water. The remaining water 

requirements are fulfilled by renewable groundwater (7.5 BCM/year) and drainage water 

reuse (8.5 BCM). Treated city and industrial wastewater return to the closed water system 

at 2.5 and 6.7 BCM, respectively; desert aquifers at 3.77 BCM; rainfall and lush harvesting 

at 1.5 BCM; and the remainder may be preserved by water management, according to 

Abdin and Gaafar (2009). 

 

Fig. (1) Water scarcity in Egypt, Abd-El-Hai (2002). 
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There are several types of losses through the canal networks. These losses are played 

against development, especially in arid regions. The main types of losses include seepage, 

evaporation, transpiration, and operational losses. Although seepage is the greatest source 

of water loss, and can be minimized by canal lining, it is not usually executed because 

canal lining has a high construction cost.  

Seepage loss is described as the gradual passage of water through the soil's pore structure 

through the wetted perimeter of a canal. Seepage loss ranged from 0.3 to 0.7 m3/s per 106 

m2 of wetted perimeter, according to Swamee and Chahar (2015). The construction of an 

optimal liner might reduce seepage loss from canals. Hydraulic conductivity of the soil, 

canal geometry, head difference between canal water level and groundwater level, and 

aquifer border conditions all influence seepage loss. To calculate the seepage loss, many 

empirical formulae were modified. The Molesworth-Yennidumia Principle was one of the 

most important formulae utilised in Egypt (Swamee and Chahar 2015; ECP-2002 code for 

water resources and irrigation works). 

S = C ×L×P ×√R                                                

(1) 

Where: S is the conveyance losses (seepage and evaporation losses) (m
3
/s), L is the length 

of the canal (km), P is the wetted perimeter (m), R is the hydraulic mean depth (m), C is 

the coefficients for soil type (stiff clay = 0.0015; very sandy = 0.0030). Egyptian code for 

water resources and irrigation works (2002) recommends the following equation for 

calculating seepage loss. Kraatz (1977): 

S = 0.65C √(Q/V)                                              

 (2) 

Where: S is the seepage loss m
3
/s per longitudinal km length of the canal length, Q is the 

canal discharge m
3
/s, V is the mean flow velocity through the canal m/s, C is the factor 

depending on soil type.  

Evaporation is the process by which water changes from a liquid to a gaseous form by 

transferring heat energy. The following factors influence evaporation losses: Atmosphere 

temperature, Wind velocity over the water surface, Specific humidity in adjacent air. 

Transpiration is described as the process by which water received by a plant's root system 

is expelled into the atmosphere as a vapour from the plant's leaves and other surfaces. The 

growing vegetation in the canal produces increased resistance to the flow, lowering 

velocity, and increasing delayed time. The water loss caused by the canal system's 

operation is referred to as operational losses. Operational losses include the following: 

Overflow or breakage of canal banks, Loss at the end of the main canal or lateral systems, 

Leakage through gates and other control structures. Canal rehabilitation and lining could 

decrease the most water losses, but it requires higher budget and quality, Swamee and 

Chahar (2015). 
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2. Lining in open channel 

Lining is described as covering the surface of earthen canals with a fixed impermeable 

material or any other material that can withstand erosion better than the material used to 

create the canal. The primary goal of canal lining was to prevent seepage from earthen 

irrigation canals and to improve the irrigation operation's hydraulic efficiency. Lining may 

be utilised in a variety of situations depending on the primary goal of the project, and the 

reasons of lining can be stated as follows:  Seepage Control, Prevent Waterlogging of 

Agriculture Lands, Limiting Canal Losses, Expansion the Agriculture Land, Increase the 

Capacity of the Canal, Stabilization of Side Slope, Flood Protection, Limiting the 

Maintenance Costs, Maintain Water Quality, Increased hydraulic efficiency, Water is one 

of the most valuable natural resources, and conservation of water, supplies is becoming 

increasingly important as the demand continues to increase and new sources of supply 

became harder to find. Unlined canals necessitate significantly higher operation and 

maintenance costs for periodical elimination of silt, minor repairs, removal of water plants 

and weeds. The provision of lining decreases these costs significantly. Seepage from 

irrigated canals increase in ground water level if the canals remain unlined. This condition 

brings alkali salt to the surface rendering land unfit for cultivation. Kraatz (1977) 

mentioned that open channel that carry flow from (30 – 150 L/s) can lose about (10 – 15) 

% of its flow by seepage, and consumption of weeds.  

Lining a canal will not totally eliminate these losses, but nearly 60 to 80% of the water 

wasted in unlined irrigation canals can be conserved by a hard-surface lining. (Abu Gulul, 

1975) mentioned that seepage losses from earthen irrigation channels vary from (30-50) 

percent of the discharge available at the head of an irrigation system. Most nations employ 

concrete and geomembrane as principal canal lining materials, and China is no exception 

(Soomro et al., 2018). Lining saves water by reducing seepage, facilitating operation, 

increasing conveyance efficiency, and reducing weed growth. Together, this should 

increase the quantity of water available for irrigation, which in turn should result in a fairer 

distribution of water. 

2.2 Lining Types 

There are two types of open channel linings: flexible and stiff. Vegetative linings such as 

grass, rubble riprap, and geotextile or interlocking concrete grids are examples of flexible 

linings. Concrete, asphalt, and soil-cement linings are examples of rigid linings. The main 

distinction between rigid and flexible channel linings is how they react to variations in 

channel form (i.e., the width, depth and alignment). Concrete lining is widely used. 

Despite its high cost, it is long-lasting, impermeable, and hydraulically efficient, as seen in 

Fig. 2. This sort of lining is made of stone and mortar. However, the coefficient of 

roughness may be higher. 
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Fig. 2: Cast in place Concrete lining. 

3. Canal System in Egypt 

The Egyptian irrigation system is based on the Nile River, which feeds massive canals that 

divert just upstream of the Nile River's main barrages. Depending on the bed slopes of 

these canals and the position of the lower order canals, the flow has been regulated along 

the major canals by regulators or was divided into reaches. The canal system is quite 

intricate, particularly in the Delta. The flow from the main canal is sent to the branch 

canals, while the flow from the branch canals is delivered to the distributary canals, which 

supply water to Mesqas. The water level in much of the canal system is lower than the 

level in the fields, so farmers must pump water to their crops, according to MWRI (2020). 

3.1 Lining of canals project in Egypt 
The "lining of canals" project in Egypt is one of the most significant national projects now 

being undertaken, and it is one of the foundations of the state's ambitious strategy to 

optimise water consumption and meet the demands of all sectors in general, and the 

agricultural sector in particular. The canal lining project is now seeking to increase 

irrigation in an area of one million acres. Egypt has restored 6185 kilometers of canals. 

This project was scheduled to be completed between 2020/2021 and 2021/2022. The 

MWRI projected the project's principal budget to be at 18 billion Egyptian pounds (2020). 

The selection of the design technique to rehabilitate the canal cross-sections is dependent 

on many different parameters. These parameters include the type of soil, the canal 

discharge, the cross-section shape, the availability of constructed materials, and the cost.  

The widest spread of canal rehabilitation techniques is the rehabilitation using a layer of 

dry pitching under a layer of plain concrete. This technique is divided into three stages: 

earthen works, pitching layer, and plain concrete layer. 

3.2 Problems face the implementation of lining in Egypt  

 There are building encroachments on both sides of the canal 

 The level of the upper foot is lower than the current bank level, which puts 

pedestrians at risk, especially children and vehicles 

 Lining needs to develop maintenance equipment to suit its nature without causing 

damage to it 
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 The intersection of some channels with the railway, and this requires working with 

extreme caution due to the vibrations caused by the train and this requires taking 

into account these forces that affect the lining 

After lining the canals, it is important to understand how to overcome the problems of 

lining by: Monitoring the pour joints and the locations of connecting water structures to 

the canal and finding out if there is water leakage from them or not, ensuring the integrity 

of the lining along the canal in the period of minimum needs, and providing the 

appropriate equipment for the maintenance of each type of lining separately 

The Al Qasasin new canal is located at 43,800 km on the right side for Al Saadia canal. 

The length of watercourse is 7,035 km, while it services 3385 feddans. The length of the 

confinement to be rehabilitated is approximately 7,200 kilometers from the start to end. 

The location of the start of the canal with coordinates 31°58'708"N - 30°46'394"E. The 

design discharge of the Al Qasasin canal is 319680 m
3
/s, and there is a secondary canal on 

Al Qasasin new canal, as shown in Fig. 3. 

The selected canals suffer from many problems that affect their hydraulic efficiency, water 

distribution, which require evaluation. Among these problems are the presence of weeds 

on the it‘s sides, the accumulation of solid waste in canals, the presence of some lining 

sections that need maintenance and expansion in cross section, as shown in Fig. 4. The aim 

of the study was to improve the irrigation status and the water reaching the ends of the 

canal, and to evaluate the canal and its branch before rehabilitation, to determine their 

hydraulic efficiency and the problems of the canals and to detect the most appropriate 

ways to qualify them and raise their efficiency and compare them with the evaluation of 

the same canals after rehabilitation, to achieve economic feasibility and sustainable goals 

for saving water. 

 

 

Fig.3 sketch of location of Al Qasasin new canal 
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Fig.3 Expected rehabilitation work for Al Qasasin new canal 

In this stage, field data and measurements will be analyzed, and this stage will include the 

following points before and after qualification:   

• Plotting the various cross-sections of the waterway. 

• Determine the discharges and calculate the speed in different cases. 

• Design of qualified sections to raise the efficiency of the waterway hydraulically. 

• The development of 1D numerical model representative of the canals before and after 

rehabilitation. 

• Apply a number of different operating scenarios to the model. 

• Evaluation of canals before and after rehabilitation, including infringements and 

violations on the canal before and after rehabilitation, a questionnaire of the 

beneficiaries before and after rehabilitation, access water to ends at the same 

discharge of the start before and after rehabilitation, water levels, and water velocity 

in the canal.  

• Calculating the losses at the different sectors on each canal. 

• Evaluation of the canal structural after rehabilitation. 

 

  

3.3 Expected outcomes  

 
• Evaluating the current situation of the canal under study and determining the 

dimensions of the problem. 

• Provide a qualified cross-section with different sectors on each canal.  

• Evaluating the canal under study after rehabilitating it. 

• Conclusion of different relationships to approach a developed equation to evaluate the 

hydraulic efficiency of each canal 

• Increasing the efficiency of hydraulic canals and the velocity of transferring water, 

reducing water seepage from the canal, and the equitable distribution of water. 

• Decreasing maintenance costs 

• Increasing agricultural productivity 

• Improving the economic condition of farmers 

There are many outcome aspects from lining project. These include economic, and 

environmental aspects. Most of the returns may interact with others. In many projects, one 

cannot easily separate between different returns. Satisfied judgement on any project 

depends on the comparison between inputs and outputs. 
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4. Conclusions 

The primary goal of canal lining was to prevent seepage from earthen irrigation canals and 

to improve the irrigation operation's hydraulic efficiency. Lining may be employed in a 

variety of situations depending on the primary goal of the project. Unlined canals 

necessitate significantly higher operating and maintenance costs for periodic silt removal, 

minor repairs, and weed and water plant clearance. Several considerations, such as the 

position of the water table, climatic circumstances, availability of materials, speed of 

construction, time schedule, and performance of lining in existing canals in neighbouring 

regions, should be considered when choosing the kind of canal lining. Al Qasasin new 

canal is located at 43,800 km on the right side for Al Saadia canal, sharakia governate was 

used a case study to assess the canal lining project. Results of this study depended on data 

collection from the Ministry of Water Resources and Irrigation in Egypt. This study aims 

to assess the national canal lining project in Egypt. The study depended on collecting the 

data from the Egyptian Ministry of Water Resources and Irrigation.  
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