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Water scarcity presents significant challenges to sustainable development, 
particularly in arid regions like Fayoum City, Egypt, which faces particular 
water challenges due to its unique topography. This study explores the pivotal 
role of pump stations and wastewater reuse in mitigating water scarcity and 
promoting sustainable water management practices. Utilizing a comprehensive 
mixed-method approach, including desk research, field surveys, stakeholder 
interviews, and integrating the Analytic Hierarchy Process (AHP) into a decision-
making framework. The study categorizes pump stations into priority ranking 
groups based on the evaluation of the following criteria: efficiency, operating 
hours, working unit ratio, and discharge capacity. The investigation reveals 
that the 72 pump stations in Fayoum City play a vital role in regulating water 
levels, optimizing distribution, and facilitating the reuse of irrigation wastewater. 
Despite operational challenges, such as manpower shortages and maintenance 
issues, these stations are crucial for sustaining agricultural productivity and 
addressing water scarcity concerns, including the prevention of recurring 
inundation events like the one in 2012. Moreover, the study underscores 
the potential of wastewater reuse as a sustainable solution to water scarcity, 
particularly in meeting agricultural water demands and mitigating water balance 
issues, such as inundation. Based on the findings, the study proposes actionable 
recommendations, including upgrading high-priority pump stations, evaluating 
lower-priority ones, enhancing canal infrastructure, and promoting water-
efficient irrigation methods. In conclusion, this study provides valuable insights 
into the pivotal role of pump stations and wastewater reuse in addressing 
water scarcity challenges in arid regions. By implementing the proposed 
recommendations, Fayoum City can optimize its water management practices, 
ensure water security, and support the long-term development of the region.
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1 Introduction

Water scarcity is a critical global challenge affecting regions across the world, with Egypt being 
no exception (Damkjaer and Taylor, 2017). One of the most valuable water resources in the region 
is groundwater, especially in Egypt (Kasem et al., 2024). Fayoum City in particular, faces significant 
water resource management issues due to limited freshwater resources, increasing water demand, 
and a delicate water balance. This section provides an overview of the water scarcity, pump stations, 
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wastewater reuse, and water challenges in Fayoum City and outlines the 
study’s focus on pump stations and irrigation wastewater reuse.

Water scarcity has gained significant attention in recent decades due 
to its detrimental effects on socio-economic development and livelihoods 
(Damkjaer and Taylor, 2017; Liu et al., 2017; Ismail et al., 2023). Indicators 
have been developed to assess various aspects of water scarcity, including 
population, water availability, and water usage. In the specific case of 
Egypt, water scarcity is exacerbated by the country’s rapid population 
growth, resulting in a greater demand for water resources. As a 
consequence, Egypt has experienced a significant decline in per capita 
water allocation, decreasing from approximately 2,000 m3/year to around 
600 m3/year over the past few decades (Moghazy and Kaluarachchi, 
2020). This challenge is further compounded by the presence of limited 
water resources within the country and the additional strain caused by 
the upstream consumption of water by neighboring nations (Al Maliki 
et al., 2020; Luo et al., 2020; Megahed et al., 2023).

Figure 1 depicts the population growth in Egypt since 1955, which 
has led to concerns regarding the availability of water per capita due 
to the doubling of the population (Moghazy and Kaluarachchi, 2020). 
On the other hand, it is important to note that Egypt’s main water 
resources have remained unchanged since the water agreement 
“Cooperative Framework Agreement (CFA).” Out of the total water 
volume of 1,660 BCM/y that is distributed within the Nile basin, 
Egypt’s allocation is limited to a mere 55.5 BCM/y (El-Rawy et al., 
2020; Tawfik et al., 2023), accounting for approximately 97% of the 
country’s renewable water resources (Hefny and Amer, 2005; 
Damkjaer and Taylor, 2017; El-Rawy et al., 2020; Salem et al., 2021).

Egypt has an arid environment with 18 mm of yearly rainfall on 
average (Moghazy and Kaluarachchi, 2020). Egypt Depends on the Nile 
for 97% of its water requirements (Elbasiouny and Elbehiry, 2020), while 
irrigated agriculture accounts for the vast majority (84%) of all the water 
used (Abu-Zeid, 1992). The sharing of the Nile waters has been a source 
of conflict between Egypt and other riparian countries (Abdelfattah, 

2021), further stressing the water resources situation (Abdelfattah, 2021). 
In the specific context of Fayoum City, water scarcity and water balance 
limitations pose significant challenges. The city’s water supply primarily 
comes from the Nile River and groundwater wells, struggling to meet the 
growing demands of the population (Wahed et al., 2015). Additionally, 
the outdated drainage system exacerbates water balance issues, leading 
to flooding during the rainy season and exacerbates water level 
fluctuations in Lake Qarun. The delicate balance between water inflow 
and evaporation in the lake has resulted in inundation events in the past, 
causing damage to agricultural areas and nearby villages (Omar, 2013; 
Wahed et al., 2015; Ismail et al., 2023).

Wolters conducted a study on the Fayoum water balance of irrigated 
lands and Lake Qaroun, highlighting the delicate balance between 
drainage flow, water levels, and the influence of irrigation practices 
(Wolters et al., 1989). Fayoum’s irrigation system incorporates features 
that can be classified as re-use, such as the re-use of drainage water within 
the system, resulting in a lower Lake Qarun level (Wolters et al., 1989; 
Barnes, 2014).

Pump stations have emerged as potential solutions in water 
resources management to address water challenges in Fayoum City. 
These pump stations play a vital role in enhancing the efficiency of 
water use, facilitating water reuse, and mitigating water level challenges 
(Sato et al., 2013). There are continuous efforts being made in Fayoum 
City to improve the availability of water and enhance the overall 
effectiveness of irrigation (Abdel Atty, 2018). According to Abdel Atty 
(2018), the Ministry of Water Resources and Irrigation in Egypt 
acknowledges the value of recycling wastewater and adopting 
sustainable water practices. In Egypt, 33% of the water used annually 
is recycled. However, the successful implementation of wastewater 
reuse strategies requires careful planning to ensure long-term operation 
and avoid negative impacts on water quality and the environment.

In the past, Fayoum City experienced an inundation event in 2012 
due to a relatively small excess of inflow over evaporation, resulting in a 
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FIGURE 1

Population of Egypt 2023 (Worldometers.info, 2023).
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significant rise in the water level of Lake Qarun. This led to the flooding 
of adjacent land, impacting agricultural areas and nearby villages. The 
incident highlighted the region’s vulnerability to even minor imbalances 
in the water system and underscored the importance of effective water 
resource management (Omar, 2013; Hassan, 2015). Proper management 
of pump stations’ operation and maintenance is crucial in order to 
minimize adverse effects on water quality, ecosystem health, and the 
surrounding environment (Mohie El Din and Moussa, 2016).

The purpose of this study is to fill this gap by conducting a detailed 
investigation into the role of pump stations and wastewater reuse in 
water resource management in Fayoum City. By employing a mixed-
methods approach and utilizing the Analytic Hierarchy Process (AHP), 
this research aims to gather robust data, evaluate the effectiveness of 
existing pump stations, and assess the feasibility of wastewater reuse 
practices. Furthermore, this study seeks to identify challenges hindering 
the optimal operation of pump stations and propose practical 
recommendations to enhance their efficiency and sustainability.

The findings of this research have significant practical implications 
for policymakers, water resource managers, and stakeholders involved 
in water management in Fayoum City and similar water-stressed 
regions worldwide. By providing insights into the potential of pump 
stations and wastewater reuse, this study offers valuable guidance for 
developing strategies to mitigate water scarcity, optimize water 
distribution, and promote sustainable development. Ultimately, the 
outcomes of this research can inform evidence-based decision-making 
and contribute to the implementation of effective water management 
practices that address the unique challenges of water scarcity in 
Fayoum City and beyond.

2 Materials and methods

2.1 Study area

The study focuses on Fayoum City, which has different names 
online like (Fayoum Governorate, Fayoum Depression, Fayoum Oasis 
or Fayoum City) is an ideal case study for this research due to its 
unique location and water Challenges. Figure 2 shows a map of Egypt 
and the Location of Fayoum City located in the Western Desert of 
Egypt. Fayoum City covers an area of 6,068 km2 and is situated 
approximately 95 kilometers southwest of Cairo, the capital of Egypt. 
The region has a unique topographical regarding huge differences in 
land Elevation and Limited Water Resources and Limited outlet Water 
Capacity and geographical setting with the Nile River flowing through 
it, providing a vital water source for irrigation and other uses.

Figure 3 showcases the journey of Fayoum’s freshwater share from 
the Aswan High Dam through the Nile River and various barrages, 
culminating in the Ibrahimya Canal at Asyut Barrage (Abdrabbo, 
2009; Omar, 2013). Additionally, it visualizes the geographical distance 
of Fayoum City from the primary inflow and outflow streams.

Fayoum Governorate is known for its rich agricultural lands, 
making it one of the main agricultural hubs in Egypt. Fayoum 
Governorate had a population of 2.48 million (January 2005 census) 
and recently recorded 3.849 million (2020). Fayoum City, which is the 
principal municipality, occupies a natural closed depression in the 
Western Desert of Egypt between 29°020 and 29°350 N and 30°230 
and 31°050E. The region’s economy heavily relies on agriculture, and 
the majority of its population is engaged in farming activities. 

FIGURE 2

Map of Egypt showing Fayoum City.
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FIGURE 3

Path of Fayoum freshwater share from the Nile.

However, the rapid growth in population and agricultural expansion 
has put significant pressure on the available water resources, leading 
to water scarcity and water balance challenges. It should be taken into 
account that Fayoum’s water outlets are limited to Qaroun Lake and 
Wadi El Rayan Lake, which are both of Limited Capacity as shown on 
Figure 2 which displays Fayoum city, Qarun Lake and Wadi El Ryan.

2.2 Data and methodology

The study employs a mixed-methods approach to gather data and 
evaluate the potential of pump stations and wastewater reuse in 
Fayoum City. The methodology encompasses the following key steps:

2.2.1 Desk Research
The study begins with an extensive desk research phase, where 

existing literature on water resource management, pump stations, and 
wastewater reuse in Egypt and other relevant countries is reviewed. This 
literature review helps establish the background and context for the 
research, identify gaps in knowledge, and understand the current state of 
water challenges in Fayoum City. It also provides valuable insights into 

pump station assessments and their effectiveness in other water-
scarce regions.

2.2.2 Field Surveys
Conducted during my tenure with the Ministry of Water 

Resources and Irrigation (MWRI) in Fayoum, these surveys helped in 
gathering pertinent data on pump station usage, water resources, and 
drainage storage in the region. Physical visits were made to pump 
stations, water sources, and agricultural areas. The collected data 
included pump station capacities, discharge volumes, water levels, and 
the condition of irrigation infrastructure. The surveys also 
documented information about the existing water resources and the 
drainage systems in Fayoum City, offering a comprehensive 
understanding of the current water management scenario.

2.2.3 Interviews with Stakeholders
Interviews were conducted orally and through a questionnaire 

with 47 participants with various stakeholders involved in water 
resource management in Fayoum City. This includes government 
officials, engineers, farmers, and representatives from the Ministry 
of Water Resources and Irrigation (MWRI). Notably, both the East 
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and West Administrations of Irrigation in Fayoum are each operated 
by around 20 engineers. The interviews provided valuable insights 
into the challenges and opportunities of pump station usage, water 
recycling, and wastewater reuse in agricultural practices. 
Stakeholders’ perspectives help in understanding the practical 
implications of pump station operations and identify areas 
for improvement.

Figure 4 represents the survey design, demonstrating the sections 
of questions targeting specific individuals. This approach aimed to 
prevent scattered or unfocused responses.

2.2.4 Analytic Hierarchy Process (AHP)
The Analytic Hierarchy Process (AHP) was employed to 

conduct a thorough evaluation of pump stations according to 
specific criteria. Engineers with practical experience in pump 
station operations or maintenance participated in a survey 
determine the relative importance of these criteria. Through 
pairwise comparisons, priority weights were calculated for each 
criterion using the AHP methodology. These weights were then 
aggregated to objectively rank pump stations, laying a systematic 
foundation for decision-making and resource allocation. A widely 
acknowledged decision-making tool, AHP facilitates the 

establishment of a priority list for alternatives via pairwise 
comparisons, leveraging a numerical scale devised by Saaty to 
streamline the comparison process (Saaty, 1980; Vargas, 1990; 
Saaty, 2001; González-Pavón et al., 2024).

2.2.4.1 Hierarchical structure
A hierarchical structure was employed to guide the assessment 

process, as depicted in Figure 5. At the top level, the decision goal was 
defined, with lower levels representing elements influencing the 
decision and specific evaluation criteria. These criteria encompassed 
efficiency, operating hours, and working units ratio. The construction 
of this structure was recommended based on the data collected, 
ensuring a comprehensive evaluation process (Saaty, 1980).

2.2.4.2 Criteria evaluation
The assessment of pump stations relied on predetermined criteria, 

including efficiency, operating hours, working units’ ratio, and discharge 
capacity. To engage engineers with relevant experience, 20 qualified 
respondents out of 27 participated in a survey to gauge the importance 
of each criterion using Saaty’s numerical scale, ranging from 1 (equally 
important) to 9 (extremely important). Their assessments facilitated the 
creation of pairwise comparison matrices. The derived weights were 

FIGURE 4

Survey design diagram.
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TABLE 1 Criteria scaling according to the survey.

Scale rating repetitions in the survey of total 20 
participants

Criteria
Units 
ratio

Efficiency Discharge
Operating 

hoursRating 
scale

1 8 8 10 3

2 1 1 0 3

3 1 5 2 1

4 0 0 2 2

5 3 3 4 3

6 1 0 1 0

7 3 3 0 4

8 1 0 1 0

9 2 0 0 4

Sum 81 61 58 99

Avg 4.05 3.05 2.9 4.95

then calculated using equations (1, 2), showcasing the criteria’s relative 
significance. These findings are summarized in Table 1 for reference 
(Saaty, 1980; AlAli et al., 2023; Nguyen et al., 2023).
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The AHP method involves several steps: constructing the pairwise 
comparison matrix, normalizing the matrix, calculating the priority 
weights for the criteria/alternatives, checking consistency, and 
aggregating rank scores. These steps ensure a systematic 
evaluation process.

2.2.4.3 Here are the general equations for each step of 
the AHP method

It is worth noting that all equations referenced in this study, 
including those used for calculating priority weights and ranking 
pump stations, are grounded in Saaty’s (1980) Analytic Hierarchy 
Process or draw inspiration from his pioneering work in decision-
making methodologies. This ensures the reliability and validity of our 
analytical framework and enhances the robustness of our findings.

Step 1: Pairwise Comparison Matrix Construction
To construct the pairwise comparison matrix for comparing 

criteria or alternatives, let us assumed that we  have n criteria/
alternatives. The pairwise comparison matrix denoted as C will have 
elements cij, where i and j represent the row and column indices, 
respectively. The elements of the matrix are given by:

 
cij wi wj=

 
(3)

where wi and wj are the weights assigned to criteria/alternatives i 
and j, respectively.

Step 2: Normalization of Pairwise Comparison Matrix
To normalize the pairwise comparison matrix, we divide each 

element of the matrix by the sum of its respective column. The 
normalized matrix N is obtained as follows:

 
( )= ∑nij cij ckj

 
(4)

where nij represents the normalized value of element cij, and Σ(ckj) 
represents the sum of the column j.

Step 3: Calculation of Criteria/Alternative Priority Weights
To calculate the priority weights for criteria/

alternatives, we take the average of the elements in each row of 
the normalized matrix. The priority weight vector P is calculated 
as follows:

FIGURE 5

Hierarchical structure.
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 P p p pn= …( )1 2, , , , (5)

where pi is the priority weight assigned to criteria/alternative i, 
given by:

 
( ), = ∗ 

 
∑1pi nik

n  
(6)

where n and nik represents the normalized value of element cik, and 
Σ(nik) represents the sum of the rowi.

Step 4: Consistency Check

To ensure the consistency of the pairwise comparisons, 
we calculate the consistency ratio (CR). The consistency index (CI) is 
calculated using the formula:

 ( ) ( )_ max / ,λ= − −1CI n n
 (7)

where λ_max is the maximum eigenvalue of the pairwise 
comparison matrix, and n is the order of the matrix.

 
CR CI RI=

 
(8)

The consistency ratio (CR) is then calculated as follows:
where RI represents the random index obtained from a reference 

table based on the matrix size.
Step 5: Aggregation of Criteria/Alternative Rank Scores

FIGURE 6

Canals and some of the pump stations in Fayoum (MWRI).
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To obtain an overall rank score for each alternative, we’ll calculate 
the weighted sum of the individual criteria scores. The rank score R 
for each alternative i is given by:

 
R p FF p p h p u

tui eFF i d i h
i

u
i

i
= + ∗ + ∗ + ∗∗e d

24  
(9)

where Ri represents the rank score for alternative i, effi 
represents the efficiency where Ri represents the rank score for 
alternative i, effi represents the efficiency score for alternative i, 
di represents the discharge capacity score for alternative i, hi 
represents the number of Operating hours for alternative i, Peff 
represents the priority weight for the efficiency criterion, Pd 
represents the priority weight for the discharge capacity criterion, 
Ph represents the priority weight for the Operating hours 
criterion, Pu represents the priority weight for the working units 
criterion, and tui represents the total number of units for 
alternative i.

To analyze the data, calculate the criteria weights, and determine 
the ranks of pump stations, Microsoft Excel software was utilized. 
Equations ranging from 1 to 9 were used to input the values obtained 
from the survey responses. This methodology enabled the 
determination of criteria weights for each criterion and subsequent 
prioritization of pump stations.

3 Results and discussion

3.1 Data and analysis

Based on the proposed methodology, the Fayoum Irrigation 
system is delivered through a multi-branch network of canals, 
comprising approximately 350 canals (shown on map Figure 6). Most 
of these canals were naturally formed by the unique topography of the 
land (topography map for Egypt at Figure 7 and topography map for 
Fayoum at Figure  8). The infrastructure of the system is about 
100 years old. Therefore, it faces various challenges, including wasteful 
irrigation techniques employed by farmers, such as excessive watering 
(Abdel Atty, 2018).

To sustain the water needs and balance in Fayoum, irrigation 
wastewater is reused both officially and non-officially, not only 
by the farmers themselves at the poor water regions by the tail end 
of canals due to excessive watering by upstream farmers but also 
officially reused by the Ministry of Water Resources and Irrigation 
(Wolters et al., 1989; Barnes, 2014). Currently, there are 72 pump 
stations in operation in Fayoum, detailed in Tables 2–4. These 
pump stations are categorized based on their functions: draining 
to drain (6 stations), canal to canal (17 stations), and drain to 
canal (49 stations). Most stations have small discharge capacities, 
around 0.2 m3/s.

It is important to note that not all pump stations are operated by 
the same authority. Different administrations and departments, such 
as the Electro Mechanical Department at MWRI, the General 
Administration of Eastern Fayoum Irrigation, and the General 

Administration of Western Fayoum Irrigation. These entities oversee 
and manage these pump stations. The Electro Mechanical Department 
generally possesses more specialized expertise in dealing with pump 
stations mechanically.

However, some of the pump stations operated by the Irrigation 
Department face issues and do not fully operate as designed. These 
issues include water level shortages, difficulties with water withdrawal 
at the pump station inlet, and the potential for inlet pipe obstructions. 
It is advisable to consider these obstacles when designing future pump 
stations, taking into account the actual working environment, as 
certain areas are prone to recurring pipe clogging (El-Agha 
et al., 2011).

The majority of pump stations constructed and managed by the 
Irrigation Department were built as quick and reasonable solutions to 
address water shortages in the tail ends of canals, primarily for 
irrigation purposes. However, this repeated pattern lacked a detailed 
strategic study and has gradually led to a domino effect. For instance, 
many pump stations were established to address issues in branched 
canals based on the same drainage resource. This has caused the water 
level in the drain to fall below the required level for some pump 
stations to function properly, resulting in the need for decision makers 
to shut down or reduce the working hours of certain pump stations to 
avoid further consequences (Reggiani et al., 2022).

The reuse of wastewater in irrigation is a common  
practice in Fayoum, with ongoing efforts by MWRI are made to 
monitor the water mixing process to maintain compliance with 
irrigation standards (Khairy et al., 2022). However, significant 
challenges exist regarding the discharge of untreated urban, 
municipal, and industrial wastewater into agricultural drains. 
This raw sewage flows into the drains, creating constraints for 
the reuse of irrigation drainage water. Heavy pollution has even 
led to the shutdown of certain pump stations in the Delta region. 
The use of drainage water without proper treatment may have 
long-term effects on the sustainability of the land, increasing its 
salinity due to the deterioration of water quality (El-Agha 
et al., 2011).

Figure 9 illustrates the striking elevation change along the 
Bahr Wahba Canal, one of the main distribution canals in 
Fayoum. Over a relatively short distance of less than 55 kilometers, 
the canal experiences a rapid transition in elevation. Starting at 
an altitude of 24 meters above sea level, it descends dramatically 
to a depth of −40 meters. This significant drop showcases the 
impressive and rapid changes in elevation within the 
canal’s course.

Figure  6 provides a visual representation of the intricate 
network of canals crisscrossing the landscape. It also illustrates 
how numerous pump stations are closely clustered within a 
kilometer radius. This depiction not only highlights the extensive 
reach of the canal system but also emphasizes the high density of 
water infrastructure in the region. By visually depicting the 
spatial distribution of pump stations in relation to the canal 
network, the figure offers valuable insights into the 
interconnectedness and complexity of the water management 
infrastructure in the study area.

Figure  7 offers a comprehensive topographic overview, 
highlighting the significance of comprehending elevation 

https://doi.org/10.3389/frwa.2024.1386303
https://www.frontiersin.org/journals/Water
https://www.frontiersin.org


Kotb et al. 10.3389/frwa.2024.1386303

Frontiers in Water 09 frontiersin.org

differences in the context of efficient water management. The 
map presents a visual representation of Egypt’s topography, 
utilizing color gradients to indicate variations in elevation. 
Several key points were measured and included on the map, such 
as the Mediterranean Sea, which serves as the reference point 
with an elevation of 0.0 meters. Additionally, specific locations 
within Egypt were measured, including the Fayoum Water Inlet 
area, which exhibited an elevation of +23 meters, and Lake 
Qarun, which displayed an elevation of −47 meters. These 
measurements provide valuable insights into the elevation 
disparities across different regions and emphasize the importance 
of understanding these variations for effective water 
management strategies.

Figure  8 provides an in-depth exploration of the intricate 
topography of Fayoum, specifically highlighting the variations in 
elevation from the water inlet to the outlet, which encompasses 
Lake Qarun and Wadi El Rayan. This detailed map offers a closer 
view of Fayoum’s topography, using color gradients to represent 
the differences in elevation. To illustrate the significant elevation 
and the drop from the water inlet at approximately +25 meters, 
measurements were taken at various points within Fayoum, 
including Lake Qarun and Wadi El Rayan. These measurements 
reveal that the water outlet at Lake Qarun is situated at an 
elevation of −47 meters, while Wadi El Rayan ranges from −14 
meters to −36 meters. This comprehensive analysis allows for a 

better understanding of the substantial elevation changes 
experienced from the water inlet to the water outlet in Fayoum, 
as well as the specific elevation levels of Lake Qarun and Wadi 
El Rayan.

After aggregating the priority weights, an overall measure of 
importance was obtained for each pump station, according to the 
collected data from the field survey and application of the AHP 
methodology output into equation (9). This facilitated the 
ranking of the stations based on their assessed importance, 
providing an objective foundation for comparison and  
decision-making. Consequently, the pump stations were 
categorized into three groups: Group A, representing the top 20% 
in terms of priority; Group B, representing intermediate priority; 
and Group C, representing the lowest 20% in terms of priority. 
These distinct rankings serve as valuable tools for effective 
decision-making and resource allocation in pump station 
management. The rankings for each department are presented in 
Tables 2–4, along with the accompanying data and  
results.

Tables 2–4 abbreviations:

 • Type: “Mix” denotes mixing drain wastewater for reuse in 
canals, “Irr” indicates lifting water from one canal to another 
canal, and “Drain” signifies lifting water from one drain to 
another drain.

FIGURE 7

Egypt topographic map.
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 • Water Source or Destination (“st km”): Kilometric location of 
the station for both the water source and the outlet  
source.

 • (%Eff): Efficiency of the pump stations, as reported by the 
Ministry of Water Resources and Irrigation.

 • AHP: Represents the Priority Rank Percentage, ranking 
stations into Group A, B, or C based on the chosen  
criteria.

 • Note: The symbol (-) in the table indicates that the data  
could not be  acquired during the research time, resulting in 
“NED” representing Not Enough Data to evaluate.

3.2 Pump stations managed by various 
departments

Tables 2–4 provide detailed insights into the pump 
stations managed by different departments within the 

Ministry of Water Resources and Irrigation (MWRI) in 
Fayoum City.

Tables 2, 3 outline the pump stations managed by the East 
Fayoum Irrigation Department and West Fayoum Irrigation 
Department, respectively. These tables illustrate the diverse usage 
patterns of the pump stations, primarily focused on lifting water 
from one canal to another canal (“Irr”) or mixing irrigation 
wastewater from drains to canals (“Mix”). Essential information such 
as station names, kilometric locations for both the water source and 
the outlet source (“st km”), and the reported efficiency of the pump 
stations (%Eff) by the MWRI are included. As for Table 4, the focus 
shifts to pump stations managed by the Department of Mechanics 
and Electricity. These stations serve distinct purposes such as lifting 
water from canal to canal, mixing irrigation wastewater from drains 
to canals, or lifting water from drain to drain. The table compiles 
essential data, including the station name, water sources with 
kilometric locations for both the water source and outlet source, the 
number of units, and their efficiency (%Eff) based on measurements 
and formal reports from the MWRI.

FIGURE 8

Fayoum topographic map.
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TABLE 2 Pump stations managed by East Fayoum Irrigation Department.

No. Station name Type Water source and 
location

Water destination and 
location

No. of units Eff % Disharge 
m3/s

Operating 
time

AHP

Water source st. km Water destination st. km Total Working Hours Days Value Rank

1 Losato Irr bahr Wahba 18.4 Janabiya Losato 2.53 3 2 75 0.25 22 7 60.8% 2 A

2 Sela Al-Amumi Mix
Masraf Qabli AlSikka 

AlHadid
0.2 Bahr Sela 3.5 2 1 77 0.25 11 7 49.5% 18 B

3 Matratars Mix Al-Khazan 3.5 Eastern Matratars 2.2 2 1 80 0.25 11 7 50.3% 12 B

4 Al-Naqla Mix Al-Batas 22 Bahr Al-Naqla 1.13 4 2 78 0.25 14 7 52.0% 7 B

5 Tarasis Mix Tanhala 6 Bahr Tarasis 2.7 2 1 78 0.25 12 7 50.5% 11 B

6 Al-Tahooun Mix Al-Batas 10.7 Masqat Al-Tahooun 63.12 2 1 80 0.5 11 7 58.0% 4 A

7 Azam Mix Azam 1.5 Al-Jumhuriyah 0.6 2 1 75 0.25 12 7 49.6% 13 B

8
ysar wahba right 

side
Mix Al-Batas 8.6 Bahr Wahba 68.12 2 1 75 0.25 12 7 49.6% 13 B

9 Al-Ajooz Irr Bahr Youssef 3 Al-Ajooz 3.1 2 1 80 0.25 4 7 45.1% 24 C

10 Al-Shahat Mix Al-Shahat 0 Baja 1 2 1 80 0.25 7 7 47.3% 21 C

11 Al-Jumhuriya Mix Barakat Al-Matar 1.1 Al-Jumhuriyah 8.5 2 1 75 0.25 12 7 49.6% 13 B

12 ysar wahba left side Mix Al-Batas 8.6 Bahr Wahba 68.1 1 1 75 0.15 16 7 60.6% 3 A

13 Abjij Mix Al-Shahat 10.2 Abjij Al-Wati 3.65 4 2 80 0.25 12 7 51.1% 9 B

14 Al-Areen Mix Abu Dinqash 6 Al-Areen 2.55 2 1 78 0.25 8 7 47.5% 20 C

15 Ahreet Mix Abu Dinqash 7.7 Ahreet 7.2 1 1 75 0.15 4 7 51.6% 8 B

16 Al-Hukmdar Mix Al-Hukmdar 0.1 Al-Awsiyah 1.5 2 1 78 0.15 9 7 45.2% 23 C

17 Kafr Ameera Mix Kafar Ameera 0.6 Kafar Ameera 1 2 1 80 0.25 10 7 49.6% 17 B

18 Abu Dinqash Mix Al-Wadi Abu Dinqash 3.9 3 2 78 0.25 16 7 57.2% 5 A

19 Barket Al-Matar Mix Barakat Al-Matar 0.3 Al-Jumhuriyah 5.305 2 1 75 0.25 12 7 49.6% 13 B

20 Al-Fallahah Mix Abu Al-Nour 0.25 Extension of Al-Fallahah 0.415 1 1 75 0.15 18 7 62.1% 1 A

21 Anz Mix Al-Mandara 0.2 Anz 0.98 2 1 80 0.25 4 7 45.1% 24 C

22 Al-Awsiyah Mix Tabahar 2 Al-Awsiyah 2.5 2 1 75 0.25 11 7 48.9% 19 B

23 Firqas Mix Al-Batas 33 Bahr Firqas 2.2 3 2 80 0.25 15 7 57.0% 6 B

24 Barak Al-Baqr Mix Barak Al-Baqr 8.25 Al-Awsiyah 3.55 2 1 80 0.25 12 7 51.1% 9 B

25 Nihayat Imtidad 

Wahba

Mix Al-Batas 2 End of wahba Extension 1.75 2 1 75 0.15 11 7 45.8% 22 C
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TABLE 3 Pumpstations managed by East Fayoum Irrigation Department.

No. Station name Type Water source and 
location

Water destination and 
location

No. of units Eff % Disharge 
m3/s

Operating 
time

AHP

Water source st. km Water destination st. km Total Working Hours Days Value Rank

1 Al-Ghabah Mix Masraf Al-Shahat 2 Bahr Al-Ghabah 8.825 2 2 0.7 0.25 12 7 38.9% 4 B

2 Zankat Mix Masraf Zankat 1.6 Zankat 1.416 2 2 0.7 0.25 12 7 38.9% 4 B

3 Abu Al-Meer Mix Masraf Al-Shahat 13.5 Abu Al-Meer 3.15 2 2 0.7 0.25 12 7 38.9% 4 B

4 Awlad Muhammad Mix Masraf Al-Rus 7.3 Awlad Muhammad 4.17 2 2 0.7 0.25 11 7 38.2% 9 B

5 new Awlad Muhammad Mix Masraf Al-Rus 5.8 Awlad Muhammad 1.013 2 2 0.7 0.25 8 7 35.9% 10 B

6 Al-Gharq Mix Masraf Zafitah 1.28 Al-Gharq 26.765 2 0 0.7 0.25 0 0 7.9% 15 C

7 Al-Jarjaba Mix Masraf Zafitah 0 Al-Jarjaba 0.245 2 2 0.7 0.15 12 7 35.8% 11 B

8 Masqat Kamil Mix Main-Al-Gharq 12.3 Masqat Kamil Yamaniyah 1.8 2 2 0.7 0.25 12 7 38.9% 4 B

9 Al-Jaritli Mix Main-Al-Gharq 12.3 Masqat Al-Jaritli 0 3 2 0.7 0.25 12 7 31.6% 13 B

10 Ank Mix Main-Al-Gharq 8 Al-Ma’rabin and Hamoudat 1.325 4 2 0.7 0.25 12 7 27.9% 14 C

11 Al-Prince Irr Al-Barnis 1.5 Al-Bishawat 1.5 2 2 0.7 0.033 24 7 41.2% 3 A

12 Bahr Al-Bishawat 2 Mix Khurshid Rahim 2.3 Bahr Al-Bishawat 12.68 2 0 0.7 0.25 0 0 7.9% 15 C

13 Al-Awani Mix Al-Wadi 5.7 Al-Nuzlah 57.85 2 2 0.7 0.15 24 7 44.8% 2 A

14 Al-Masar 1 Irr Bahr Qarun 6 Al-Masar Al-Jadid 0 4 4 0.7 0.15 12 7 35.8% 11 B

15 Al-Masar 2 Irr Bahr Qarun 6 Al-Masar Al-Jadid 0 9 5 0.7 1 24 7 61.2% 1 A

16 Tatwan Al-Yamaniyah Irr Al-Nuzlah 14.3 Tatwan 14.5 2 2 0.7 0.25 12 7 38.9% 4 B

17 Tatwan Al-Yasirah Irr Al-Nuzlah 14.5 Tatwan 14.5 2 0 0.7 0.15 0 0 4.8% 17 C
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TABLE 4 Pump stations managed by West Fayoum Irrigation Department.

No. Station name Type
Water source 
and location

Water destination 
and location

No. of 
units

Eff %
Disharge 

m3/s
Operating 

time
AHP

Water Source
st. 
km

Water Destination
st. 
km

Total Working Hours Days Value Rank

1 Old Al-Batas Mix Al-Batas 22 Bahr Wahba 46.1 4 2 74 1.50 9.5 7 85.9% 3 A

2 New Al-Batas Mix Al-Batas 17 End of Bahr Wahba 55.639 3 2 84 1.5 9.5 7 92.5% 1 A

3 Al-Hayyar Mix Al-Batas 22 Al-Hayyar 10 2 1 74 0.75 10 7 63.2% 8 B

4 Tanhala Mix Masraf Al-Wati 3.5 Khawr Tanhala 8.6 3 1 75 0.33 10 7 46.9% 9 B

5 Bahr Al-Bishawat 1 Mix Al-Tajin 3 Bahr Al-Bishawat 1.1 2 2 70 1 24 7 91.2% 2 A

6 Bahr Al-Jass Mix The Open Channel 14.3 Bahr Al-Jass 7.5 4 2 70 0.5 24 7 64.9% 7 B

7 Bahr Al-Banat Mix The Open Channel 5.6 Al-Banat 5.6 3 2 70 0.5 24 7 68.5% 5 A

8 Bahr Al-Nuzlah Mix The Open Channel 0.6 Al-Nuzlah 17 3 2 70 0.5 24 7 68.5% 5 A

9 Masraf Al-Qati Mix Al-Wadi Drain 1.13 Al-Nuzlah / Qarun 3,600 4 3 70 1 24 7 85.7% 4 A

10 Qarun Al-Ra′eesiya Irr Bahr Qarun - reclamation Canal - 4 - - 0.6 - 7 NED NED NED

11 Qarun Al-Far’iyah 1 Irr reclamation Canal - reclamation Canal - 3 - - 0.3 - 7 NED NED NED

12 Qarun Al-Far’iyah 2 Irr reclamation Canal - reclamation Canal - 2 - - 0.25 - 7 NED NED NED

13 Qarun Al-Far’iyah 3 Irr reclamation Canal - reclamation Canal - 3 - - 0.55 - 7 NED NED NED

14 Qarun Al-Far’iyah 4 Irr reclamation Canal - reclamation Canal - 4 - - 0.35 - 7 NED NED NED

15 Floating station Irr Al Rayyan Lake - reclamation Canal - 2 - - 1.8 - 7 NED NED NED

16 fixed Al Rayyan 1 Irr Al Rayyan Lake - reclamation Canal - 1 - - 2 - 7 NED NED NED

17 fixed Al Rayyan 2 Irr Al Rayyan Lake - reclamation Canal - 1 - - 2 - 7 NED NED NED

18 old Al-Ghurq 1 Drain Masraf Al-Ghurq - Masraf Al-Ghurq - 4 - - 1 - 7 NED NED NED

19 old Al-Ghurq 2 Drain Masraf Al-Ghurq - Masraf Al-Ghurq - 4 - - 1.8 - 7 NED NED NED

20 old Al-Ghurq 3 Drain Masraf Al-Ghurq - Masraf Al-Ghurq - 4 - - 2.1 - 7 NED NED NED

21 old Al-Ghurq 3 Drain Masraf Al-Ghurq - Masraf Al-Ghurq - 3 - - 2.2 - 7 NED NED NED

22 old Al-Ghurq 2 Drain Masraf Al-Ghurq - Masraf Al-Ghurq - 3 - - 3.3 - 7 NED NED NED

23 old Al-Ghurq 3 Drain Masraf Al-Ghurq - Masraf Al-Ghurq - 3 - - 4 - 7 NED NED NED

24 Kom Oushim Irr Al-Jumhuriyah canal - Artificial canal - 3 - - 0.75 - 7 NED NED NED

25 Bahr Wahbi Mix Bahr Wahbi - Artificial canal - 3 - - 1 - 7 NED NED NED

26 north Bahr Wahbi Irr Artificial canal - Artificial canal - 3 - - 0.32 - 7 NED NED NED

27 Al-Tajin Mix Al-Tajin - Bahr Al-Nuzlah - 5 - - 1.2 - 7 NED NED NED

28 emergancy Al-Tajin Mix Al-Tajin - Bahr Al-Nuzlah - 3 - - 1 - 7 NED NED NED

29 extra Al-Tajin Mix Al-Tajin - Bahr Al-Nuzlah - 5 - - 1 - 7 NED NED NED

30 emergancy unit Mix open channel - Bahr Al-Nuzlah - 1 - - 1 - 7 NED NED NED
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3.3 Pump stations distribution

Tables 2–4 provide a comprehensive overview of the distribution and 
categorization of pump stations managed by various departments within 
the Ministry of Water Resources and Irrigation (MWRI) in Fayoum City. 
These tables outline the diverse functions of pump stations, including 
lifting water from one canal to another canal (“Irr”), mixing irrigation 
wastewater from drains to canals (“Mix”), or lifting water from one drain 
to another drain. Additionally, based on the data from the tables, it is 
observed that there are a total of 72 pump stations administered by the 
Mechanical Department and the Irrigation Department at the MWRI in 
Fayoum City, which are distributed as follows:

 • Pump stations for Mixing from Drainage: 49
 • Pump Stations supply from canals: 17
 • Pump stations for Drainage Purpose: 6

The tables include essential information such as station names, 
kilometric locations for both the water source and the outlet source, the 
number of units, and their reported efficiency by the MWRI. Additionally, 
the pump stations were categorized into three groups: Group A, which 
represents the top  20% in terms of priority; Group B, indicating 
intermediate priority; and Group C, represents the lowest 20% in terms 
of priority and significance of each station.

3.4 Role of pump stations in overcoming 
water scarcity

Fayoum City, which is confronted with severe water scarcity 
and water balance limitations, relies on pump stations as vital 

tools in sustainable water resources management. Pump stations 
play a crucial role in enhancing water efficiency, facilitating water 
reuse, and mitigating water level challenges (Sato et al., 2013). By 
strategically distributing water resources, pump stations optimize 
water supply to meet the irrigation needs of farmers throughout 
the region. The re-use of drainage water within the irrigation 
system has proven to be  an effective approach, resulting in a 
reduction in the water level of Lake Qarun level and addressing 
water balance issues (Wolters et al., 1989).

3.5 Inundation event in 2012 and pump 
station adaptations

An significant adverse incident occurred in 2012 when 
Fayoum City experienced an inundation event due to a relatively 
small excess of inflow over evaporation (Omar, 2013; Hassan, 
2015). This incident highlighted the vulnerability of the region to 
even minor imbalances in the water system. As a response, efforts 
were made to adapt pump station operations to mitigate future 
inundation risks. Improved pump station management played a 
crucial role in preventing a recurrence of such events by efficiently 
regulating the flow of water and preventing excessive 
water accumulation.

3.6 Challenges and opportunities of 
wastewater reuse through pump stations

Wastewater reuse presents a potential solution to address 
water scarcity challenges in Fayoum City. The Ministry of Water 

FIGURE 9

Wahba canal elevation profile.
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Resources and Irrigation recognizes the importance of sustainable 
water practices and the significance of recycling wastewater 
(Abdel Atty, 2018). Pump stations play a pivotal role in the 
transportation of irrigation wastewater, ensuring its successful 
integration into water resource planning. However, the successful 
implementation of wastewater reuse strategies requires careful 
planning to ensure long-term operation and to avoid adverse 
impacts on water quality and the environment (Khairy 
et al., 2022).

3.7 Pump station efficiency and future 
recommendations

The efficiency of pump stations is a critical factor in 
sustainable water resources management. Proper maintenance, 
regular monitoring, and innovative technologies can improve 
pump station performance and reduce water losses. Implementing 
smart control systems and real-time monitoring can optimize 
pump station operations, ensuring a more equitable distribution 
of water resources and mitigating the impacts of water  
scarcity.

3.8 The questionnaire

The Questionnaire outlined in Figure 4 Survey Design Diagram, 
targeted specific groups with tailored questions. This approach 
ensured focused responses and enhanced the quality of our data. A 
total of 47 surveys were collected, with 27 of them completed by 
governmental engineers who hold key responsibilities in water 
resource management and 20 by beneficiaries.

Figure 10 illustrates the distribution of the survey participants. 
Out of the 47 survey respondents, 27 were formal engineers 
responsible for water resource management. The figure provides 
insights into the differences and gaps in their work experience over 
time. It is notable that there was a period of approximately 5 years 

without any new members joining the workforce. This observation 
highlights the potential challenges in knowledge transfer and sharing 
among the engineers, which may contribute to discrepancies in their 
perspectives on water resource management.

Figure 11 presents the responses from 20 participants who had direct 
interactions with pump stations in their previous work. These participants 
were asked to identify the obstacles hindering the enhancement of pump 
stations’ role in managing water resources in Fayoum. The following 
reasons were chosen by the participants: manpower shortage, lack of 
maintenance spare parts, financial constraints, unprofessional 
contractors, and water level issues. These reasons reflect the challenges 
faced in optimizing pump station operations and highlight the areas that 
need attention to improve their effectiveness in water resource 
management. By addressing these obstacles, such as ensuring an adequate 
workforce, securing necessary spare parts, allocating sufficient financial 
resources, hiring professional contractors, and addressing water level 
fluctuations, the overall efficiency and functionality of pump stations can 
be improved.

3.8.1 Insights from the questionnaire and 
subsequent discussions reveal the following key 
points

3.8.1.1 Engineer backgrounds
The survey results indicate that approximately 78% of the working 

engineers surveyed have more than 8 years of experience. However, 
their knowledge backgrounds and perspectives on water resource 
usage and pump stations varied significantly. This discrepancy can 
be attributed to the diverse nature of their job descriptions, which 
leads to distinct views on water distribution responsibilities. The 
irregular pattern of hiring new workers also contributes to a gap in 
transferring and sharing work experience.

3.8.1.2 Optimization opportunities
Engineers with hands-on experience in pump station 

operations, particularly those involved in site operations, generally 
agree that there are opportunities for optimization. They 

FIGURE 10

Derived from the questionnaire results.
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emphasized that not all pump stations hold the same importance or 
are equally efficient. There is a consensus among the participants 
that shutting down at least one pump station would not have a 
significant impact, while upgrading at least one station could greatly 
alleviate water scarcity in Fayoum.

3.8.1.3 Maintenance challenges
Pump station maintenance faces several challenges affecting work 

effectiveness. These challenges include manpower shortage, lack of 
maintenance spare parts, financial constraints, unprofessional 
contractors, and water level issues. Addressing these challenges 
requires a comprehensive approach, such as securing better financial 
support to hire professional contractors and ensuring an adequate 
supply of maintenance spare parts.

3.8.1.4 Beneficiary perspectives
Beneficiaries in Fayoum hold diverse views on water scarcity 

and the usage of pump stations, which are largely influenced by the 
location of their land. Some beneficiaries consider pump stations 
crucial for their survival and take matters into their own hands for 
maintenance. Others see pump stations as a means to increase 
water availability, while some are unaware of their role. 
Additionally, the majority of beneficiaries still use traditional 
irrigation methods, such as irrigation by immersion. Around 55% 
of the respondents marked water availability as more important 
than water quality, while only about 10% expressed a greater 
interest in water quality.

3.8.1.5 Beneficiary influence
Beneficiaries in Fayoum have historically influenced policy 

decisions, often resulting in short-term gains. This interference has 
hindered free strategic planning, with complaints and adherence to 
outdated irrigation methods despite changing circumstances. 
Political and security aspects further complicate the decision-
making process.

These insights underscore the complexity of managing  
water resources in Fayoum, emphasizing the need for a holistic 
approach that considers diverse perspectives and addresses 
challenges in both pump station operations and 
beneficiary involvement.

4 Conclusion

In conclusion, pump stations have been vital in addressing 
Fayoum City’s unique topography and rising water demands 
amidst a fixed share of Nile River resources. They’ve effectively 
managed water levels, preventing inundation events like the one 
in 2012, and minimized water scarcity at canal ends. Despite 
wastewater treatment challenges, pump stations have maintained 
a delicate water balance, meeting agricultural needs and reducing 
water scarcity complaints. Their strategic role in optimizing 
distribution and facilitating wastewater reuse underscores their 
importance in sustainable water management, supporting 
agricultural development and alleviating water scarcity challenges 
in the region.

4.1 To ensure sustainable water resource 
management and address The increasing 
water demands in Fayoum City, the 
following recommendations are suggested

 1. Enhance A-ranked pump stations’ efficiency by  
investing in upgrades and maintenance, ensuring regular 
upkeep and optimizing infrastructure for improved 
water transfer.

 2. Improve B-ranked pump stations’ performance by focusing 
resources on enhancing operations within the canal network, 
ensuring efficient water distribution.
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FIGURE 11

Derived from the questionnaire results.
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 3. Evaluate the necessity of operating C-ranked pump stations, 
considering alternatives like redirecting water flows if operation 
is deemed economically unviable.

 4. Upgrade canal infrastructure, including pipelines and 
valves, to minimize water losses and maximize 
delivery efficiency.

 5. Promote efficient irrigation methods among farmers, 
encouraging the adoption of modern techniques like drip 
irrigation to minimize wastage and maximize efficiency.

By implementing these measures, along with ongoing assessment 
and adaptation of pump station priorities, will support sustainable 
water management in Fayoum City, addressing evolving needs and 
ensuring effective resource allocation.

The justification for our work lies in its practical 
implications for sustainable water resource management. By 
emphasizing the importance of pump stations and wastewater 
reuse, our findings offer actionable insights for policymakers, 
water resource managers, and stakeholders involved in addressing 
water scarcity challenges worldwide. Despite the challenges 
associated with wastewater treatment, the careful reuse of 
irrigation wastewater has proven to be an effective strategy for 
maintaining a delicate water balance and meeting agricultural 
water demands.

4.2 Insights and recommendations for 
future work

In addition to the insights gained from our study, several 
avenues for future research emerge that could enhance our 
understanding of water resource management in Fayoum City and 
beyond. Firstly, further investigation is needed to explore the 
long-term impacts of pump station operations and wastewater 
reuse on water quality, soil health, and agricultural productivity. 
Future studies could employ longitudinal approaches and 
advanced modeling techniques to assess the sustainability of these 
practices over time. Additionally, there is a need for 
interdisciplinary research that integrates social, economic, and 
environmental perspectives to develop holistic water management 
strategies. Furthermore, exploring innovative technologies and 
practices, such as smart irrigation systems and decentralized 
wastewater treatment solutions, could offer promising avenues for 
enhancing water efficiency and resilience in water-scarce regions. 
By addressing these research gaps and embracing interdisciplinary 
collaboration, future studies can contribute to more effective and 
sustainable water management practices, benefiting communities 
facing water scarcity challenges worldwide.

In summary, our study contributes valuable 
insights into the potential of pump stations in addressing water 
challenges and promoting sustainable water resource 
management, especially in unique topographic regions with 
delicate water balance, such as Fayoum City. By offering practical 
recommendations and future research directions, we  aim to 
support ongoing efforts to enhance water security, foster 
sustainable development, and promote resilience in water-
stressed regions like Fayoum City.
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Glossary

MWRI Ministry of Water Resources and Irrigation

AHP Analytic Hierarchy Process

Mix Mixing drain wastewater for reuse in canals

Irr Indicates lifting water from one canal to another canal

Drain Signifies lifting water from one drain to another drain

st km Kilometric location of the station for both the water source and the 

outlet source

%Eff Efficiency of the pump stations

NED Not Enough Data

km Kilometers

CR Consistency Ratio

CI Consistency Index

Ri Rank Score for alternative i

effi Efficiency score for alternative i

di Discharge capacity score for alternative i

hi Number of Operating hours for alternative i

ui Number of working units for alternative i

Peff Priority weight for the efficiency criterion

Pd Priority weight for the discharge capacity criterion

Ph Priority weight for the Operating hours criterion

Pu Priority weight for the working units criterion
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