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 INTRODUCTION  

Water has a vital role in our life that is necessary for the life survival and affects 

the socio-economic growth (Stolarska & Skrzypski, 2012). Our life depends on the 

availability and quality of water. Water pollution is a global problem that faces both 

developing and developed countries that have high rate of pollution because of economic 

growth, in addition to  its impact on the human health and environment. The continuing 

urbanization, agriculture, industrialization with increased anthropogenic activities are 

important factors of environmental pollution that affect the aquatic ecosystem (EIC, 

2009). They release a large amount of inorganic and organic pollutants such as pesticides, 

ARTICLE INFO ABSTRACT 

 

 

Article History: 

Received: Jan. 9, 2025 

Accepted: Feb. 15, 2025 

Online: Feb. 26, 2025 

 _______________ 
 

Keywords: 

Hydrodynamic, 

Water quality, 

Modeling,  

AQUASEA  

         Water has a vital role in our life and without it there is no life on earth. 

Water pollution is one of the world challenges and problems that face both 

developing and developed countries. To understand how an ecosystem is 

polluted or not, we need concrete  and deep knowledge of models of water 

quality to make fruitful directions and decisions. Water quality modeling is 

an effective tool for solving water pollution problems, saving labor’s and 

materials’ cost for many industrial developments that helps policymakers, 

scholars, and water managers for water environmental management. The 

advancements in computer science have resulted in models’ development 

for predicting the quality of water and simulating the fate/transport of 

environmental contaminants.  Up to date, hundreds of computer software 

model, including ten model types of water quality, with 1D, 2D, or 3D 

simulation have been developed. This article review describes water quality 

modeling using AQUASEA program, which is a powerful, effective 

program, and easy to be used  as finite element to solve rivers flow, tidal 

flow problems in coastal areas, estuaries, lake circulation and problems 

related to different water quality dispersion and transport of indicators. 

Various models have been implemented using AQUASEA program in 

different regions of the world. Although AQUASEA program is used in the 

most difficult models, this program is not widely used  as water quality 

model in comparison with other programs. 
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hydrocarbons, heavy metals, phosphates, nitrates, and metals into the waterbodies. 

Eutrophication occurs due to the increase of nutrients that leads to an increase in algae 

growth and other aquatic plants in ecosystem (Hussein et al., 2017). This results in a 

reduction of dissolved oxygen in aquatic environment (Yang et al., 2008; Conley et al., 

2009).  

Marine pollution is leading to major environmental changes, dangerous losses of 

biodiversity and decreased commercial yields. There are three parameters to measure 

water quality: physical, chemical, and biological parameters. The first one, physical 

parameters involve odor, taste, color, temperature, turbidity, solids, and electrical 

conductivity. The second type, chemical parameters include hardness, alkalinity, pH, 

nutrients, dissolved oxygen, and biological oxygen demand. The last one, biological 

parameters, involve algae, bacteria (Ott, 1978; Canter, 1985). To understand how an 

ecosystem is polluted or not, we need concrete  and deep knowledge of models of water 

quality to make fruitful directions and decisions. Models allow policy makers and 

decision to select from among alternative possibilities, stronger and better solutions for 

water quality management.  Water quality is modeled with different water characteristics. 

The co-relations between these characteristics are related to the processes that occur in 

the environment. Water systems managers should evolve the key processes and 

parameters affecting the water quality of local ecosystem to give improved and correct 

management decisions (Liu, 2018). Pollutants and their distributions are affected by 

immobilization and certain dynamic processes, like dispersion, advection, and diffusion. 

These processes are relevant to characteristics of water flow, effluent, inflows and 

outflows, stratification of temperature, ecosystem body, and wind stress. 

In the recent times, different models were used for simulating the quality of 

coastal waters, bays, lakes, estuaries, and other marine ecosystems (Loucks & Van Beek, 

2017). However, water quality modeling represents a challenge in the scientific 

community because of different limitations such as lack of expert user, site specific 

information, parameters, shortcomings in model calibration as well as errors in data 

reporting. However, up to date, hundreds of computer software model, including ten 

types of water quality, with 1D, 2D, and 3D simulation have developed and successfully 

applied practically in many countries. This article review represents a review of water 

quality modeling using AQUASEA program, which is a powerful and easy to use  as 

finite element to solve rivers flow, tidal flow problems in coastal areas, estuaries, lake 

circulation and problems involving dispersion and transport of different water quality 

indicators  such as temperature, salinity, DO, COD, BOD, nutrients and other parameters 

in aquatic environment. 
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 OVERVIEW OF WATER QUALITY MODELING 

1. Why model? 

Water quality management is an essential component of comprehensive 

environmental management of water resources to track water quality changes and solve 

environmental pollution problems (UNESCO, 2005). Water quality modeling is used to 

compute and predict the changes in the aquatic environment, analyze any existing 

phenomena, identify the sources of pollution, know the history of contaminant transport, 

determine when an incident could begin, or when contaminants could reach a certain 

level in a specific ecosystem and reasons of environmental deterioration of water quality 

in a particular ecosystem, as well as selecting better methods for sustainable development 

(Zheng & Gordon, 1995; Chapra, 2008; Stolarska & Skrzypski, 2012). Models are 

tools to support decision for simulating pollutants dispersion in waterbodies and assess 

their hazards (Chapra, 2008; Wang et al., 2013). To control the source of pollution or 

change the flow pattern, the distribution of contaminants in the future must be calculated 

either under current circumstances or with engineering interference.  

2. Development of water quality modeling 

Since its invention in the early years of the twentieth century, water quality 

models have developed significantly. As shown in Fig. (1), this development can be 

broken down into four main stages. These stages relate to the computational abilities that 

were available during each stage and to societal concerns.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Fig. 1. Development of water quality modeling (Chapra, 2008) 
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         This innovation began in Streeter and Phelps' 1925 work on the Ohio River. This 

and subsequent phases were conducted to determine DO levels in estuaries and streams 

(O’Connor, 1967). Moreover, models of bacteria were also applied. No availability of 

computers in this era led to close model solutions. This means that computer applications 

were only limited to simple geometries of areas, linear kinetics and steady state water 

receiving conditions. In the 1960s, the first stage of development of modern practices 

began with the discovery mainframe computers. In the late 1980s, successful 

development stages were evolved by the availability of computer desktop. Additionally, 

in the mid to late 1990s to the present, Windows operating systems improved, and the 

internet have been driven. Water quality models made great progress from single 

parameter to multi-parameter water quality, from point source model to coupling point 

and non-point sources, from steady state to dynamic model, and from zero-dimensional 

mode to ID, 3D and 3D models (Xu & Lu, 2003; Wang et al., 2011) (Table 1).  

Table 1. The versions and characteristics of water quality models (Ejigu, 2021) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Development of water quality modeling (Chapra, 2008) 
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3. Types of water quality modeling 

Water quality models are divided into optimization and simulation models (Fig. 2). 

3.1 The optimization models  

The optimization model is a mathematical method and a powerful tool, used in 

various fields to find the best solutions to problems from a set of possible choices, 

considering certain limitations and objectives and divided into linear, non-linear, and 

dynamic programming model (Bowen & Young 1985; Kirchner et al., 1993; Lee & 

Howitt, 1996; Zoppou, 2001). 

3.2 The simulation models  

Simulation models were used to design general changes in water quality due to 

pollution and divided into a physical and mathematical model. A physical model is 

designed to get results that is related to the real system, while a mathematical model is a 

set of equations that can be solved numerically (Ji, 2008). Mathematical models are 

divided into statistical/empirical or mechanistic models, depending on the process; but 

depending on the type of data such as deterministic or stochastic, as well as the level of 

presentation as aggregated or distributed. The types of solutions are numerical or 

analytical.  

 

             Furthermore, models can be classified into (1D) one-dimensional models, (2D) 

two-dimensional models, and (3D) three-dimensional models. The first is the simplest 

and most widely used in river water quality analysis, which determines only water quality 

indicators along the longitudinal profile of the stream and based on measuring the inflow 

and outflow load concentrations of water parameters but cannot take into account the 

variation of concentrations over time. Therefore, these models cannot give monthly, 

weekly, hourly and daily information about specific water parameters and do not describe 

the complex physical, chemical and biological interactions that are an important factor in 

the aquatic environment. The advantage of these models is that they can be quickly used 

in other aquatic environments using a small available database and without validation. 

(Balcerzak, 2000). 2D models, which designated to analyze water quality at various 

depths and determine changes in the longitudinal profile of a stream, require more data 

and extensive experience of the user than one-dimensional models. These models are 

used in coastal areas, bays, rivers, and lakes, which require precise calibration and 

sensitivity and can provide annual, monthly, weekly, hourly and daily information on 

specific water quality parameters. 3D models require extensive experience from the user 

and huge amounts of data and can be used for predicting the changes such as coastal 

water, sea, bays, lakes, deep rivers, and dams.  
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Fig. 2. Classifications of water quality model (Sharma & Kansal, 2013) 

4. Modelling fundamentals and basic equations  

The modelling fundamentals and basic equations for flow- water quality model are: 

• Thermodynamic first law (energy states conservation) 

• Models of Mass balance (mass states conservation)  

• First law of motion for Newton (conservation of momentum states)  

5. Used techniques for solving basic equations 

The techniques used to solve the differential equations are: 

• The analytical solution, which is reached after simplifying the mathematical 

equations. 

The simplifications which depend on numerical techniques used to solve the 

equations. 
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• The numerical solution: depends on the kind of system. Differential equations are 

converted to algebraic equations using difference estimations - Runge-Kutta 

method and others. 

6. Data and parameters for water quality modeling 

Modeling requires data and information to predict the current and future water 

quality of environment (Grimsrud et al., 1976). The required input data can be obtained 

from the literature, directly determined in the field, organizations, or measured through 

calibration method (Liu, 2018). Data should be available and accurate to be used for the 

management of water quality (Loucks & Van Beek, 2017). Input data that may be 

relevant to water quality modeling include bathymetric, flow data, initial concentrations, 

baseline and boundary conditions, pollution source, the geometry of the waterbodies, 

flow characteristics, kinetic parameters, time, calibration (Kayode & Muthukrishna, 

2018(. Moreover, the input data depends on ecosystems (river, bays, lake, coastal area 

etc.), the expected objectives, available data and models applied for simulation. The 

water quality of ecosystem can be characterized by different physical, chemical, and 

biological indicators like turbidity, temperature, dissolved minerals, PH, Mg, Na, K, Ca, 

bicarbonates, salinity, suspended solids, COD, nutrients, chloride, DO, BOD, heavy 

metals, bacteria/ coliforms, algae concentration, suspended sediment, sulfates, and others 

(Liu, 2018). The outcomes of modeling will be compared with the measured data. If there 

is the best match between predicted parameters and measured ones, the values of model 

parameter may be selected for advanced modeling. 

7. Water quality models creation  

Modeling framework of water quality in marine coastal water, lake, river, stream, or 

reservoir involves two main steps: 

• Water flow simulation is performed to generate clear picture of movement of 

water while validating the model. This includes hydrological simulation of water, 

stream flow surface runoff, average depths, average velocities, wind speed and 

wind directions, etc. 

• Water quality simulation of the ecosystem with validation method involves 

simulating pollutants, taking into account the mechanism of transformations and 

reactions, self-purification capability, mass exchange between the atmosphere and 

water, mass exchange between water and benthos are also considered.  

8. Model selection and overview of modeling process  

Selection of water quality models depends on various criteria like availability of 

data, complexity of model, simulation abilities, type of waterbody, ease of access to the 

software source code, good certification of the model, applicability of the model, 

familiarity, support, and cost that are also used for selection appropriate models (Kayode 

& Muthukrishna, 2018). A lot of high-quality water models are not updated to include 

the modern technology and are not widely used. It is important to evaluate the quality of 
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water to determine the most suitable models. Around the world, various models are 

widely used and have limitations and advantages. In general, overview of modeling 

process are shown in Fig. (3). 

 

 

 

             The process of modelling should always begin with a planning phase where the 

model and information availabile should answer the questions (Fig. 4). Assumptions are 

made if the data are not sufficient into the model. Calibration process occurs and is 

repeated. 

             Model outputs typically answer questions about data gaps that allow researchers 

to focus their interest on specific data, as well as testing possible future scenarios by 

following calibration. Model results should be carefully analyzed and accurately reported.  

 

 

 

 

 

Fig. 3. Overview of modeling process 
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Fig. 4. Steps of modeling process (IWRMD, 2010) 

 

3. OVERVIEW OF THE AQUASEA PROGRAM 

 

AQUASEA is a software designated in 1982 to solve two-dimensional water 

flow-transport equations utilizing the method of Galerkin finite element. Since 1992, this 
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software has been continuously updated and applied worldwide to various challenging 

modeling problems. Latest version of AQUASEA runs in Windows 95/98/2000/NT and 

has been compiled and configured to give maximum efficiency in model set up. 

AQUASEA windows environment provides a multi-platform capability and interface 

compatible with an industrial standard for future developments (VCE, 1998). There are 

two types of models in AQUASEA; first: hydrodynamic flow model that predicts water 

flows and water levels as response as forcing function in estuaries, bays, lakes, coastal 

ecosystems. The flow and water levels are calculated from bathymetry information, 

coefficients, bed resistance, boundary conditions, wind speed and direction. The 

equations controlling water flow model are called equation of continuity and the 

momentum equations. Second model is the Transport-Dispersion Model that predicts the 

dispersion of a substance in the ecosystem. Substance may be non-conservative or 

conservative, organic or inorganic salt, dissolved oxygen, heat suspended sediment, 

nitrogen, phosphorus, TDS, TSS, and others. The equation of transport given by Kolar et 

al. (1994) was used as follows: 

 

 

  

 

 

 

 

 

1 AQUASEA features 

• Mesh is automatically generated. 

• Condensation of local and global mesh and creating an independent nested model 

from the main model domain using the sub-mesh facility 

• Variable depth, wind speed, wind direction, bottom friction mixing depth, and 

dispersion coefficients. 

• All important information like boundary conditions, sources are transformed to 

the nested model automatically. 

• The model transport of contaminant is fully integrated with the model flow using 

the same input and output data. 

• Time varying tidal boundary conditions and wind, also sources varying time are 

accepted.  

https://www.environmental-expert.com/software/aquasea-426835
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• At any time, a model can be changed. Boundaries of the model can be contracted 

or expanded, by removing or adding the nodes also sub-models can be generated 

easily within the model. 

• Output of all results, flow arrows, contours, and time series can be represented 

graphically. 

• Without further knowledge of output and input data, AQUASEA can be used. 

• Time step is automatically refined during calculation. 

• Result can be directly transferred to Excel, Grapher and Surfer (CSV-format). 

2.  Examples and applications of AQUASEA  

• Circulation in lakes 

• Water quality model such as temperature, salinity, DO, COD, BOD, nutrients, 

Turb, TH, TN, EC, As, TP, FC, Ca, Mg, Cl-, SO4
-- 

• Tidal flow in coastal areas and estuaries  

• Transport of sediment, TDS, TSS 

• Heat transport from nuclear power plants 

• Tidal inlets flow  

• Wastewater outlet’s location (decay of bacteria) 

• Flow through bridges 

3. Model setup using AQUASEA program 

The steps of hydrodynamic-water quality model developing are shown in Fig. (5). 

The model consists of input, simulation, output, validation, and application of different 

scenarios. Input data involve geometry, bathymetry of ecosystem, (inlets and outlets) 

source point of discharge, physical, chemical, and biological water quality parameters, 

open boundary etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Next steps 

represent model development using AQUASEA software. 

Fig. 5. General modeling and simulation  

 

https://www.environmental-expert.com/software/aquasea-426835
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3.1. Grid development 

Aquatic environment bathymetry as DXF files (UTM) was generated by GEBCO 

Digital Atlas or Surfer program (Fig. 6).  The ecosystem is classified into small regions as 

finite elements containing different nodes (Fig. 7b). The mesh was designed by inserting 

nodes manually on different triangular structure. The mesh consists of different triangles 

(Fig. 7c). Triangles in the mesh are elements that calculations have carried out. Boundary 

and closed internal boundaries are generated by inserting nodes. The inner parts of the 

area in the mesh should be denser than open external boundary with nodes. The external 

boundaries are defined as ‘no slip’u = v = 0 for solid surfaces (Fig. 7a). Nodes at the 

boundary can be set as sinewave/fixed values, indicating flow discharge and a source/sink 

at nodes in boundary area indicates flow boundary conditions (Kolar, 1994). 

 

Lake Burullus 

Fig. 6. Designation of bathymetry of water body (for example Lake 

Burullus) using contouring surfer 12 program 
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Fig. 7. Water environment grid with locations of discharges (a: open 

boundary, b: nodes, c: mesh  (El-Naggar & Rifaat, 2022) 



2710 
Naglaa El-Naggar, 2025 

3.2 Defining parameters and substances  

Model setups require various data and information to determine input or boundary 

conditions and are required for validation. The measurements include: 

➢ Flow discharges (m3/s) that specify the water outflow and inflow in the aquatic 

environment. 

➢ Flow direction, cross section area (m2), water depth; wind speed and direction, 

Chezy coefficient, period of sinusoidal forcing 

➢  Basic physical parameters: such as temperature and salinity  

➢ Chemical Parameters: such as DO, pH, nutrients, etc. 

The time step must be selected, and Surfer Golden Software was used to represent 

AQUASEA model output.  

3.3 Model validation 

Various monitoring data are necessary to set up and validate the model to simulate 

hydrodynamic-water quality modeling in accurate. By trial and error, all constants must 

be calibrated according to these data. Monitoring data were plotted against model data 

output for comparison during the validation process. 

3.4 Application of scenarios to control pollution 

Testing different scenarios to control pollutions and asses different engineering 

solutions in aquatic environment is the final step of the model.  

 

SURVEY OF WATER QUALITY MODEL USING AQUASEA PROGRAM 

 

 

From the literature survey, different models have been implemented using 

AQUASEA software in various area of the world and summarized, as shown in Table (5).  

Although the latest version of AQUASEA runs in Windows 95/98/2000/NT, processor 

166 MHz, hard disk 250 MB and RAM 32 MB, AQUASEA program has been applied 

worldwide in the most difficult models and was a powerful and easy to use finite element 

method to solve flow tidal flow problems in estuaries and coastal areas, lakes circulation 

and problems related to dispersion and transport of mass, heat, suspended sediments,  

salinity, temperature, DO, COD, etc.   

In the AQUASEA models, data from flow model are fed into transport model and 

are run dependently of one another. This is especially the common of models for water 

environments. Although AQUASEA includes hydrodynamic flow and  transport-

dispersion models which predicts the spreading and transport of a material in ecosystem 

under the effect of  water flow and transport processes, previous studies indicated that 

water quality models by AQUASEA software is little in comparison with other programs 

(Lee-Lee & Hock-Lye, 2003; Kjaran et al., 2004; Al-Rabai’ah, 2008, 2010; 

Touchinski, 2010; Irtem et al., 2011; Rifaat & El-Naggar, 2013; El-Naggar et al., 
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2016; El-Naggar & Rifaat, 2017; El-Naggar & Rifaat, 2022), as shown in survey in 

Table (2).  

Table 2. Some survey of water quality model using AQUASEA program  
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Water quality models are constantly in development. The primary interest is giving 

a correct reality picture in practical applications by improvement of the models and 

making their applications more and more efficient and helping experts in managerial 

decisions. Therefore, numerous efforts have been done for developing the equations 

related to pollutant transport to give accurate easy methods to handle by computer 

facilities. It is expected that significant progress in the use of the finite element method 

will help better represent the difficulty of the geometry of water environment and the 

development of 2D and 3D models which 1D model cannot give a sufficient answer to 

several problems of large water environment that is affected by pollutant concentration 

and surface plumes. Although AQUASEA has not been updated since 2000, it is expected 

that results of flow and water quality modeling using AQUASEA program support 

different physical and biological assessments like flood control, sediment transport, 

terrestrial and aquatic species, and support economic analyses on the expected costs of 

project for new plan alternatives. However, some water quality models are siloed and not 

adapted with computer technologies like interfaces and programming languages etc. 

Therefore, it is expected that these programs will become promising and reliable in the 

future if they are developed. Therefore, there are effective water quality programs such as 

Delft3D which is adapting with computer technologies and can be used to study the water 

quality dynamics of the marine environment.  
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CONCLUSION 

Water quality modeling is of scientific value and great environmental interest for 

scholars, beachgoers, designers, stakeholders, and coastal managers. It is the best tool for 

keeping the quality of water and simulating the dispersion of contaminants that are one of 

the essential matters of the current problems for environment. The advancements in 

computer science have resulted in advanced models for predicting and simulating water 

quality and the fate/transport of environmental contaminants. This review features 

evaluating water quality models using AQUASEA program. Different models have been 

implemented using AQUASEA program in different regions of the world. AQUASEA 

model is an effective tool for the simulation of hydrodynamic-water quality to find 

solutions for pollution problems in marine environment. Although AQUASEA program 

is used in the most difficult modeling, this program is not widely used  as water quality 

model in comparison with other programs. We recommend, in order of priority: 

1. AQUASEA program should be periodically upgraded. The latest version of 

AQUASEA runs in Windows 95/98/2000/NT, with a processor 166 MHz, hard 

disk 250 MB, RAM 32 MB. 

2. Automatic calibration of numerical model in most water quality programs should 

be recommended because they do not have this feature, and the calibration 

method is often performed manually. 

3. AQUASEA software should be widely used as water quality model, as previous 

studies indicate that water quality models by AQUASEA software is little in 

comparison with other programs. 

4. There are other effective water quality programs that are adapting with computer 

technologies and these should be used instead of AQUASEA program. These 

programs are simpler and more easily understood, applied, and their results are 

expected to influence the future such as Delft3D that is the same as AQUASEA, 

but is more developed and modified. 
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