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In this study, a comprehensive 2D hydrodynamic model, integrating HEC-RAS with the 

Water Quality Analysis Simulation Program (WASP), was developed to assess the water 

quality and eutrophication levels of the Shatt Al-Arab River in Basrah, southern Iraq. The 

Shatt Al-Arab River, as the primary water source for Basrah province, features numerous 

branches along its course, necessitating a detailed analysis of its water quality dynamics. 

The focus of this investigation was to simulate the river's behavior through a model 

encompassing a seven-branch network within Basrah city. Employing the EUTRO 

module, the model simulated key state variables, namely temperature (T), ammonia 

(NH3), nitrite/nitrate (NO2/NO3), organic nitrogen (ON), total phosphorus (TP), inorganic 

phosphorus (IP), phytoplankton (PHYTO), dissolved oxygen (DO), and carbonaceous 

biochemical oxygen demand (CBOD), over a four-day period. The model's outcomes 

revealed significant fluctuations in the concentrations of ON, NH3, NO3, organic 

phosphorus (OP), IP, and CBOD at the Basrah Center site, attributed primarily to point 

source pollution from the river's main branches. Furthermore, the tidal influences were 

observed to significantly impact the concentrations of these state variables. Notably, the 

Shatt Al-Arab River exhibited a mesotrophic state throughout most of its course, 

indicating a moderate level of productivity. This finding is crucial for understanding the 

river's ecological status and for guiding effective water management strategies. In-depth 

analysis of the model's results offers valuable insights into the river's water quality 

dynamics, highlighting the significant impact of local anthropogenic activities and natural 

tidal phenomena on nutrient concentrations and overall river health. These findings are 

instrumental for environmental planning and management in the region, particularly in 

addressing eutrophication and its associated challenges. The study underscores the need 

for integrated hydrodynamic and water quality modeling to effectively manage and 

preserve vital water resources in riverine ecosystems.  
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1. INTRODUCTION

Surface water ecosystems, characterized by their intricate 

interplay of hydrodynamic, chemical, and biological attributes, 

encompass a diverse range of elements including water depth, 

flow velocity, suspended solids, dissolved oxygen, nutrients, 

and the biotic community inhabiting both pelagic and benthic 

zones. It has been observed that these ecosystems face 

numerous challenges, notably due to population growth, 

suboptimal land use planning, and pollutant influx from 

agricultural, residential, and industrial sources, which 

collectively contribute to their vulnerability and degradation 

[1, 2]. Notably, the introduction of pollutants through 

agricultural runoff, industrial effluents, and untreated sewage 

is identified as a primary cause of water body contamination, 

engendering adverse effects on human health and aquatic life 

[3, 4]. The role of surface water modeling is pivotal, extending 

its applications to predicting storm and flood impacts, and 

deciphering the dynamics of marine ecosystems [5]. Crucially, 

this modeling underpins the formulation of water management 

strategies, employing mathematical equations and 

computational algorithms to simulate water movement and its 

interactions with various environmental agents, including 

wind, waves, currents, and tidal forces. The complexity of 

integrated modeling surpasses that of conventional approaches, 

with key challenges encompassing data scarcity, bathymetric 

information, model parameterization, and computational 

demands [6]. 

Diverse water flow characteristics profoundly influence the 

distribution of temperature, nutrients, and dissolved oxygen, 

along with the dispersion of sediments, pollutants, and algae. 

The implementation of a hydrodynamic model, as facilitated 

by HEC-RAS, is essential for enhancing the precision and 

efficacy of sediment, toxic substance, and eutrophication 

models. It provides critical data on various facets, including 

water velocities, circulation patterns, mixing and dispersion 

phenomena, water temperature, and density stratification. 

Therefore, a comprehensive understanding of a water system's 

hydrodynamic characteristics is imperative before delving into 

investigations of sediment transport, toxicity, and water 

quality. Developed by the Environmental Protection Agency 

(EPA), WASP is adept at simulating a wide spectrum of 
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contaminants and temperatures within multi-dimensional 

geometries of rivers, estuaries, lakes, and reservoirs. Primarily 

designed for water quality simulation, WASP's latest iteration 

facilitates integration with other hydrodynamic models to 

concurrently model both hydrodynamics and pollutant 

movement. A notable application was observed when Taipei 

University of Science and Technology effectively merged 

WASP with the HEC-RAS hydrodynamic model [7]. 

Literature reveals WASP’s proficiency in modeling transport 

in rivers, often in conjunction with various hydraulic 

evaluation tools to simulate water quality through external 

linkage with hydraulic models for flow data. 

Several instances illustrate this integration's efficacy. Wool 

et al. [8] employed the Environmental Fluid Dynamics Code 

(EFDC) to examine the complex three-dimensional 

hydrodynamics of the Neuse River Estuary in North Carolina, 

USA. Here, WASP was instrumental in predicting nutrient 

cycling, eutrophication, and DO dynamics. The water quality 

model was further utilized to evaluate Total Maximum Daily 

Load (TMDL) scenarios. Despite the absence of chlorophyll, 

a (chl a) readings exceeding the 40 mg/L threshold from 1998-

2000, instances of fish mortality were recorded. Ernst and 

Owens [9] combined SWAT and WASP to simulate chl a and 

TP levels in Cedar Creek Reservoir, Texas, influenced by 

watershed dynamics, nine wastewater treatment plants, and 

atmospheric loading. An 11-year TP mass balance indicated 

that the majority (87%) of TP originated from nonpoint 

sources, with wastewater treatment plants (WWTPs) 

contributing 7%, sediment flux 3%, and atmospheric 

deposition 3%. Fan et al. [10] assessed the water quality of a 

tidal river in northern Taiwan by integrating Qual2K with 

HEC-RAS. Their findings suggested that HEC-RAS-enhanced 

Qual2K simulations, accounting for tidal effects, yielded water 

quality indices aligning closely with the river's monitoring 

data. 

Quijano et al. [11] coupled EFDC with WASP for three-

dimensional simulations of hydrodynamics and water quality 

in the Chicago River during storm events, analyzing the 

impact of combined sewer overflows for varying storm 

periods. Defne et al. [12] utilized the Regional Ocean 

Modeling System (ROMS) in tandem with WASP for a 

comprehensive water quality analysis in Barnegat Bay, New 

Jersey, highlighting the potential negative impact on 

phytoplankton DO production due to reduced total nitrogen 

(TN) near the estuary's mouth. Chueh et al. [13] explored 

copper distribution in Taiwan's Erren River by combining 

SWAT and WASP. The study noted a decrease in aqueous 

copper concentration due to increased river flow, attributed to 

climate change-induced heightened precipitation. In a 

comprehensive review of research focusing on the Shatt Al-

Arab River, various methodologies have been employed for 

modeling its dynamics. Khudair and Eraibi [14] concentrated 

on assessing the impact of Reverse Osmosis (RO) units on the 

river's salinity. Hamdan et al. [15] monitored the Arabian 

Gulf's seawater intrusion into the Shatt Al-Arab River using 

the one-dimensional transport model of HEC-RAS 5.0.5. 

Mohammed and Al Chalabi [16] evaluated the river's water 

suitability for various uses, including drinking and irrigation. 

Al-Asadi et al. [17] explored the temporal, spatial, and vertical 

variability of salinity in the transitional zone between the river 

and the Gulf, highlighting saltwater penetration during 2019-

2020. 

However, a critical limitation identified in these studies is 

the lack of reliance on hydrodynamic and water quality models 

for elucidating pollutant transport and distribution through the 

solution of governing equations. Additionally, most studies 

overlooked the main source of river pollution, namely sewage 

discharged through branches in the center of Basrah. This 

study addresses these gaps by first integrating a 2D HEC-RAS 

model with the WASP water quality framework, a 

combination not previously explored. Secondly, it considers 

the impact of the main branches in Basrah province, identified 

as primary pollution sources to the Shatt Al Arab River. The 

objectives of this study are outlined as follows: 

• To describe the water quality of the Shatt Al Arab River

and its main branches by applying the eutrophication (EUTRO) 

model, encompassing state variables such as T, NH3, NO2/NO3, 

ON, OP, IP, PHYTO, DO, and CBOD. 

• To monitor and analyze a range of physical, chemical, and

biological parameters for detecting pollutants, nutrients, and 

other contaminants that affect water quality and aquatic life. 

• To identify and characterize the pollution sources entering

the river, with a focus on investigating point sources in the 

main branches within Basrah Center. 

• To apply a calibrated/verified model of the Shatt Al Arab

River, developed in a preceding study, for a comprehensive 

analysis. 

2. OVERVIEW OF SHATT AL-ARAB RIVER

2.1 Geography and importance of Shatt Al Arab River 

Tigris and Euphrates Rivers meet near Al-Qurnah district in 

southern Iraq to form Shatt Al-Arab River (Figure 1). Shatt Al-

Arab River length is approximately 192-kilometer, the river 

flows south-eastwards, passing through Basrah City and then, 

discharging into the Arabian Gulf [18, 19]. The province's 

seven creeks which are Jubyla, Muftya, Robat, Khandek, 

Ashar, Khora, and Saraji are connected to Shatt Al-Arab River 

and they are affected by the tidal phenomenon. Shatt Al Arab 

River width changes along its length, from 250-300 meters 

near the Euphrates-Tigris confluence to 600 meters near 

Basrah City Center and 2000 meters at the estuary [20]. For 

the last 95 kilometers of its course (near to Umm Al Rasas 

Island), the river forms part of the border between Iraq and 

Iran [21, 22]. In addition to transportation, Shatt Al Arab River 

has an important role in delivering water for domestic use, 

irrigation, and manufacturing [23]. Several tributaries of Shatt 

Al-Arab River, including Al-Sweeb, Ezz, Garmat Ali, 

Karkheh, and Karun Rivers, discharged into it over its course. 

Currently, these contributions as well as the low flow rate from 

Tigris and Euphrates Rivers have been decreased as a result of 

surrounding governments' policies, which resulted very 

significant increase in Total Dissolved Solid (TDS) values in 

Shatt Al Arab River due to the effect of salinity intrusion from 

the Arabian Gulf [15, 24, 25]. Shatt Al-Arab River has 

significant importance since it facilitates agricultural 

productivity within a region characterized by aridity and a hot, 

humid environment. The water system of Shatt Al Arab River 

is now under increasing strain, both in terms of water quantity 

and quality [21].  

The change in the hydrological status of the Shatt Al Arab 

River over the last decade has adversely affected the quality of 

the river’s water. The monthly average concentration of TDS 

of the Shatt Al-Arab at Basrah Center is plotted in Figure 2. 

The TDS concentrations of these years reflect the strength of 

the correlation with the discharges of the river. A convergence 
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of concentrations was observed over the years 2010 and 2013, 

less than 2009, due to relative stability of the discharge, while 

the highest concentrations were recorded in 2018, which was 

marked by a sharp decrease in discharge. 

Figure 1. Shatt Al Arab River and its main branches 

Figure 2. The monthly average concentration of the TDS at 

Basrah Center during different years 

2.2 Pollution problem in the Shatt Al Arab River 

Urban sewage and industrial wastewater are usually 

discharged directly into the river or its branches through 

discharge pipes/channels at fixed locations. This type of water 

pollution is usually called point source pollution, Figure 3. 

Untreated wastewater contains various pollutants that can 

contaminate the river and its ecosystems. Wastewater often 

contains high levels of organic matter, nutrients (such as 

nitrogen and phosphorus), heavy metals, and other pollutants. 

When discharged into the river, these substances degrade 

water quality, leading to decreased oxygen levels and an 

increase in suspended solids. 

2.3 Flow data and boundary conditions (BC) 

The HEC-RAS model is suitable with a broad range of 

boundary. Boundary conditions (BC) include external BC 

along the borders of the 2D area, internal BC such as intake 

structure, and global BC applied to the whole model such as 

solar radiation and atmospheric pressure. 

There are four external BC types that may be connected to 

the boundaries of 2D flow area, these are: 

• “Flow Hydrograph”

• “Stage Hydrograph”

• “Normal Depth”

• “Rating Curve”

Flow and stage hydrograph BC can be used as upstream and 

downstream BC. The stage hydrograph may serve as the 

downstream BC in situations when a stream discharges into a 

backwater environment, such as an estuary, where the height 

of the water surface is influenced by tidal oscillations [26]. 

The BC required to solve the 2D depth averaged equations, 

Figure 4, are: 

• At solid boundaries, the slip BC is applied in HEC-RAS.

The velocity component normal to the solid boundary is set to 

be zero. 

• At open boundaries, the stage hydrograph at downstream

BC and flow hydrograph at upstream BC is applied by line BC 

command. 

Figure 3. Different types of point sources pollutant on the 

main branches 

2.3.1 Upstream BC 

Monitoring stations were distributed on the main and 

secondary rivers contributing to the water supply to Shatt Al-

Arab River to record the daily discharge, by official 

institutions (Directorate of Water Resources, National Center 

for Ware Resources Management), as shown in Figure 5. 

Unfortunately, as can be seen from the figure, there is no 

discharge monitoring station in Qurnah city, which will be the 

upstream boundary condition of the model. Therefore, it can 

be relied on a previous model [27], named assistant model, 

simulating the same study area, including the impact of the 
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main rivers extending from Qalat Saleh regulator to the port of 

Abu Flus. Where, the discharge can be extracted as the results 

of the model at the confluence in Qurnah city, Figure 6. This 

method will shorten many and expensive field tests and 

measurements to calculate the discharge. 

Figure 4. The boundary conditions in the model 

Figure 5. Available flow monitors of the study area 

Figure 6. Flow hydrograph of assistant model’s output used 

as upstream boundary conditions at the confluence in Qurnah 

city 

2.3.2 Downstream BC 

A recorded hourly water stages at Al-Fao station, Figure 7 

represents downstream BC. 

Figure 7. Observed water stages for downstream boundary 

conditions at Al-Fao station 

3. MATHEMATICAL CONCEPTS

Since fluid and ecological equations are invariably coupled, 

water quality models are usually characterized by high degrees 

of complexity and very difficult mathematical problems. The 

system of equations for a water quality model must consist of 

at least the balances of mass, momentum, energy and entropy, 

and the equations describing chemical, biochemical, and 

biological processes [28]. Hence, the water quality model 

performance is largely dependent on the description of the 

circulation given by the hydrodynamic model [29], where the 

water flow characteristics have significant impact on 

pollutants transport during either dispersion and advection 

processes. Therefore, the water quality modeling methodology 

has been done by using sequentially a three sub models to 

integrate the comprehensive Shatt Al Arab River modeling: 

Hydrodynamic model by HEC-RAS, heat model and 

eutrophication model by WASP. HEC-RAS 2D and WASP 

External Coupler performed by Python was used in model 

building. The 2D Shallow-Water equations are listed in the 

study by Mawat and Hamdan [30]. The corresponding 

governing equations of water quality (EUTRO) model are 

listed in the study by Mawat and Hamdan [31].  

4. SHORT-TERM EUTRO MODEL APPLICATION

Eutrophication is the process in which excessive growth of 

algae occurs in a water body due to excessive minerals and 

nutrients. This process may end in oxygen depletion of the 

water body after the bacterial degradation of the algae. The 

simulation period was taken as 4 days (23 Aug. to 26 Aug. 

2022) and the sampling interval depended on the tidal chart. In 

other words, the sampling time is at every highest of high 

water level and lowest of low water level within one day, In 

order to show the extent of the effect of the tidal phenomenon 

on the concentrations of pollutants on the one hand, the time 

interval between the highest tide and the lowest ebb is about 6 

hours, which is long enough for chemical reactions for most 

pollutants on the other hand. Figure 7 represents of a sampling 

interval during simulation. The comprehensive model of Shatt 

Al Arab River was run for four days to reproduce EUTRO 

model of the river. The state variables of this model include T, 

NH3, NO2/NO3, ON, TP, IP, PHYTO, DO, and CBOD. 

4.1 The sites of sampling collection 

The largest challenge during the on-site work was the need 

to take samples from the boundary conditions of the model 
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simultaneously, as there is a large distance separating the 

sampling sites, namely the upstream point in Qurnah city, the 

downstream point in Al-Fao city, and the middle point (for 

validation) in the center of Basrah City. Accordingly, three 

groups were formed to cover the mentioned sites, and trained 

on the correct sampling method, such as the method of fixing 

oxygen in the required location according to the Winkler 

method and storage conditions.  

The state variables that have been studied and tested on site 

or in the laboratory which that contribute to the Integrated 

EUTRO model, namely, T, ON, NH3, NO3, OP, IP, DO, 

CBOD, and PHYT. Where the samples were collected by 

using bottles made of polyethylene, except for DO since the 

Winkler bottles 300 milliliters were used as shown in Figure 

8, from depth ranging (15-25) centimeters under the surface of 

the water. Then it was tightly closed and kept refrigerated by 

using a Cool Box case filled with crushed ice until returned to 

the laboratory. Some factors were measured directly in the 

field and others were treated in the laboratory and the 

laboratory samples analyzed and conducted in the Marine 

Science Center and Basrah Sewer Directorate laboratories. 

Figure 8. Instruments and utilities of the field work 

The water temperatures were measured and recorded in situ 

using a German-made multi-meter model 340i and the output 

was expressed in Celsius (°C). Iodometric titration (Winkler 

titration) [32] is a method conducted in the field to prevent any 

changes in oxygen levels that may occur due to delays in 

sample collecting and subsequent assessment. For PHYTO in 

term Chlorophyll-a, one liter of water was taken from each of 

the study areas in unused, well-sealed polyethylene bottles and 

put in a refrigerator. When the samples were brought back to 

the lab, they were filtered using filter paper of type GF/C with 

1 millilitre of a saturated solution of magnesium carbonate 

MgCO3 added to the last 10 milliliters. After the filtration 

process was finished, the paper was folded and transferred. 

When measuring, the paper was left at laboratory temperature 

for a few minutes. It was then ground without exposure to light 

with a manual glass mortar grinder after adding 4 ml of 90% 

acetone. The leachate was transferred to the glass tube, and the 

grinding vessel was rinsed with 4 ml of acetone and added to 

the glass tube. The volume was then filled to 10 millilitres and 

kept in the dark at 4°C for 18 hours. The use of acetone 90% 

as a blank reference, according to the concentration of 

chlorophyll-a based on Lorenzen's equation, Chlorophyll-a 

can be calculated [33]. For Nitrogen Forms (ON, NO2, NO3, 

and NH3), the Total Kjeldahl Nitrogen (TKN) analysis is often 

performed to get information on the overall nitrogen content 

present in the given sample. 

4.2 Point source pollutions 

After conducting surveys and research on the branches of 

the Shatt Al-Arab River, variant major and minor pollution 

points were recorded, Table 1, and the locations of most 

effective source were fixed as shown in Figure 9. The 

discharge and pollutant’s concentration of the point source is 

assumed relatively steady by mean does not vary with time 

significantly. Therefore, the measurements of state variables 

were done one time for each point source. 

Table 1. Characteristics and point source distribution of 

the main branches 

Branch Name Pollutant Source Type Number 

Al-Jubyla 
(75-200) mm Dia. 26 

Pump station outlet 1 

Al-Muftyah (75-250) mm Dia. 13 

Al-Robat 
(75-300) mm Dia. 57 

Pump station outlet 4 

Al-Khandak and Al-Ashar 
(75-400) mm Dia. 90 

Pump station outlet 3 

Al-Khora and Al-Saraje 
(75-200) mm Dia. 68 

Pump station outlet 2 

Figure 9. The considered point’s sources distribution along 

main branches 

5. RESULTS AND DISCUSSION

WASP results can be divided into two sections, water 

temperature results and EUTRO results. Since the temperature 

affects the rate of chemical reactions that occur in water, such 

as the breakdown of organic matter. So, the modelling of water 

temperature distribution was a proactive step of EUTRO 

modelling. 
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5.1 Water temperature results 

The simulation of temperature variation along the river was 

done during the hot season by applying the boundary 

conditions of the water temperature at upstream and 

downstream of the river, Figure 10. 

The time series of water temperature variation was plotted 

at Basrah Center station and compared with observed data, as 

a validation step, as shown in Figure 11 (a). The results are 

plotted in Figure 11 (b). The figure showed that the range of 

temperature was between 32-35°C through a different period 

during the simulation period. It can be seen from the figure 

that the calculated value at hour 18. 00 was slightly more than 

that calculated at hour 10. 00. The maximum difference 

between the periods was 0.5°C, which can be attributed to the 

water volume that storages in the segment. Since the WSE at 

hour 18. 00 is lower. Moreover, the larger and lower range of 

temperature variation was recorded at Qurnah and Basrah 

Center stations respectively. The reason for this approach, that 

the calculated volume of water in Qurnah segment was less 

than that calculated in Basrah Center, in other words, the 

shallow region of the river is highly influenced by other 

parameters such as air temperature. This approach obviously 

was recognized in the water temperature behaviors of the main 

branches as shown in Figure 12. 

It can be seen that the water temperature of branches 

strongly affected by the weather conditions, where, the water 

temperature at time 14. 00 was larger than that recorded at time 

08. 00 along the branches except at junctions, the branches

meet with the Shatt Al Arab River, where the volume of this

segments is large compared with other segments. Also, a

validation step was made throughout this figure. A spatial

distribution of water temperature at Basrah Center and Fao site

was illustrated in Figure 13.

(a) Upstream boundary condition (b) Downstream boundary condition

Figure 10. Time series of water temperature 

(a) Water temperature variation at Basrah Center station (b) Water temperature variation along the Shatt Al Arab River

Figure 11. Water temperature results during simulation time at different time periods 

(a) Jubyla River (b) Robat River
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(c) Khandak and Ashar Rivers (d) Khora and Saraji Rivers

Figure 12. Water temperature variation along the main branches of the Shatt Al Arab River 

Figure 13. Spatial distribution of water temperature at Basrah Center and Fao section 
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5.2 EUTRO results 

Eight state variables have been considered during this 

model as previously mentioned. Accordingly, these variables 

were divided by type in the following sections. 

5.2.1 Nitrogen compounds state variables 

ON, NH3, and NO3 state variables are investigated and their 

results are plotted in Figure 14. The figure tracked the results 

in consecutive periods, as fixed by legend, during the 

simulation time. In general, it was observed that there is a 

harmony between the results explaining the relationship 

between these compounds. For example, it has been observed 

that ammonia values decrease with time, while corresponding 

to an increase in nitrate values, through the nitrification 

process. While, for ON, the reduction in values was recorded 

due to the hydrolysis process. The results varied from (1.0 to 

0.8), (1.5 to 0.8), and (3.5 to 4.2) mg/l at Basrah Center for ON, 

NH3, and NO3 respectively. 

The corresponding results of these state variables of the 

main branches were shown in Figures 15-18. All results were 

calculated at two different periods, High Tide (HT) and Low 

Tide (LT) according to Basrah Center tide table. It can be 

concluded from these figures the following.  

• During HT, the concentration of ON has been reduced

because of the dilution process that occurs through interring 

additional water volume into the streams which in turn, 

increase the mineralization process. 

• During HT, the concentration of NH3 has been reduced

because of the increment of DO level that occurs during HT 

period which in turn, increase the nitrification process. 

• During HT, the concentration of NO3 has been increased

because of the increment of DO level that occurs during HT 

period which in turn, increase the nitrification process. 

• The concentrations of Nitrogen compounds state variables

were slightly affected by the tide at the far ends of the Rivers 

from the Shatt Al Arab River because the flow velocity at these 

dead ends was approximately zero. Colored spatial 

distributions of the Total Nitrogen (TN) and NH3 system are 

plotted in Figure 19. As shown in the figure, the main branches 

have high values compared with the river.

Figure 14. ON, NH3, NO3 variation along the Shatt Al Arab River at different periods 
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Figure 15. State variables of Nitrogen compound for Jubyla River 

Figure 16. State variables of Nitrogen compound for Robat River 

Figure 17. State variables of Nitrogen compound for KHandaq and Ashar Rivers 
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Figure 18. State variables of Nitrogen compound for Khora and Saraji Rivers 

Figure 19. Spatial distribution of TN and NH3 in Basrah Center 

5.2.2 Phosphorus compounds state variables 

OP and IP state variables are investigated and their results 

are plotted in Figure 20 (a) and Figure 20 (b) respectively. The 

figure tracked the results in consecutive periods, as fixed by 

legend, during the simulation time. In general, it was observed 

that there is a harmony between the results explaining the 

relationship between these compounds. For example, it has 

been observed that OP values decrease with time, while 

corresponding to an increase in IP values, in the mineralization 

process. The results varied from (0.5 to 0.45), and (0.3 to 0.34) 

mg/l at Basrah Center for OP, and IP respectively. 

The corresponding results of these state variables of the 

main branches were shown in Figures 21-24. All results were 

calculated at two different periods, HT and LT according to 

the Basrah Center tide table. It can be concluded from these 

figures the following. 

• During HT, the concentration of OP has been reduced

because of the dilution process that occurs through interring 

additional water volume to the streams which in turn, increases 

mineralization process. 

• During HT, the concentration of IP has been reduced

because of the dilution process that occurs by interring 

additional water volume into the streams. 

• The concentrations of phosphorus compounds state

variables were slightly affected by the tide at the far ends of 

the Rivers from the Shatt Al Arab River because the flow 

velocity at these dead ends was approximately zero. 

Colored spatial distributions of the TP are plotted in Figure 

25. As shown in the figure, the main branches have high values

compared with the river.
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Figure 20. (a) OP variation along the Shatt Al Arab River at different periods; (b) IP variation along the Shatt Al Arab River at 

different periods 

Figure 21. State variables of phosphorus compound for Jubyla River 

Figure 22. State variables of phosphorus compound for Robat River 

Figure 23. State variables of phosphorus compound for Khandaq and Ashar Rivers 
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Figure 24. State variables of phosphorus compound for Khora and Saraji Rivers 

Figure 25. Spatial distribution of TP in Basrah Center 

Figure 26. DO variation at Basrah Center station during simulation time 

Figure 27. CBOD and DO distribution along the Shatt Al Arab River 
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5.2.3 CBOD and DO state variables 

The state variables of CBOD and DO are considered, in 

detail, in the Shatt Al Arab River and it is branched. A 

validation step has been made during a comparison between 

the calculated and observed data of DO at Basrah Center 

through plotting time series graph as shown in Figure 26. 

The longitudinal variations of the CBOD, DO along the 

River are studied and the results were plotted in Figure 27. The 

figure tracked the results in consecutive periods, as fixed by 

legend, during the simulation time. In general, it was observed 

that there is a harmony between the results explaining the 

relationship between these state variables. It has been observed 

that CBOD values decrease with time, while corresponding to 

an increase in DO values. This outcome can be attributed to 

the inverse relationship between the concentration of organic 

substances and bacterial activity in their oxidation process, 

leading to a corresponding decrease in oxygen consumption. 

The results varied from (11.0 to 9.0), and (5.2 to 6.0) mg/l at 

Basrah Center for CBOD and DO, respectively. Although 

CBOD values are decreasing, but they have large ranges at 

Basrah Center site compared with other sites because of the 

contribution of the point’s sources of pollution that are located 

on main branches. 

The corresponding results of these state variables of the 

main branches were shown in Figures 28-31. All results were 

calculated at two different periods, HT and LT according to 

Basrah Center tide table. It can be concluded from these 

figures the following.  

• During HT, the concentration of CBOD has been reduced

because of the dilution process that occurs through interring 

additional water volume into the streams. 

• During HT, the concentration of DO has been increased

because of the replenishment process that occurs through 

interring additional water volume into the streams during HT 

period.  

• The concentration of CBOD and DO state variables were

slightly affected by the tide at the far ends of the Rivers from 

the Shatt Al Arab River because the flow velocity at these dead 

ends was approximately zero. 

• It has been noted that the DO values increased, while

corresponding to a decrease in CBOD values. 

A spatial distribution of DO and CBOD state variables at 

different locations of the study area are illustrated in Figure 32. 

The Figure 32 (a) showed the DO concentration in Basrah 

Center where the main branches appeared. Al the main 

branches have low value of DO, (2-3.5) mg/l, in far parts and 

(4.6-5.6) mg/l in parts near to the junction points. The river has 

value ranged (5.4-5.6) mg/l. the corresponding values of the 

CBOD concentration was (8-10) mg/l in the river while was 

(15-23) mg/l and (57-60) mg/l in near and far of the junction 

points respectively, see Figure 32 (b). the distribution of the 

DO and CBOD at Fao City was shown in Figure 32 (c) and 

Figure 32 (d) respectively. 

5.2.4 PHYTO state variable 

PHYTO state variable presented by chll-a is considered for 

the Shatt Al Arab River as well as the main branches. Where, 

this variable connects all other variables in the EUTRO model. 

Figure 33 shows the variation of PHYTO along the River at 

different times during the simulation period. As appeared from 

this figure, the concentration of PHYTO has a range of (5-25) 

g/l at 23000 m from Qurnah site, (1-4) g/l at Basrah Center 

site, and (14-35) g/l at 30000 m from Fao site. It is worth 

mentioning there are three levels of eutrophication according 

to the study [34].  

1. Oligotrophic. Average Chl a concentration < 20 mg/m3,

2. Mesotrophic. Average Chl a concentration < 70 mg/ m3,

3. Eutrophic. Average Chl a concentration ≥ 70 mg/ m3.

So, depending on this classification, Shatt Al Arab River

has a Mesotrophic level in most its course. 

The corresponding results of the PHYTO of the main 

branches were shown in Figure 34. The results were calculated 

at two different periods, HT and LT according to Basrah 

Center tide table. During HT, it can be concluded from the 

figure that the concentration of PHYTO has been reduced, for 

the streams part near the Shatt Al Arab River, because of the 

dilution process of nutrients that occur through interring 

additional water volume to the streams during HT period. 

While in streams part far away from the tide effect, the 

concentration of PHYTO was increased due to high 

concentrations of nutrients because of the point’s course 

pollution. 

The relationship between PHYTO and other state variables 

of EUTRO model has been observed and the results at the 

simulation end of PHYTO vs temperature, PHYTO vs DO, 

PHYTO vs NH3, and PHYTO vs IP are plotted in Figures 35-

38 respectively. It can be concluded from these figures the 

following. 

• The concentration of PHYTO has been increased or

decreased directly proportional to the increasing or decreasing 

of water temperature. This is due to the increased activity of 

PHYTO with temperature rises and vice versa, see Figure 35. 

• The concentration of DO has been increased or decreased

inversely proportional to decreasing or increasing of PHYTO. 

This is due to the increased of DO consumption when the 

PHYTO is available in a high concentration and vice versa, 

see Figure 36. 

• The concentration of NH3 has been increased or decreased

inversely proportional to decreasing or increasing of PHYTO. 

This is due to the increased of NH3 consumption when the 

PHYTO is available in a high concentration and vice versa, 

see Figure 37. 

• The concentration of IP has been increased or decreased

inversely proportional to decreasing or increasing of PHYTO. 

This is due to the increased of IP consumption when the 

PHYTO is available in a high concentration and vice versa, 

see Figure 38. 

Figure 28. CBOD and DO distribution along the Jubyla River 
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Figure 29. CBOD and DO distribution along the Robat River 

Figure 30. CBOD and DO distribution along the Khandaq and Ashar Rivers 

Figure 31. CBOD and DO distribution along the Khora and Saraji Rivers 
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(a) DO in Basrah Center  (b) CBOD in Basrah Center 

  

(c) DO in Fao City (d) CBOD in Fao City 

Figure 32. A spatial distribution of the DO and CBOD state variables at different locations of the study area 

 

 
 

Figure 33. PHYTO distribution along the Shatt Al Arab River 
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(a)  (b) 

(c)  (d) 

Figure 34. (a) PHYTO distribution along the Jubyla Rover; (b) PHYTO distribution along the Robat River; (c) PHYTO 

distribution along the Khandaq and Ashar Rivers; (d) PHYTO distribution along the Khora and Saraji Rivers 

Figure 35. PHYTO vs water temperature distribution along the Shatt Al Arab River 

Figure 36. PHYTO vs DO distribution along the Shatt Al Arab River 
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Figure 37. PHYTO vs NH3 distribution along the Shatt Al Arab River

Figure 38. PHYTO vs IP distribution along the Shatt Al Arab River 

6. CONCLUSION

Based on the results obtained, it can be observed that the 

concentrations of ON, NH3, NO3, OP, IP, and CBOD exhibit 

significant variations at the Basrah Centre site in comparison 

to the other sites. This can be attributed to the substantial 

influence of point sources of pollution situated along the main 

branches in the vicinity. Tidal phenomena exerted an influence 

on the concentrations of the state variables. During HT, ON, 

NH3, OP, CBOD, and IP concentrations decrease due to 

dilution processes, increasing mineralization. 

phosphorus/nitrogen compounds, CBOD, and DO state 

variables are slightly affected by tide at far ends of rivers from 

Shatt Al Arab River due to zero flow velocity. The river water 

quality model combines the effect of its hydrodynamic 

characteristics and natural reaction mechanism on the law of 

mass conservation. The models are used to evaluate which 

alternative might be most effective in solving a water quality 

problem. So, from the building procedures and the 

applications, the following conclusions have been made.  

Due to the inability of HEC-RAS software to deal with 

water quality modeling in the case of 2D simulation, three 

types of models have been considered to build the 

comprehensive Shatt Al Arab River model; hydrodynamic, 

temperature, and water quality models. The merge between 2D 

HEC-RAS and WASP water quality model framework has 

been used. The study area covers the entire course of the river 

from the confluence of the Tigris and Euphrates Rivers in 

Qurnah district to its mouth in Al Fao City, 10 km from 

Arabian Gulf. The river situation was unsteady and the 

influence of the tidal phenomenon was taken into 

consideration in the model-building, as well as the main River 

branches were taken into account which was overall the most 

important reason that made the simulation of the river complex. 

It was taken the effect of the main branches in the center of 

Basrah province which were the main source of the pollutant 

to the Shatt Al Arab River.  

It is possible to develop this model in future studies to be 

able to model and study the Embedding the benthic layer 

within the water column of the river to represent the settling 

particulate matters and study their effect on the oxygen level 

by SOD and Including the macro algae state variable to study 

the conditions suitable for the spread of what is known as red 

tide (algal bloom). 
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