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Abstract 

Many countries face the pressing challenge of water scarcity, affecting around 20% of the global 

population in areas with water shortages. Egypt, one of the most populous countries in Africa and the 

Middle East, is severely impacted by this issue. To address this, Egypt is focusing on developing 

alternative water resources, including the reuse of agricultural drainage water for irrigation. In this 

study, the SIWARE model was employed to evaluate water quality and quantity at two key sites in the 

Bahr El-Baqar catchment area in the Eastern Delta: (1) the Bahr El-Baqar feeder and (2) the Bilad El-

Ayad pump station. The assessment explores scenarios of reduced Eastern Delta water quotas, which 

may result from population growth and upstream Nile projects. The model was calibrated and validated 

using data from 2020 and 2021, considering factors such as soil type, hydrology, climate, and water 

supply. Findings indicate that at the first site, with no reduction in the water quota, average annual 

total dissolved solids (TDS) exceed 2000 PPM, requiring a 15.8% increase in the Eastern Delta water 

quota to meet Egyptian regulations Law 48/1982 and amendments in 2013. Additionally, formulas were 

developed to predict salinities and discharges at both reuse sites under various any reduction scenarios, 

offering insights for improving water management in the Bahr El-Baqar catchment area.  
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INTRODUCTION 

Water scarcity arises when the demand for water 

surpasses the available supply or when water quality 

is insufficient to meet the needs of both people and 

the environment. Factors contributing to this issue 

include climate change, population growth, urban 

expansion, pollution, overuse, and ineffective water 

management. This scarcity has significant impacts 

on public health, food security, economic growth, 

societal stability, and environmental sustainability 

[1-5]. As a result, countries are striving to create 

effective water management strategies to mitigate 

this challenge [6-11].   

 

Egypt, with a population exceeding 100 million, 

receives annual allocation of 55.5 billion cubic 

meters (BCM) which is below the World Business 

Council for Sustainable Development's threshold of 

1000 cubic meters per capita per year, indicating 
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water scarcity [12]. To address this shortfall, unconventional water sources are crucial for irrigation 

[13-17]. Egypt produces approximately 17 billion cubic meters (BCM) of agricultural drainage water 

each year, with over three-quarters of it being discharged into the Mediterranean Sea [18]. Reuse of 

drainage water in irrigation purposes is considered one of the most important unconventional water 

resources in Egypt [19-22].  

 

Water management models are essential for evaluating the suitability of agricultural drainage water 

for irrigation [23-26]. Allam et al. (2015) assessed the feasibility of using agricultural drainage water 

(ADW) for irrigation in the Gharbia drain, Middle Delta, Egypt, between August 2009 and July 2012, 

using the QUAL2Kw model. They focused on two main aspects: the first was the quantity of ADW 

available for reuse to meet irrigation water needs, and the second involved comparing the quality of 

reused ADW with Egypt's irrigation standards set by Environmental Law 48/1982 and its modification 

in 2013 [27]. The findings showed that water quality ranged from good to very good in the summer, but 

from fair to good in the winter. However, water quantity was considered to range from moderate scarcity 

to no scarcity in both seasons. Allam et al. (2016) introduced a framework by applying QUAL2Kw 

model for reusing agricultural drainage water in irrigation. This framework aimed to determine the 

quantities of agricultural drainage water for reuse at seven different locations. The findings revealed 

that the reuse quantities could reach 36.3% of the available agricultural drainage water during summer 

and 40.4% in winter. These were corresponded to 30.8% and 29.9% of the fresh irrigation water 

required during each respective season in the drainage basin. EL-salam canal was investigated using 

the MIKE model. According to the results, the water quality of El-Salam Canal is considered suitable 

for irrigation in regions facing water scarcity. Additionally, the existing mixing ratio of agricultural 

drainage water and Nile fresh water (1:1) is adequate to achieve acceptable water quality [24]. The 

SIWARE module assessed the impact of unofficial drainage water reuse on water usage in the Zarqun 

and Shubrakhit drainage catchments. Results showed a water deficit, leading farmers to reuse drainage 

water unofficially, the electrical conductivity (EC) of the unofficially reused water ranges between 2 

and 3.5 ds/m, imposing limitations on the types of crops that can be grown [12]. In El-Behira 

governorate, facing water scarcity and high salinity, the SIWARE module evaluated water balance and 

reuse implications. Based on the simulation results, the unofficial reuse of drainage water in 2015 

increased by approximately 7.3% compared to 2014. Additionally, the total simulated unofficial reuse 

volume is approximately three times that of the official reuse in the study area. Recommendations 

include improving water use efficiency and monitoring water quality [28].  

 

Shaban (2020) Investigate the variations in the existing drainage water reuse patterns by analyzing 

the discharge volumes and their associated salinities recorded in the Nile Delta regions since 1984. The 

findings suggest that both the discharge from drainage water reuse and salinity levels have shown 

upward trends in the Eastern Nile Delta. The findings also showed that it is possible to increase the 

mean discharge of drainage water reuse up to 101% in the Eastern Delta; however, this increase would 

be accompanied by a rise in drainage water reuse salinity levels of up to 39.5% [29]. 

 

As a result, the aim of this study was to evaluate the water quality and quantity under various water 

shortage scenarios at the two reuse sites in the Bahr El-Baqar drainage catchment area. This region 

houses the largest wastewater treatment plant in the world, which began operating in the Eastern Delta 

in (2021), treating approximately 5.6 million cubic meters (MCM) of drainage water daily [17].  

 

METHODOLOGY 

Study area 

The study area is the Eastern Delta, including two locations for water reuse in Bahr El-Baqar drainage 

catchment. The first location is the Bahr El-Baqar feeder (BBF) at coordinates (32.30°E, 31.02°N), 

where it receives water from the Bahr El-Baqar drain meeting the Om El-Reesh drain and crossing Suez 

Canal through a syphon before being directed to the Bahr El-Baqar waste water treatment plant (BB 

WWTP). The second location is at the Bilad El-Ayad pump station (BAP), situated at (31.65°E, 
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30.54°N), where the Bilad El-Ayad drain reuses some of its water with Wadi Canal. The processes of 

calibration and validation were conducted at the South Port Said Pump Station (C.V.1) and the South 

of Al-Hussainiya Plain pump station (C.V.2), respectively, as illustrated in Figure 1. 

 

 
Figure 1. The Eastern Delta, which includes the Bahr El-Baqar drainage catchment area and its reuse 

sites, along with the locations for calibration and validation 

 

Description of the Applied Model 

The research area was simulated using SIWARE (Simulation of Water Management in the Arab 

Republic of Egypt), a modeling tool designed to forecast upcoming changes resulting from various 

factors such as variations in water management practices, agricultural adjustments, or modifications in 

hydraulic, hydrological, and meteorological conditions [30]. This comprehensive model for the Nile 

Delta integrates all relevant physical and functional relationships. Merging drainage data from 

representative field plots, an exclusive algorithm calculates the total drainage output for each subarea. 

The model segments the study area into smaller areas known as calculation units (CUs). The model 

divides canals into nodes and drains into sections, linking each CU to a specific node for water intake 

and a section for drainage. Additionally, the model also considered the farmer behavior. When 

freshwater is insufficient, farmers often resort to unofficial reuse, irrigating their fields with the nearest 

available water source, such as drainage water. In contrast, official reuse involves blending drainage 

water with freshwater in specific proportions at reuse pump stations, according to drainage water quality 

and standards set by the Ministry of Water Resources and Irrigation (MWRI). This previous schematic 

representation is illustrated as in Figure 2. 
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Figure 2. Operational framework of the SIWARE model. 

 

 
Figure 3. The SIWARE simulation model and its sub-models. 

 
The SIWARE comprises four sub-models with specific inputs and outputs, as illustrated in Figure 3. 

The Design module calculates the physical dimensions of the irrigation system based on layout, areas 
served by canals, and municipal and industrial water needs, while also maintaining target water levels 
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at control structures by considering cropping patterns, irrigation schedules, and planned drainage water 
reuse. The water duty (WDUTY) module addresses agricultural conditions, factoring in crop patterns, 
irrigation schedules, soil properties and water conditions. The water distribution (WATDIS) module 
manages water allocation to main canals, autonomously selecting time steps based on discharge 
changes. The REUSE module integrates water management processes, starting with WATDIS's 
irrigation water distribution and, if the supply is insufficient for agricultural demand, uses drainage 
water to supplement irrigation as unofficial reuse. 
 
Data collection and model setup 

The input data for the model were sourced from multiple organizations. The Eastern Delta region 
was firstly divided into 115 CUs, each served by one canal and one drain, with consistent soil properties 
within each unit, as shown in Figure 4. The Ministry of Agriculture and Land Reclamation (MALR) 
furnished crop pattern data and fraction cultivated area for the Marakez in the Eastern Delta, which was 
intersected for the CUs using Quantum Geographic Information System (QGIS) to determine the 
percentage of cultivated area for CUs, as depicted in Figure 5. All crops were represented in the model 
by 15 main crop types. This number was selected by categorizing crops with similar characteristics, 
such as irrigation salinity, water ratio, crop height, soil cover, maximum ponding, and rooting depth. 
MALR also supplied water duty information for these crops. The model incorporated the total annual 
water supply to the Eastern Delta and the water quantities for canals in this study region, as provided 
by MWRI. Each canal received its allocated share based on irrigation rotations, with each month divided 
into three decades, resulting in 36 decades per year. Additionally, the Drainage Research Institute (DRI) 
provided data on the quantity and salinity of water reused officially in 2020 and 2021, which was applied 
to the model for all reuse stations in the Eastern Delta according to their respective decades throughout 
the year. The Ground Water Research Institute (GWRI) contributed data on groundwater abstractions, 
aquifer thickness, clay cap thickness, hydraulic permeability, piezometric head, and aquifer salinity for 
all CUs. Furthermore, average meteorological data over ten years, such as precipitation and evaporation, 
were directly employed in the model. Other data, including solar radiation, average temperature, relative 
humidity, sunshine hours, wind speed, and precipitation, were analyzed before being applied in the 
model to determine the maximum evaporative demand relative to crop height and the reduction factor 
for incomplete soil cover using the Rijtema approach [31]. 

 

 
Figure 2. Eastern Delta and its calculation units (CUs). 
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Figure 3. The fraction cultivated per (CUs) in Eastern Delta at calibrated year (2020). 

 

RESULTS AND DISCUSSION 

Calibration and Validation 

The model underwent calibration using the 2020 dataset as a baseline and subsequent validation using 

data collected in 2021. Simulated monthly average discharge in (m3/s) and salinity which represented 

by EC in (ds/m) were plotted and compared against observed values. The monthly average deviation 

(Av.dev.), defined by Equation 1, served as the comparison parameter between modeled and observed 

values. This performance criterion, with allowed average monthly deviations of 30% for discharge and 

50% for salinity been determined by the Steering Committee for the Reuse of Drainage Water Project 

from DRI, MWRI and Egyptian government [31, 32], assessed how well SIWARE simulated results 

aligned with drainage water measurements. 

Av.dev. = 100 ∗  
∑(𝑃𝑚−𝑃𝑐)

∑(
𝑃𝑚+ 𝑃𝑐

2
)
  Equation 1 

Where Pm and Pc are the measured and simulated values, respectively, for both discharge and salinity 

values.  

 

The calibration and validation results are displayed for the two drainage locations C.V.1, as shown 

in Figure 6, and C.V.2, as shown in Figure 7. The data reveals that, for both stations, the maximum 

average deviation during the calibration year 2020 and the validation year 2021 did not exceed 12.4% 

for discharge and 20.59% for salinity. This indicates that the average deviation at both stations remains 

within an acceptable range. 
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Figure 6. The comparison between the simulated and observed monthly average values at C.V.1 

includes: (a) discharge for the year 2020, (b) salinity for the year 2020, (c) discharge for the year 2021, 

and (d) salinity for the year 2021. 
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Figure 7. The comparison between the simulated and observed monthly average data at C.V.2 covers: 

(a) discharge in 2020, (b) salinity in 2020, (c) discharge in 2021, and (d) salinity in 2021. 

 

Effect of decreasing water allocation in the Eastern Delta on the water quantity and quality at 

reuse locations  

The average annual discharge and salinity were graphed against varying reductions in the Eastern 

Delta water quota, ranging from 5% to 50%, for the two reuse sites at Bahr El-Baqar drainage catchment 

area. The results for BBF, as depicted in Figure 8 (a), reveal that with no reduction in the water quota, 

the total dissolved solids (TDS) reach 2200 PPM, exceeding the acceptable limit of 2000 PPM as per 

Egyptian regulations for reusing drainage water under Law 48/1982 and its amendments in 2013 [27]. 

To stay within the limit, an increase of 15.8% in the Eastern Delta water quota is required. Furthermore, 

under a 50% reduction scenario, TDS sharply rises beyond 3000 PPM. Figures 8 (a) and (b) indicate 

that a 50% reduction in the water quota leads to a 36% increase in TDS and a 47% decrease in discharge. 

Both relationships are well-fitted by exponential trendlines with a correlation of determination (R2) 

almost equal to 0.98. Consequently, Equations 2 and 3 derived from these relationships can predict 

salinities and discharges, respectively, at BBF, under any reduction scenario in the water quota. (where 

x: is the percentage of reduction in water quota). 

 

𝑇𝐷𝑆𝐵𝐵𝐹 = 2198.7 ⋅ 𝑒0.006𝑥     Equation 2 

𝑄𝐵𝐵𝐹 = 59.62 ⋅ 𝑒−0.01𝑥             Equation 3 

 

  

Figure 8. (a) Relation between TDS in (PPM) and the reduction percentage scenarios in Eastern Delta 

water quota at BBF; (b) Relation between discharge in (m3/s) and the reduction percentage scenarios at 
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Similarly, for BAP, as shown in Figure 9 (a), the outcomes demonstrate that in all scenarios of the 

reduction water quota, the TDS values consistently stay below the accepted limit of 2000 PPM. 

Furthermore, the TDS value increases from 550 PPM to 640 PPM when the reduction in the water quota 

increases from 0% to 50%, respectively. The findings also indicate, as portrayed in Figure 9 (a) and (b), 

that a 50% increase in the reduction percentage of the water quota results in a 16.4% increase in TDS 

and a 45% decrease in discharge. Both relationships are almost represented by exponential trendlines 

with a correlation of determination (R2) approximately equal to 0.98. Equations 4 and 5 derived from 

these relationships can forecast both salinities and discharges at BAP under any reduction scenario in 

the water share. (where x: is the percentage of reduction in water quota). 

 

𝑇𝐷𝑆𝐵𝐴𝑃 = 554.73 ⋅ 𝑒0.003𝑥    Equation 4 

𝑄𝐵𝐴𝑃 = 4.72 ⋅ 𝑒−0.011𝑥           Equation 5 

 

  
Figure 9. (a) Relation between TDS in (PPM) and the reduction percentage scenarios in water Quota 

at BAP; (b) Relation between discharge in (m3/s) and the reduction percentage scenarios in water Quota 

at BAP  

 

CONCLUSIONS 

The SIWARE model was used to simulate the region of Eastern Delta to assess trends in water quality 

and quantity at the two crucial reuse locations, BBF and BAP, in the Bahr El-Baqar catchment area. 

The model was calibrated and validated based on the collected data related to soil type, hydrological 

characteristics, climate, and water supply in the years 2020 and 2021. The results indicate that BBF 

exhibits TDS exceeding 2000 PPM, necessitating a 15.8% increase in Eastern Delta water quota to meet 

environmental Law 48/1982 and amendments in 2013. In addition, it was found that, the A 50% 

reduction in water quota sharply raises TDS beyond 3000 PPM with a 36% increase and 47% decrease 

in discharge. The findings also reveal that the salinity at BAP consistently stays below 2000 PPM, but 

a 50% reduction in water quota leads to a 16.4% TDS increase and 45% discharge decrease. 

Additionally, equations have been developed to predict salinities and discharges for both reuse sites 

under various reduction scenarios in the Eastern Delta water quota. This can offer valuable insights for 

enhancing water management in the Bahr El-Baqar catchment area.     
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