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Abstract  Water is vital to our survival and plays a 

significant role in our lives. Egypt has an annual water 

deficit up to 54 billion m3, which is inadequate to meet its 

needs. Therefore, natural rainwater that reaches (51 billion 

m3 of rainwater annually) as a natural resource has garnered 

the attention of numerous researchers. Approximately         

2.7% of the water is utilized, while the remaining 97% is 

lost. The research aims at Evaluating the Effectiveness of 

this sustainable Low-cost rainwater harvesting system (The 

Aflaj system) in Egypt and how it accomplishes its goal of 

collecting an enormous amount of rainwater. This research 

handles the topic in terms of three themes. The first theme 

handles the types of rainwater harvesting systems, whereas 

the second theme deals with rainwater in Egypt in terms of 

its importance, the challenges facing water resources, and 

how to achieve sustainability in the usage of rainwater in 

Egypt and the third theme deals with analyzing the 

proposed system in Oman and its role in the life of this city 

which suffers the lack of water resources. The research has 

proved that the Aflaj system can be a successful low-cost 

sustainable system that can be used to harvest rainwater and 

reuse this water by developing a combined strategy to 

harvest the most rainwater possible. 

Keywords  Sustainable, Rainwater, Harvesting, Aflaj 

Systems, Strategy, Questionnaire 

 

1. Introduction 

According to studies, Egypt’s water resources are under 

significant stress as a result of several factors, including 

climate change and atmospheric warming, which increase 

the rate of evaporation loss. The construction of dams in 

industrialized nations, particularly the Ethiopian 

Renaissance dam, will significantly negatively affect 

Egypt’s share of Nile water, which accounts for 93% of all 

Egyptian water resources [1]. This results in disadvantages 

and risks, the most significant of which is a sharp decline 

in agricultural and food production [2]. In addition to the 

increase in poverty, there has been a decline in living 

standards and public and environmental health. 
The current research aims to propose a sustainable 

strategy to maximize its benefit by harvesting rainwater, 

headwater, and bar and to reduce the water deficit by 

identifying viable solutions to maximize the use of rainfall 

that falls on vast areas of Egyptian land and cities. It results 

in damage to buildings, roads, and fields, in addition to 

economic harm from traffic jams and workers' inability to 

reach their workplaces. The research aims to identify 

sustainable solutions capable of achieving multiple 

objectives. First, it can maximize its benefit from rainfall 

on high slopes. The second is the flow of rainwater to 

specific streams that end at assembly points, from which 

water can be drawn by dragging pumps and pumped into 

pipes for lifting them into reservoirs so that they can be 
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used for domestic, agricultural, and industrial purposes 
after treatment. It is called Aflaj, which is a plural of the 

word falaj, and the Aflaj system is a water network 

consisting of long channels that transport water from its 

source to specific areas “without the use of machines” 

depending on the earth’s gravity, where it is installed on 

slopes. 

The canals may be buried or exposed and carved into the 

ground to collect rainwater, natural springs, groundwater, 

or surface water. 

The study focused on past experiences and the reasons 

for their success or failure. It also attempted to determine 

the best traditional system by eliciting the feedback of 

approximately 200 specialists and users. Experience has 

been studied, analyzed, and measured, recognizing their 

success, limitations, and application problems, and has 

promised a proposed development plan and 

implementation mechanisms to achieve a sustainable 

strategy to achieve the research objective, resulting in the 

most important findings and recommendations to be 

considered in the implementation of other projects. 

2. Materials and Methods 

The research methodology (with its three main 

components) is depicted in Figure 1. The theoretical 

section briefly describes the significance of rainwater in 

Egypt and its three collecting systems: the Common 

System, the Separate System, and the Aflaj System. The 

research then examined the most significant challenges 

facing Egypt’s water resources and described the negative 

effects of the increase in air temperature due to climate 

change, which has negatively impacted the amount of 

seasonal rainfall that has fallen on northern Egypt over the 

past three decades. The study examined the analysis of 

Ghaili as one of the Sultanate of Oman’s major Aflaj as a 

successful and sustainable experience. The research then 

focuses on an applied study of rainwater collection 

methods based on two stages: 

FIRST AXIS: It consisted of a survey of specialists and 

users to determine the most effective rainwater harvesting 

technique for high mountain regions. The advantages and 

disadvantages of Egypt’s three most common rainwater 

drainage systems are outlined and compared. Based on the 

questionnaire results, it was determined that the Aflaj 

system is the most appropriate traditional system for 

Egypt’s economic conditions and the amount of seasonal 

rainfall water throughout Egypt. 

SECOND AXIS: The selection of a suitable site for the 

research’s practical application. The site of the Mokattem 

Cornish is an ideal model for a high-lying mountain area 

with a slope that allows the assembly of the monsoon 

rainwater to be poured into a road parallel to the road that 

is descending, swollen with the terrain of the area resulting 

in large areas as two that are suitable for the assembly of 

the water in the ground tanks prior to its transport to the 

appropriate areas. 

The Aflaj system (implemented in the study area) was 

described in detail in terms of its engineering design, field 

design, and rainwater harvesting points utilizing detailed 

maps, geometric drawings, and an in-depth study of the 

area. It also addressed the issues and challenges 

encountered by rainwater collection networks. The 

research provided a summary of the strategic solutions that 

could be implemented to maximize the benefits of 

rainwater and to develop the flushing system in the study 

area, along with the necessary findings and suggestions. 
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Figure 1.  Research Methodology Framework for Rainwater Harvesting Process, Source: Authors 

3. The Theoretical Part: Definitions of 
Sustainability and Rainwater 
Harvesting Process 

 

Figure 2.  The steps of the theoretical study of water rain harvesting, 

Source: Authors 

 First Axis: Traditional Rainwater Harvesting Methods 

in Egypt 

3.1. A System of (Harvesting Rainwater by the Aflaj 

System) for High Mountainous Areas 

A Falaj (plural Aflaj) is a water network of long canals 

that transfers water from a source to numerous regions in 

need. It is one of the traditional low-cost methods for 

collecting rainwater falling on high mountains and 

transporting it through open, uncovered channels with 

specific “Aflaj” tracks designed to collect rain from lateral 

tendencies to descend under the influence of geogravity [3]. 

It travels long distances to water collection and storage 

points, where it is processed for a variety of uses, most 

notably for direct use in seasonal agriculture and modern 

drip irrigation systems [4]. In addition, it can also be treated 

at water treatment plants, used for domestic purposes, 

directed to groundwater storage tanks, and poured into 

freshwater channels (such as irrigation and rivers) [5]. 

Figure 3 demonstrates a picture of the shape and path of 

the Aflaj in high mountain regions with the geologic 

composition that helps to preserve water from leakage and 

preserve it in natural reservoirs in the underground cavities 

of what is known as groundwater, which can be extracted 

in sufficient quantities for drinking or irrigating 

agricultural land [6]. 
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Figure 3.  The forms of AFLAJ in the high mountain areas, Source: [7] 

3.1.1. The Background of the Aflaj System 

Due to the lack of evidence establishing its origins, 

historians do not know precisely the Aflaj System’s exact 

emergence date. Nevertheless, as depicted in Figure 4, it 

has been an integral part of Omani society since ancient 

times. The majority of Oman’s villages and cities were 

founded by the Aflaj and their flow across its lands [8]. It 

also played a significant role in the migration of Arabs from 

desert regions to Oman [9]. 

 

Figure 4.  The Aflaj Irrigation System of Oman Aflaj Water usage, 

Source: [10] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In regions where water is scarce, Aflaj water is used as a 

primary resource for: 

- Irrigation and agriculture, as shown in Figure 5. 

- Everyday needs, including cooking, washing, and 

drinking. 

- The Aflaj water may originate from deep geological 

layers [11]. 

 

Figure 5.  The role of Aflaj water in the stability of life in the arid desert, 

Source: [12] 

3.1.2. Aflaj System Types 

Regarding the water source of the Aflaj, there are three 

types of Aflaj: Dawoodi, Al Ghaili, and Al Aini [13]. 

Dawoodi Aflaj originates from deep groundwater through 

a network of columns. Al Ghaili Aflaj is the source of the 

surface water that has been converted into the Falaj Canal 

through a dam or wall as a water barrier, whereas Al Aini 

Aflaj is a natural spring from which water flows naturally 

into the Aflaj Canal. 

The three types of Aflaj vary, as illustrated in Table 1. 
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Table 1.  Comparison between the three types of Aflaj 

Types Al-Dawoodi Aflaj Al-Ghaili Aflaj Al-Aini Aflaj 

W
at

er
 

so
u

rc
e The water originates from deep groundwater using a network of 

shafts. 

Its source is surface water that is diverted towards the Falaj Canal 

by a dam or a wall. 

It originates from a natural spring that flows between 

fractured rocks, known as headwater. 
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Figure 6.  A cross-section from Dawoodi Aflaj Figure 7.  A cross-section from Al Ghaili Aflaj Figure 8.  A cross-section from Al Aini Aflaj 
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Figure 9.  Al Daris Aflaj Figure 10.  Al Farmer Aflaj Figure 11.  Al Ghaili Aflaj 

 



 Civil Engineering and Architecture 11(6): 3552-3570, 2023 3557 

 

3.1.3. Aflaj and Sustainability 

Sustainability has become one of the most critical factors 

that must be considered in every aspect of life in order to 

achieve its primary goal, which is to improve our present 

and future lives. 
Sustainability is defined as “meeting the current 

generation’s needs without compromising the ability of 

future generations to meet their needs.” Therefore, the use 

of the Aflaj harvesting system can aid in achieving 

sustainability, as depicted in Table 2 [15]. 

3.2. The Combined Rainwater Drainage System for 

High Mountain Areas 

In this system, the harvested rainwater is combined with 

sewage water in the drainage system via pipes buried at 

great depths, backfilled, and accessed via covered drains 

with dimensions of up to 5 m, as depicted in Figure 12. 

They are utilized for several purposes [16]. 

 

Figure 12.  The Combined rainwater drainage system, Source: [17] 

3.3. Separate Rain Drainage System for High 

Mountain Areas 

Rainwater is harvested and collected using a self-

contained system with underground pipes. As shown in 

Figure 13, its covers have “grille” openings that allow 

rainwater to be sucked into pipes with a diameter of 

approximately 200 mm. The water is transferred to 

purification stations, groundwater tanks, or irrigation water 

channels, as it is relatively free of the contaminants found 

in sewage [18], which is in contrast to the disadvantages 

between the combined rainwater drainage and separate 

drainage systems, Aflaj drainage system. 

 

Figure 13.  Separate rain drainage system for mountain areas, Source: 

[18] 

3.4. Disadvantages of Traditional Rainwater 

Harvesting Systems 

Despite the benefits and significance of rainwater 

harvesting systems, they have certain disadvantages due to 

the fact that harvesting systems may not be optimal for all 

locations due to the nature of those locations. The 

deficiencies of three traditional rainwater harvesting 

systems in Egypt are listed in Table 3. 

Table 2.  The Aflaj system and sustainability axis 

Aflaj system and its relation to sustainability 
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The initial investment in the Aflaj project includes the cost of construction plus the cost of managing and maintaining 

the Aflaj channels. Nevertheless, there are no operational costs, making this system a money- and cost-saving system 

that can be implemented in developing countries. 
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The Aflaj system is environmentally beneficial because it uses substances from the environment that do not pollute or 

negatively impact the environment. The second issue is that the Aflaj system utilizes a natural resource, rainwater, to 

improve people’s lives. 
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The Aflaj system promotes the local urban environmental pattern by integrating with the built environment, thereby 

ensuring the city’s urban identity. 
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One of the fundamental goals of sustainable development is equality, and the Aflaj system helps to achieve this goal by 

serving society without discrimination 
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Table 3.  Disadvantages of traditional rainwater harvesting systems in Egypt 

- The primary drawbacks of this system include an open drainage system that requires periodic maintenance and sewage 

purification. It is unsuitable for flat lands, valleys, and plains because it relies on the flow of water caused by the earth’s 

gravity and the incline of the highlands. 

- Large capacity tanks are required, so they are drained into underground water tanks, and machines may need to extract 

them from wells. 

- If Aflaj are discovered in areas with uncultivable soil, the water is transported over lengthy distances for use. 

A
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1. By combining it with sewage water, rainwater has lost its most significant characteristics, namely its purity and absence 

of contamination. 

2. The sewage pipes are incapable of absorbing heavy rainwater quantities. Consequently, the drainage rate becomes 

significantly lower than the filling rate. The result is the overflow and high level of sewage water in the streets, which 

disrupts traffic and the movement of people and causes a number of catastrophes. 

3. Adding economic burdens by increasing the price of purifying rainwater through a number of costly operations [19].  
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- Since 1908, this system has been in effect in Cairo and Alexandria due to the lack of maintenance and purification of 

rainwater gutters. As the asphalt on the roads deteriorated over time, the state began to repave them. At a time when the 

state did not recognize them as a water resource, rainwater drainage gutters were obliterated, backfilled, and covered with 

asphalt due to neglect and a lack of awareness. As a result, they ceased to exist despite having been an effective means of 

draining or disposing of rainwater. 

- Establishing a new water drainage network entails exorbitant costs for laying pipes at great depths below the earth’s 

surface, as well as excavating roads and disrupting traffic. 

- The entire rainwater drainage system is buried at a significant depth below the earth’s surface, making its maintenance 

and cleaning a laborious, stressful, and costly endeavor. 
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 Second Axis: The Importance of Rainwater in 

Egypt: 

3.5. The Importance of Rainwater in Egypt 

Egypt suffers from a lack of water. Its annual water 

revenues (Nile River, rains, deep groundwater, and 

seawater desalination) are 60 billion cubic meters, while its 

annual water consumption is approximately 80.25 billion 

cubic meters. According to the Ministry of Water 

Resources and Irrigation, indicating an annual water deficit 

of approximately 20 billion cubic meters. This deficit is 

made up of groundwater, and treated agricultural, sanitary, 

and industrial drainage water is reused [20]. Egypt requires 

approximately 114 billion m3 of water annually. This 

results in an annual deficit of 54 billion cubic meters, and 

it is anticipated that Egypt’s share of Nile water will 

decrease despite the expansion of land reclamation. This 

will exacerbate the water shortage and inhibit agricultural 

development. We have no other source of fresh water 

besides rainwater, the importance of which we disregard, 

and there is no planning to take advantage of its enormous 

quantities, which the FAO estimates at approximately 51 

billion cubic meters per year. Due to the proximity of 

Egypt’s Nile water share and the presence of torrential 

waters, we lose the majority of annual rainfall [21]. 

3.6. Water Resource Difficulties in Egypt  

3.6.1. The Relationship between the Temperature and Rate 

of Evaporation 

The country faces significant issues in providing enough 

water for "agriculture, drinking, industry, and services." 

While the state strives to reduce the water deficit, we find 

that there are other challenges include the construction of 

the Grand Ethiopian Renaissance Dam, which will 

undoubtedly affect Egypt's share of Nile water [22]. There 

is also another natural challenge resulting from climate 

change, which will cause an increase in air temperature, 

causing an increase in the rate of evaporation and an 

increase in water loss of water bodies. Figure 14 depicts the 

relationship between temperature and rate of evaporation, 

the values of temperature (a) and (b) values at phase 

separation for the case Re=5.0 and Reg=50. The solid lines 

are from the calculated temperature fields and the 

evaporation intensity distribution, which occurs to water 

bodies and what it represents from the loss of large amounts 

of water, The shape of the curve indicates that the rate of 

water evaporation is a function of water temperature, as the 

rate of evaporation increases with increasing water 

temperature, portending an increase in the annual loss 

resulting from water evaporation in the Nile River and 

lakes, which affects the amount of Egypt's water resources 

and increases the annual water deficit. 
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Figure 14.  The relationship between the temperature and rate of evaporation, Source: [22] 

 

Figure 15.  Seasonal rainfalls (%) in northern Egypt for the period (1947–2006), Source: [23] 
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3.6.2. The Decline in Seasonal Precipitation in Northern 

Egypt over the Past Two Decades 

The quantity of seasonal precipitation changes during 

the last six decades. Every decade, the amount of winter 

precipitation in Matrouh, Damietta, and other cities 

increases. To reach 70% in Salloum, 72% in Matrouh, 70% 

in Damietta, and 65% in Damanhour, with an all-time high 

of 80% in Alexandria between 1986 and 1977. Then it 

declined over the next two decades, reaching 78% between 

1997 and 2006. This suggests that the annual amount of 

precipitation has increased substantially over time. As 

depicted in Figure 15, it may be the optimal solution for 

Egypt’s water resource problems, bridging the gap between 

the annual water demand and the quantity of available 

water resources. 

3.6.3. The Problems of Rainwater Drainage Systems in 

Developing Countries 

The rains cause many problems and burdens for nations 

that “have not applied sustainability standards when 

designing infrastructure.” Especially in highway traffic 

problems, and even up to pedestrians walking and their 

movement in the streets, where they are covered by water 

and dust, this is because: 
1- The lack of a network for collecting, draining, and 

utilizing rainwater. If it exists in some cities, its 

maintenance is so neglected that the grills are buried 

and even paved over with asphalt, obliterating them 

completely [24], as depicted in Figure 16. 

 

Figure 16.  Maintenance problems of rainwater drainage networks, 

source: [25] 

2- Manholes are prepared and connected to a sewage 

network in order to dispose of rainwater that collects 

in front of the rises of bridges and houses, as well as 

in low-lying areas below bridges, in order to rectify 

issues and find solutions to problems, particularly in 

relation to highways. Although this solution adds to 

the strain on the overburdened sewage network, it is 

the only viable option. 

3- The roofs of the houses are equipped to dispose of 

rainwater through vertical drainage pipes installed on 

the facades of the houses. The rainwater is typically 

drained into the sewage network, and sometimes the 

pavements are poured into the road river. 

4- The collected rainwater that impedes traffic on roads 

or in front of residences and businesses is disposed of 

using suction vehicles by dumping it into the sewage 

network [26], as shown in Figure 17. 

 

Figure 17.  The damage resulting from the absence of rainwater drainage 

networks, Source: [28] 

3.7. Achieving Sustainability through Rainwater 

Harvesting 

Rain is considered a sustainable natural resource for 

water in rainy areas, as it is a renewable resource that does 

not deplete due to the cycle of (evaporation, clouds, and 

rain). Consequently, the sustainability of irrigation water 

availability in these rainy regions can be achieved at the 

lowest cost by utilizing modern scientific and technological 

means to create artificial rain. It is equipped with pumps to 

increase the possibility of storage by vertical expansion of 

the tanks, as depicted in Figure 18, which permits the 

distribution of that water over wide and high areas and at 

long distances for agricultural irrigation using the drip 

irrigation method to achieve the lowest water consumption 

with the greatest benefit without wasting water through 

evaporation or seepage [27]. 
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Figure 18.  Sustainable rainwater drainage networks to harvest rainwater from streets and buildings, Source: [28] 

4. The Analytical Part 

 

Figure 19.  The steps of the analytical study of the global experience of 

the water rain collection method 

4.1. Falaj of Al Ghaili in Sultanate of Oman 

Falaj Al Ghaili is regarded as one of the most significant 

Aflaj in Oman and is one of the five Aflaj added to the 

UNESCO World Heritage List. It is one of the Al-Ainyya 

Aflaj, located in a rugged mountainous region, 161 m in 

length, and the primary water source for the village of “Al 

Ghaili” [29], as depicted in Figure 20. 

4.2. Challenges Facing the Falaj of Al Ghaili 

There are 4,112 Aflaj in Oman, through which 680 

million cubic meters of water flow annually. This suggests 

the significance of the Aflaj. However, there are numerous 

threats to the Aflaj, including the Falaj of Jilah [9], such as: 

- The Aflaj are adjacent to the mountains, and the cliffs 

of the valley are more prone to collapse, and the 

channels are at risk of clogging and silt accumulation 

during periods of heavy rainfall. 

- Lime buildup in the channels 

- The growth of deep-rooted trees near the Aflaj. 

- The Falaj is an open channel that extends from the 

wellhead to the water catchment basin. It originates 

from a high solid rocky mountainous area and is 

considered one of the most important Aflaj in Oman 

due to its distinctive engineering and creative design, 

as shown in Figure 21. 

 

Figure 20.  A satellite image of Al- Ghaili Village, Source: Google Earth. 

 

Figure 21.  The channels of Falaj Al- Ghaili, Source: [30] 

4.3. Maintenance of Aflaj Harvesting System 

The main challenge to ensure the continued success of 

the Aflaj system is maintenance, which encompasses all its 

aspects [22], as shown in Table 4. 
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Table 4.  Maintenance of the Aflaj Harvesting System 
 Maintenance Actions  

T
u
n

n
el

s 

- Using cement and stones to reinforce weak points in 

tunnels. 

- Increasing the volume of current channels. 

- Clear walkways of sand and debris 

- Using precast concrete for ceiling support. 

C
h

an
n

el
s - Opening channels and repairing existing ones 

- Developing new channels to replace the old ones. 

- Protecting the canal walls from erosion by erecting 

stone or cement mortar retaining walls. 

P
o

le
s - Deconstruct and lower the ground of the old access 

poles. 

- Installing new columns 50 cm above the ground. 

5. The Applied Part (The 
Experimental Part) 

Rainwater is a crucial component of the national water 

resources, and it can be used to cultivate crops, which are 

one of the nation’s economic resources. It also helps 

resolve the import-related currency shortage. We must plan 

to receive this water, store it, and direct it to various uses, 

with drinking water and irrigation taking priority. In 

contrast, we can control and eliminate its waste, an 

economic and administrative burden for the state. Several 

rainwater harvesting methods will be examined in “high 

mountainous areas” via two axes, as depicted in Figure 22. 

 

Figure 22.  A diagram illustrating the steps of the analytical study of the global experience with the water rain collection method, Source: Authors 

 

Figure 23.  The results of the survey of the architects, geologists, and users’ opinions on the best choice of the three systems, Source: Authors 



 Civil Engineering and Architecture 11(6): 3552-3570, 2023 3563 

 

5.1. The First Step (The Questionnaire) 

The questionnaire was administered to investigate the 

opinions of experts and specialists to determine the optimal 

method for collecting and utilizing rainwater in 

mountainous regions. In the questionnaire, the three most 

popular traditional low-cost systems are presented as 

“suitable to climatic conditions and the amount of rainfall 

and compatible with Egypt’s economic potential.” Based 

on the results of the questionnaire, the most efficient and 

effective system is selected. 

A number of (171) specialists and users with experience 

in this field were surveyed, including (73) architects, (21) 

civil engineers, (18) geological engineers, and (59) users 

were surveyed, as depicted in Figure 23. 

Table 5 displays the survey results, which indicate that 

61 percent of respondents favor using the Aflaj system to 

collect rainwater in the mountainous, sloping regions of 

Egypt. Moreover, 33% of users prefer the separate 

exchange system, while 6% of users prefer the joint 

exchange system. These results conclusively demonstrate 

that the rainwater harvesting system in mountainous areas 

with a slope is superior to the other three traditional 

Egyptian systems. Although there are a number of flaws in 

the Aflaj system, its benefits outweigh its drawbacks. 

Therefore, it is recommended by experts and users as the 

optimal rainwater harvesting system. This is due to its low 

construction costs, simple sewage maintenance, ability to 

be sustainable, and ability to maintain the purity of 

rainwater. 

This is evident in Figures 24, 25, 26, and 27, which 

compare the three systems for draining and harvesting 

rainwater. 

Table 5.  The questionnaire survey results. 

P
ro
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E

x
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Responses 

The 

Aflaj 

System 

The 

Separate 

System 

The 

Combined 

System 

NO. NO. NO. 

Architect 73 51 22 0 

Civil 21 11 10 0 

Geologist 18 14 4 0 

Users 59 29 20 10 

Total 

 %  
171 

105 56 10 

61% 33% 6% 

1- According to Figure 24, the degree of maintenance 

ease for the combined system reaches one degree, 

whereas the degree of maintenance for the separate 

system reaches 2.5 degrees. As its temperature 

reaches 5 degrees, the Aflaj receives the best 

maintenance. As illustrated in Figure 25, the Aflaj 

system has the longest expected life span. 

 

Figure 24.  Comparison of the degree of ease of maintenance for 

traditional means of rainwater harvesting. Source: Authors 

 

Figure 25.  The curve shows a comparison between lifespan in the 
traditional system. Source: Authors 

2- According to Figure 26, the infrastructure of the 

separate rainwater harvesting system has the highest 

construction cost, reaching 1,400 units. The combined 

system costs 1000 units, whereas the rainwater 

harvesting system in Aflaj costs only 500 units, 

making it the least expensive of the three systems. 

 

Figure 26.  A comparison of the infrastructure construction costs for 

conventional rainwater harvesting systems, Source: Authors 
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3- Figure 27 demonstrates that the rate of rainwater 

discharge for the separate system is the lowest of the 

three systems, with a value of 0.5, where v is the 

velocity of water flow from the drainage pipe’s 

opening. In the combined system, the rate of rainwater 

and sewage discharge reaches 0.8 for the diameter of 

the drainage pipe. With regard to the Aflaj, there is a 

significant increase in the difference between the 

discharge rate of the Aflaj system and the other two 

systems, as the rate reaches 3, or 37.5%, compared to 

the common drainage. 

 

Figure 27.  Comparison between recycling in the traditional system, 

Source: Authors 

 The amount of water flowing during a specific time T 

can be calculated by using “(1),” 

Q = R * T                  (1) 

Where Q is the amount of water flowing, R is the rate of 

rainwater flow from the drain hole, T is the flow time 

R=A * V                  (2) 

A is the cross-sectional area of the drain pipe opening, 

and V is the velocity of the water flowing (exiting) from 

the drain hole. 

 Calculating the cross-sectional area of the drain “A” 

By using “(3, 4),” 

 

1- In the case of a circular sewage pipe section, A can be 

calculated as the pipe sectional area by using “(3),” 

A= Πr2                  (3) 

2- In the case of the falaj system, the section of the falaj 

is in the form of a rectangle whose width is the 

average of the width of the falaj and height is the 

depth of the falaj. The area of the section of the 

drainage hole by using “(4),” 

A= Wm* H                 (4) 

Wm The mean width of the Falaj opening, H is the height 

of the Falaj 

 An example of comparison between the cases of 

drainage with the common pipe system, rainwater 

drainage with the separate pipe system, and drainage 

with the Aflaj system 

- Assuming that the velocity of the water flow (V) is 

constant in the three cases, its value is V= 1 km/h. 

- The time for calculating the amount of water flowing 

is constant in the three cases, its value is (one hour). 

- The diameter of the pipe in the case of normal drainage = 1 

m. 
- The diameter of the pipe in the case of one drainage = 

0.5 m 

- The average width and depth of the falaj cavity are 2 

and 1.5 m, respectively. 

- Calculating the quantity of water that flows per hour 

1- Drainage utilizing a common pipe system 

D = 1m, r = 0.5 D = 0.5 m 

Q = R * T = A * V * T 

= πr2 * V * T 

3.14 * 0.52 = 0.785 V/h 

2- Separate drainage system 

D = 0.5 m, r = 0.5 D = 0.25 m 

Q = R * T = A * V * T 

= πr2 * V * T 

3.14 * 0.252 = 0.196 V/h 

3- Drainage utilizing the Aflaj System 
Wm = 2m, H= 1.5 m 

Q = R * T = A * V * T 

= WmH * V * T 

2* 1.5 = 3 V/h 

- Based on the comparison, the amount of water that 

can be drained through Aflaj is significantly higher 

than the amount of water that can be drained through 

other systems. 

5.2. Second Step: Site Description and the Reasons for 

Selecting the Mokattam Corniche for the Study 

The site is referred to as the Mokattam in reference to the 

Mokattam Mountain, which has been transformed into 

modern residential areas consisting of three plateaus (the 

upper plateau, the middle plateau, and the lower plateau), 

as shown in Figure 28. 

- The region occupies a prominent location in the center 

of Cairo and connects it to the New Administrative 

Capital, New Cairo, and Nasr City, as well as south 

Cairo to Zahraa Maadi and 15th of May City. 

- Due to its high altitude above sea level, the region has 

a mild and healthy climate, which has made it an 

attractive residential area for real estate 

investment,massive residential and commercial 

projects. 

- The newly constructed road networks contributed to 

linking the region to its surrounding areas via 

highways that can accommodate a large number of 
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vehicles, making them sustainable. In addition to 

reducing travel time, these roads also alleviate the 

stress caused by traffic congestion on the city’s older 

main and secondary roads. 

- As shown in Table 6, the Mokattam region is the first 

region in Egypt where the Aflaj system is applied to 

drain and direct rainwater to collection sites from 

which it can be transferred to other regions to be used 

as relatively clean water free of pollutants. 

- The length of the road on which the Aflaj system is 

designed on Corniche Al-Mokattam Street (the area of 

the study) is 7 km. 

 

Figure 28.  The previous includes photographs of the falaj system on the road leading to the Mokattam Corniche. It depicts the location of the study 

area, its topography, the 7-kilometer length of the Falaj path, and the rain collection sites on a map. “A, B” depicts images from the dataset of the 

drinking water plant site on the Central Plateau; “a” depicts the collection of rainwater at the road slope’s intersection. The data set includes the letter 

“e”, representing the parallel road-running shape of the Falaj. The letter “d” indicates the mountain’s color difference in some areas caused by 

groundwater leakage directly onto the Falaj. The letter “f” represents the water reservoir that supplies the area with potable water, and “g” represents 

the mountain slope with the Falaj road at its lowest point, Source: Authors 
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Table 6.  Hows the Elemental analysis with the Aflaj system, Source: Authors 

Elemental analysis with the Aflaj system 

 Aflaj were designed in the Mokattam Corniche, parallel to the road and on the side adjacent to the mountain, to rise and fall 

at the same value as the road along the road adjacent to the sloped area, with dimensions of (3m * 2.40 * 1.5m), as depicted 

in Figure 30. 

 Aflaj was applied with standard concrete and divided along the road into 4-meter-long pails separated by 8-millimeter-thick 

foam partitions. 

 Every 10 meters along the upper edge of the Aflaj, low openings have been created to allow rainwater drainage from the road 

surface to reach the depth of the Aflaj. 

 The average discharge rate through the Aflaj of Mokattam Corniche is 1,7500 m3/s, in some vital areas, the Falaj was applied 

entirely with regular concrete. Half was applied with regular concrete in other areas, and the other half was covered with 

rubble to reduce costs, as depicted in Figure 29. 

 

Figure 29.  Aflaj System; Two shapes of Aflaj (3D & sections) 

 

Figure 30.  The Aflaj system installed in the study area. Source: Authors 
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A cross-section of the rainwater collection point in the squares indicating the direction of Aflaj’s slope 1:2 that forces the rainwater 

to rush in the direction of the water collection point due to gravity, as depicted in Figure 31. 

 

Figure 31.  A cross-section of the rainwater collection point in the squares, Source: Authors 
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Table 6 continued 

The squares were designed to be at the intersection of the road’s downward slope and the beginning of its ascent. At these locations, 

precipitation collects and the water level rises. Therefore, a point was prepared to absorb the collected water and transfer it to other 

locations via suction cars. 

The circle of the water collection point has a diameter of 20 meters and a vertical height of 3 meters. As depicted in Figure 32, its 

upper edge features 1 m-wide openings spaced 5 m apart at equal distances. 

 

Figure 32.  The square (with a height of 3 m), and it has openings every 5 m for rainwater drainage, source: Authors 
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- The method of cladding the surface of the mountain varies from region to region. Some areas have been cladding with smooth 

cement slabs, but the mountain’s cladding has not yet reached its summit. In other areas, the cladding is placed directly on 

the mountain’s surface without cement mortar in order to reduce costs. 

- The mountain is concealed in a hollow filled with water and springs that reveal themselves via natural outlets or pipes that 

pour their water into the Aflaj. 

- There is a building for the drinking water company located just meters away from the rainwater collection point. In addition, 

there is no plan to connect the rainwater that falls on the road and is collected by the Aflaj to water tanks and a small 

purification station that will prepare the water for human, agricultural, and industrial use, as shown in Figure 33. 

- Another structure is opposite the second water collection point, 2.5 kilometers from the first water company. It is for the 

drinking water company, and nearby is a drinking water tank that provides water to the residential area. 

 

Figure 33.  The figure shows covering the mountain with molasses without using a mortar and the proximity of the water company 

to Al-Falaj on the street., Source: Authors 
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6. Results of Case Study 

6.1. Based on the Current Research Findings, the 

Following Conclusions Were Drawn 

- The design of the road and the associated fluoride 

system for harvesting rainwater did not account for 

the development of an integrated plan, including the 

planning to utilize the accumulated water (rainwater, 

headwaters, and mountain trails) for storage and 

treatment for multiple uses, with a material return 

covering the majority of the project’s construction 

costs. 

- Field-collected rainwater must be disposed of 

utilizing water-soaking vehicles, transported for 

disposal, and disposed of via the sewage system or 

sewers and water drains, at a high material cost and 

without the benefit of clean supplies. 

- Aflaj is an open water stream that allows paper and 

plastic waste to be collected by wind and settle on the 

surface of the water. When it absorbs water and 

becomes heavy, it sinks to the bottom of the flu and 

reduces the rate of water penetration. As shown in 

Figure 34, this necessitates a maintenance plan that 

periodically implements a cleaning and maintenance 

schedule. 

 

Figure 34.  Some of the problems that appear in the Aflaj of Al-

Mokattam, Source: Authors 

- An attempt to reduce the financial costs of the project 

has a negative impact on the engineering 

specifications and eliminates the sustainability of the 

project, which is evident in the following: 

1. The concrete mountain casings, which cover 

only two-thirds of the mountain’s height and 

leave the upper portion unadorned, shall not 

be completed, leaving the portion covered by 

tiles vulnerable to collapse due to rainwater 

and the water that they sneak and shovel 

underneath. 
2. A large proportion of mountain surface areas 

are covered with stones by placing them 

directly on mountain sands without a layer of 

concrete, exposing them to drift during the 

first heavy rains. 

- In particular cases, falsification is designed in the 

areas of slopes passing through Abar areas and 

groundwater eyes, where fresh water is extracted for 

use and poured into the flu, as well as the rainwater 

that falls in the highlands and makes its way to the 

long-term flu in a roadway that supplies residential 

areas with drinking water and irrigates agricultural 

land. In order to obtain the water required for their 

industries, factories can also be built in areas adjacent 

to the flood path. 

- The Aflaj on the Mokattam Corniche road are not 

economically viable and are not useful for collecting 

water that falls on the road and from the mountain, 

absorbing it away, and maintaining the road’s traffic 

flow. It can be developed by implementing the Aflaj 

system development suggestions. 

6.2. Proposals for the Development of the Aflaj System 

in the Area of Study 

1. Water harvesting points should be constructed with a 

minimum depth of 6 meters of concrete walls 

insulated with moisture-resistant material for use as a 

water storage facility. In addition, each point must be 

equipped with five-horsepower water lift engines 

capable of lifting water from the reservoir and 

pumping it three inches. 

2. Establishment of a limited-capacity water treatment 

plant in a location suitable for a medium distance from 

the water points where pipes are transported to water 

pumped from the assembly points, as depicted in 

Figure 35. 

3. Exploration of groundwater sites and drilling of wells 

equipped with engines to extract water from wells and 

pour it into Aflaj to reach assembly points under the 

force of gravity. 

4. The construction of pipes from the treatment plant to 

residential and agricultural areas for the transport of 

treated water to those areas and their use in irrigation 

operations, toilets in residential units, or drinking 

water if treated to the extent required as clean, 

unpolluted water. 

This accomplishes two goals: 

- First, it ensures that rainwater does not pool in 

squares and that there is a free traffic flow. 

- Second: maximizing the use of rainwater and 

transforming it into a national resource that 

contributes to Egypt’s national income growth. 
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Figure 35.  A cross-section of the Aflaj system development on Mokattam Corniche Street. Source: Authors 

7. Conclusions 

- The Aflaj system is particularly effective in those 

nations that primarily rely on it to irrigate most of 

their crops year-round. 

- The Aflaj system is appropriate for sloped terrain 

because rainwater is moved by gravity alone, without 

the use of any machinery. 

- The Aflaj system is distinguished by its inexpensive 

infrastructure establishment costs, simplicity of 

maintenance, and high-water flow through the sewage 

systems. 

- Possibility of using natural groundwater reservoirs 

(wells and springs) to supply water to the Aflaj 

streams 

- The Aflaj system in the Mokattam Corniche area is 

regarded as the focal point of a project that can be 

planned and benefited from the rain that falls there, 

transforming it from a burden that impedes car traffic 

into an investment project to provide water for a 

variety of purposes, the most important of which are 

agricultural, domestic, and industrial production. 
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