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 : ٍِخض اٌثؽس

٠ؼرثش الاعرخذاَ اٌّشرشن ١ٌٍّاٖ اٌغطؽ١ح ٚا١ٌّاٖ اٌعٛف١ح ِظذس ا٘رّاَ ػاٌّٟ تغثة ِؽذٚد٠ح اٌّٛاسد اٌّائ١ح ٚاٌض٠ادج 

٘زٖ اٌذساعح الاعرخذاَ اٌّشرشن الأِصً ١ٌٍّاٖ اٌغطؽ١ح  ػشفد .اٌّغرّشج فٟ اٌطٍة ػٍٝ ا١ٌّاٖ تغثة إٌّٛ اٌغىأٟ

( ػٓ ؽش٠ك اعرخذاَ ّٔٛرض ٞ تم٠ٛغٕا )اٌّذ٠ش٠ح اٌؼاِح ٌٍّٛاسد اٌّائ١ح ٚاٌشٞ تإٌّٛف١حٚا١ٌّاٖ اٌعٛف١ح ٌٕٙذعح اٌش

لًٍ ّٔٛرض اٌرؽغ١ٓ ِٓ إظّاٌٟ إِذاداخ ا١ٌّاٖ ِٓ ا١ٌّاٖ اٌغطؽ١ح ِغ اٌؽفاظ ػٍٝ وفا٠ح إِذاداخ ا١ٌّاٖ ،  ذؽغ١ٓ.

ٚالأؼثاط ، ٚإظّاٌٟ ذذفك ا١ٌّاٖ اٌغطؽ١ح ٚاٌغؽة اٌّغّٛغ تٗ ِٓ ا١ٌّاٖ اٌعٛف١ح اٌؼؽٍح ، ٚاٌمذسج اٌرظ١ّ١ّح ٌٍرشع 

ٟ٘ أداج  GA أظٙشخ إٌرائط أْ ذم١ٕح .ذُ ؼً ّٔٛرض اٌرؽغ١ٓ تاعرخذاَ ذم١ٕح اٌخٛاسص١ِاخ اٌع١ٕ١ح. ػٕذ ِذخً إٌٙذعح

 .فؼاٌح ٌؽً ّٔارض اٌرؽغ١ٓ فٟ ِعاي إداسج ا١ٌّاٖ

Abstract: 

 

The conjunctive use of surface water and groundwater became a worldwide concern due 

to limited water resources and the continuous increase in water demands due to the population 

growth. This study defined the optimal conjunctive use of surface water and groundwater for 

Quesna irrigation district (El-Monofiya irrigation directorate) using an optimization model. 

The optimization model minimized total water supply from surface water while maintaining 

water supply sufficiency, the allowable withdrawal from shallow groundwater, the design 

capacity of canals and reaches and the available surface water flow at the head of the district. 

The optimization model was solved using Genetic Algorithms (GA) technique. The results 

showed that the GA technique is an efficient tool for solving optimization models in water 

management field.  
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1. Introduction 

Water is one of the most important inputs for the sustainable development of economic; 

the importance of water increases as a result of the increase of water demand, El Bedawy 

(2014). Burt (1964) introduced conjunctive water use concept and he suggested considering 

surface water and groundwater as two elements of an integrated water system instead of being 

separated elements. Singh (2014) reviewed applications combination of simulation and 

optimization models for the conjunctive use planning and management of surface water and 

groundwater resources for sustainable irrigated agriculture. Soleimani et al. (2021) reviewed 

(1) hydrologic models applied for the simulation of GW-SW interaction in the water resources 

systems, (2) conventional optimization methods, and (3) published works on optimized 

conjunctive GW-SW use by coupling simulation and optimization methods. Dalla Porata et al. 

(2019) assessed allocation of economic water and the potential of SW-GW conjunctive use 

operations using a hydro-economic model for the scarcity and scarcity cost evaluation at an 

irrigated agricultural region in Southern Brazil. Song et al. (2020) proposed a multi-objective 

optimization framework for the integrated management of surface water and groundwater and 

demonstrated its validation through a spatial optimization of water use practices for 

agricultural irrigation in YB basin in northwest China. K. Jha et al. (2020) combined a 

groundwater-flow simulation model and two optimization models to develop optimal 

reconnaissance-level water management strategies. The optimization models were applied to 

part of the Mahanadi River basin groundwater system in Odisha State, India. 

Over the last decades, genetic algorithms (GAs) have been extensively used as search and 

optimization tools in various problem domains. The concept of a genetic algorithm was first 

introduced by John Holland of the University of Michigan, Goldberg (1989). GA's population 

approach causes that GA has been extended to solve search and optimization problems 

efficiently, including multimodal, multiobjective and scheduling problems, as well as fuzzy-

GA and neuro-GA implementations, Deb (1999). 

GA is one of a class of algorithms that searches a solution space for the problem optimal 

solution, through creating a ―population‖ and lets them ―evolve‖ over multiple generations to 

find better solutions. The fitness of an individual is a measure of how ―good‖ the solution 

represented by the individual is, Thede (2004). 

Optimization models are normally used to enhance the conjunctive use of surface water 

and groundwater. Genetic Algorithms (GA) are efficient tools to solve such optimization 

problems. 
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2. Model Formulation 

The object function of the conjunctive use model is to minimize total water supply from 

surface water while maintaining water supply sufficiency, the allowed withdrawal from 

shallow groundwater, the design capacity of canals and reaches and available surface water at 

the head of the district. 

The study's Optimization model is as follows:  





NOO

O

NII

I QQz  

Subject to: 

WSCH ≥ WRCH  

 AWACH ≤ PWACH 

 QC ≤ QDC 

TOFTIFQs
TCHCH

CH 


  

Where  

Q
I 
= the inflow from any point to the irrigation district 

Q
O 

= the outflow to any point out of the irrigation district 

NI
 
= the total number of inflow points, 

NO
 
= the total number of outflow points  

WS
CH 

= the water supply to any catchment 

WR
CH 

= the water requirements at any catchment,  

AWA
CH 

= the actual groundwater abstracted at any catchment 

PWA
CH 

= the permissible abstraction from shallow groundwater at any catchment  

Q
C 

= the flow at any reach of the irrigation system,  

QD
C 

= the design flow of any reach of the irrigation system,  

QS
CH 

= the surface water supply to any catchment,  

TIF
 
= the total inflow to the irrigation district, and  

TOF
 
= the total outflow from the irrigation district. 

 (1) 

(5) 

 (3) 

 (2) 

 (4)  
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The model has two decision variables: the flow at different reaches of the district and the 

average operation hours of the groundwater wells at different catchments. 

The model was solved using the Genetic Algorithm (GA) technique, which is a suitable tool 

for this model. In the current study, GA used the real representation to represent different 

strings. Binary tournament selection, blend crossover and random mutation were used in for 

different GA steps. Penalty function was used for handling the constraints. Penalty functions 

has different techniques. In the current study, Additive Static Penalty (ASP) was used. In ASP 

the amount of constraint violation is multiplied by penalty coefficients and added to the fitness 

value. 

The fitness value is calculated as follows: 


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Where: 

F= the fitness value 

n1, n2, n3, n4 = coefficients 

3. Model application 

Quesna irrigation district (El Monofiya directorate) is selected for the model application. 

The district area is about 57058 feddan. The district boundaries are the Damietta branch from 

east and south sides, El-Bajour irrigation district from the west side and Berkt El-Sabee 

irrigation district from the north side. The dependence on shallow groundwater for irrigation is 

common in the district, and there are about 1530 authorized groundwater wells. Therefore, 

Quesna irrigation district is a suitable place to study the conjunctive water use and to optimize 

the water allocation from surface water and groundwater sources. 

Model application was performed during July month as it represents the highest 

consumption period of irrigation water. 

(6) 
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Fig. 1 Irrigation network, drainage network, and private wells in Quesna irrigation district 

The following steps were followed to apply the model: 

- The canals were divided into 38 reaches, 

- The district command area was divided into 29 catchments according to reaches' 

command areas, 

- Water requirements were calculated for every catchment using remote sensing 

information and MATLAB program. 

- Canal capacities were calculated based on Manning equation for each reach 

- Groundwater wells' number were collected for each catchment 



26 
 

- The discharge for each groundwater well (25 l/s) and groundwater wells' operation 

hours (between 0.5 and 13.0 h/day) were determined through a survey and 

Questionnaire samples. 

- The surface water discharge at the head of the district was monitored and its average 

was 22.5 m
3
/s during July month. 

4. Results and discussion 

 

The characteristics of GA were as follows:  

The population has 100 strings;  

The model was run for 100 generations; 

Additive Static Penalty (ASP) was used to handle the violation of different constraints; 

Values for crossover probability, crossover range and mutation probability were 0.6, 0.7 and 

0.01 respectively. 

Fortran 90 language was used to develop the model. 

Figure (2) presents the evolution during consecutive generations due to GA process. 

Average fitness decreased gradually from 25.65 in the first generation to 15.21 in the last 

generation indicating the ability of GA to drive the problem to the optimal or near optimal 

solution. In the final solution, minimum fitness value was 14.67, while average fitness value 

for all strings was 15.21. This included water supply from surface water and groundwater, 

where there are no violations of any constraints for minimum fitness value. In the figure, 

average fitness was very close to minimum fitness value meaning that most of the strings were 

close to the minimum (optimal) value with some odd values due to the nature of evolutionary 

approaches.  

Regarding the reliability of the solution, most of the strings in the last generation satisfied 

the four constraints. In the last generation, 99%, 91%, 92% and 100% of the strings satisfy the 

first, second, third and fourth constraint, respectively.  

Considering the best (minimum) solution in the last generation, total water supply from 

both sources (surface water and shallow groundwater) was 27.28 m3/fed/day (14.67 m3/sec). 

From table (1), total water supply exceeded total water requirements by 1.02 m3/fed/d (3.9% 

of total water requirements). Water supply values exceeded water requirements values for all 

catchments. The ratios were between 0.01% and 16.45%. Excluding one low ratio (0.0%), the 

contribution of shallow groundwater for different catchments was between 1.6% and 67.6% of 

total water supply. Total water supply from groundwater constituted 32.7% of total water 

supply to the district.  
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Fig. 2 Maximum, minimum and average fitness values for all generations 

Table 1 Water Requirements and Water supply for catchments at the best solution 

No Water 

requirements 

(m
3
/fed/day) 

Water supply (m
3
/ fed /day) No Water 

requirements 

(m
3
/ fed /day) 

Water supply (m
3
/ fed /day) 

Surface water Groundwater Surface water Groundwater 

1 29.97 20.48 14.42 16 27.20 26.94 0.43 

2 27.90 29.98 0.00 17 27.37 15.40 13.10 

3 26.67 23.34 4.24 18 27.06 16.40 12.57 

4 28.09 21.30 8.30 19 27.13 23.30 7.54 

5 26.05 8.85 17.58 20 25.76 21.35 5.77 

6 26.00 19.66 7.05 21 27.46 13.02 16.28 

7 22.44 12.66 11.51 22 27.67 14.17 13.69 

8 27.54 21.27 7.16 23 24.50 13.90 12.50 

9 26.44 20.47 6.55 24 25.99 15.41 10.99 

10 24.52 18.72 5.80 25 25.67 11.96 13.75 

11 26.94 18.48 8.47 26 26.99 17.48 9.77 

12 26.16 9.83 17.29 27 26.64 8.94 18.23 

13 27.92 27.50 1.16 28 25.39 17.85 7.75 

14 23.64 25.97 0.00 29 25.52 16.69 11.13 

15 25.15 8.39 17.48     
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Flow values in different reaches in Quesna district were between 0.025& 13.44 m
3
/s. 

considering total served areas of these reaches, relative water supply values were between 

8.39 m
3
/fed/day and 31.81 m

3
/fed/day. In the catchment served by the canal with minimum 

relative water supply, the contribution of groundwater was 67.6%.  

Table 2 Total served areas and total discharge at different reaches in Quesna district 

 

Canal name Total served area (fed) TQc (m
3
/s) Canal name Total served area (fed) TQc (m

3
/s) 

Mesharf 8222.96 1.523 El-Khadraweia 1 24700.00 5.146 

Alma 67.47 0.025 El-Khadraweia 2 23385.84 4.872 

El-Eshren 755.30 0.170 Om Wahab 494.05 0.073 

Bambah 1939.76 0.188 El-Arbeen 487.91 0.127 

El-Shalaby 1240.00 0.192 Quesna 4296.50 0.742 

El-Nasraniya 3061.21 0.546 Waslet Shamandel 239.77 0.040 

El-Kashef 1814.23 0.253 Waslet El-Azamy 317.92 0.071 

Habosa 316.17 0.046 Waslet El-Khaderat 148.49 0.028 

Mit Bera 64500.00 13.437 Waslet Saleim 627.46 0.061 

Om Ahmed1 3366.00 0.505 Begerem 1928.31 0.407 

Om Ahmed2 2140.88 0.243 Gohr El-Diba 798.97 0.085 

Ibrahim Afandy2 8431.22 1.770 Damhoug 800.01 0.131 

Ibrahim Afandy1 1423.39 0.385 EL-Sahel 1 25450.00 5.302 

Masraf Abo-Zeid 483.76 0.090 EL-Sahel 2 24432.76 5.090 

Om Shereif 5776.18 1.073 El-Laimoneya 1577.50 0.319 

El-Hag Mosa 2981.58 0.535 Ghalaba 1155.76 0.174 

Bahr El-Feqy 1258.09 0.202 Shobra Bkhoum 1284.97 0.229 

Masraf Shamandel 654.53 0.095 El-Atf 33300.00 6.937 

Taymour 419.66 0.065 Mit El-Qasry 1558.12 0.420 
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Fig. 3 Relative water supply for different reaches in Quesna irrigation district 

5. Conclusions 

This study investigated a model to optimize the conjunctive use of surface water and 

groundwater at irrigation district level. The optimization model minimizes total water supply 

from surface water while maintaining water supply sufficiency, the allowed withdrawal from 

shallow groundwater, the design capacity of canals and reaches and the available surface 

water flow at the district head. The decision variables for the model were the flow at different 

reaches of the district and the average operation hours of the groundwater wells at different 

catchments. The model was solved using Genetic Algorithm (GA) technique. Additive Static 

Penalty (ASP) is the study's constraint handling technique. The study was applied for Quesna 

irrigation district in Menofiya irrigation directorate, Egypt.  

The results of the current study illustrated the ability of Genetic Algorithm to solve the 

optimization problems for the conjunctive use of surface water and groundwater, where the 

contribution of Groundwater discharge during July month was 32.7% of total water supply, 

which was close to the average estimation in the district.  

 The study recommends continuing the effort in such field while combining the 

optimization models with the simulation models to enhance water management strategy in 

different irrigation districts / directorates. 
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