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Determination of Thermal Pollution Effect on End 
Part of Stream  

Mahmoud, Amaal, O. F., El Nadi, M.H., Nasr, N. A.H., Ezat, M.B.  

Abstract: The present study was conducted to evaluate the 
environmental impact of thermal effluent sources on the main 
water quality parameters at the low flow conditions. The low flow 
causes the flow velocity to be low which causes accumulation of 
any pollutant source. The study was performed by creating a 2-d 
model of the last reach of Rosetta branch at winter closure. Delft 
3d software is used to create a hydro-dynamic model to simulate 
the flow pattern within a 5 km of the branch upstream Edfina 
regulator. Water quality model is coupled afterwards to simulate 
the water quality parameters. A base case scenario of the current 
state at the low flow condition is set up and calibrated. Another 
scenario is performed after adding a thermal pollutant source. 
Thermal power plant is used as an application of thermal 
pollutant source. Cooling water is with drawled from an intake 
and discharged back to the water source with a relatively higher 
temperature downstream the intake. A case study of Dairut 
thermal power plant which is planned to be constructed at this 
area is used. Hydrographic survey is performed to collect 
essential hydraulic data for the model. Field measurements are 
performed to collect water quality along the area. A numerical 
model was set up and the area was simulated. Results showed 
accumulation of thermal plume. The higher temperatures 
lowered the dissolved oxygen in the thermal plume area. On the 
other hand, BOD and NO3 values increased with different rates. 
Ammonium was positively affected and was lowered. 
 
    Keywords: Rosetta Branch, Water Quality, Delft 3d, Thermal 
Pollution. 

I. INTRODUCTION: 

With the rise of the industrial revolution back in the 
eighteen’s century, transition to new manufacturing 

processes occurred, improving the efficiency of water 
power. The development of machine tools and the rise of 
the factory system increased the standard of living. Then 
industrialization has spread throughout much of the world, 
technological and economic progress 
continued widespread of suburban sprawl and the expansion 
of human populations. Increased water diversion is 
associated with human population growth and 
development[1]. 
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In view of these developments, a variety of new energy 
infrastructures to meet the demands for population growth 
that lead the decision makers to redirect the rudder towards 
the power plants. That was in order to provide a continuous 
source of electricity as a clean and renewable source of 
energy. Contrariwise, Power plants might cause Intensive 
damages on the environment. If these damages were not 
studied and carefully planned before construction and 
operation, therefore impact assessment of power plants is 
nesses. Egypt also faced same challenges in consuming the 
massive amount of energy in the past few years, can be 
represented in Figure (1):  

 
Figure (1): Energy consumption according to ministry of 

electricity and renewable energy statistics 
Power plants release large volumes of water at 

higher than ambient temperatures, and the area surrounding 
the discharge pipes may not support a healthy, productive 
water because of physical and chemical alterations of the 
habitat [2]. This can lead to reductions in the biological 
productivity of the habitat at the discharge site for some 
aquatic resources as their prey species and important habitat 
types, such as aquatic vegetation, are no longer present. 

As a result of high temperature, these discharges to 
rivers may endues higher than usual levels of organic 
matter, fecal bacteria and toxic substances. The resultant 
increases in biochemical oxygen demand (BOD) can lead to 
fish kills, and the high concentrations of fecal bacteria may 
restrict water use. Reduced dissolved oxygen (DO) can 
cause direct mortality of aquatic organisms or result in sub-
acute effects such as reduced growth and reproductive 
success. 

Understanding the occurrence of emerging 
contaminants is an essential part of water safety 
management. Many monitoring studies of the occurrence 
and distribution of emerging organic contaminants in water 
have been launched in Rosetta branch[3], [4] and [5]. With 
rapidly increasing capabilities of the computer, the 
numerical model combined with field detection is an 
effective approach to identify important processes and 
simulate the change of water quality in a water 
environment[6]. 
  Water quality model combined with hydrodynamic 
model has made great progress not only for two dimensional 
analysis in the past few decades but also towards adding 
more complex interactions between physical, chemical and 
biological processes[7].  
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Most numerical models of water quality were established for 
regular monitoring indicators such as BOD, DO and 
nutrients [8]because of their limited monitoring data [9]and 
their crucial influence on the water quality[10] and [7]. 
Several studies showed that water quality models were 
applied to continuous organic pollutants in which adsorption 
was considered to be an important process. Therefore, there 
is a growing need for integrated emerging contaminant 
model, especially the model at wide temporal and spatial 
scales[11].  

As a fully integrated multidimensional numerical 
modeling software suite for the aquatic environment, 
Delft3D was selected for this study. This modeling suite was 
developed by Deltares can perform a simulation of both 
hydrodynamic and water quality and also solve the coupling 
situation related to different time and spatial scales used in 
both compartments. In particular, the mathematical model 

Delft-FLOW is used for hydro-dynamic simulation [10]and 
Delft-WAQ  for water quality simulation [12]since there are 
many studies that show this modeling suite has a good 
performance for hydrodynamic and water quality modeling 
[13] and [14]. In this study, Delft software model is applied 
to simulate emerging contaminants in the last reach of 
Rosetta branch from a thermal source of cooling water from 
a power plant.  

1. Methodology 
This study aims to investigate the emerging effect 

from thermal pollutants on the main water quality 
parameters. Hydrographic survey team from Hydraulics 
Research Institute (HRI) will collect the study area's 
bathymetry. The data will cover a 4.5 km of Rosetta branch. 
Figure2 shows the study area relative to the Nile Delta. 

 

 

Figure 2: Location map showing the study area and the investigated sites 

Data collected is added to numerical software. A 
mathematical model Delft-3d is used. Model schematization 
was initiated by a grid generation tool called RGFGRID 
creating a grid of 5m resolution and projecting the surveyed 
point bed levels on the grid by a pre-processing tool 
QUICK-IN then by triangular interpolation, a map of bed 
level variations on all points of the grid indices is produced. 
Model requirements were achieved (ex.: orthogonality of 
grid cells were set to be less than 0.05, aspect ratio in was 
less than 1.5 and courant number was less than 10). Fish 
cages located in the area of simulation that were surveyed 
by GPS unit were also simulated by thin dams. The 
roughness was changed along the area by creating a 
roughness map and using it as an input to the model. The 
roughness values ranged between 0.02 for most of area and 

0.05 for vegetated areas and fish cages areas. The next step 
was to input boundary conditions which were discharge and 
water level in this case. Time step was set to 3 seconds in 
hydro-dynamic and 1 minute in water quality and simulation 
period was 2 months to ensure stability in flow pattern for 
achieving steady flow condition Delft- FLOW module is 
used to create a hydro-dynamic simulation. Some statistical 
models will be applied to the model to judge its suitability 
for simulating the study area. After the model success, it 
will be ready to simulate the environmental conditions of the 
area. The thermal power plant will be added. Cooling water 
suction and discharge locations will then added to the model 
as point sources.  
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The cooling system mentioned withdrawals water 
from the source and discharges it back to the water. This 
cooling water is discharged after using in cooling operation 
to the water source with a relative excess temperature at a 
distance downstream the intake which will be considered as 
a continuous thermal pollutant source. This effluent water is 
then added with its temperature. Thermal plume will follow 
the stream hydro-dynamics and is ready to be studied in the 
water quality module. 

Another team from HRI with co-operation with 
Central Laboratories for Environmental Quality Monitoring 
(CLEQM) make a visit to study area for collecting water 
quality parameters along winter season as a the low flow 
season. The environmental data is then sent to CLEQM to 
be studied. Archival data from Egyptian Environmental 
Affairs Agency (EEAA) is collected to study water quality 
parameters during high flow season in summer. Both data 
are then added to the model as a two different scenarios 
before constructing the plant. Then after thermal plume is 

added, the change in these water quality parameters is 

studied.  

II. RESULT ANALYSIS 

Bed level variations were plotted as a map in Figure (3). 
Resulted depth averaged velocity from the 2d model in the 
FLOW module is shown in Figure (4). Data are collected 
from study area shown in figure (2). Water quality 
parameters are collected from 3 different stations along the 
study area. Some data were available to be measured in 
field, these data are collected in table (1). Other data were 
measured in the lab, these data are shown in table (2). 

 
 
 
 

 
Table 1 Field Measurements at different locations 
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PH D.O. EC 

m m 0c unit mg/l μs/cm 

1 A1 C.S.1 Middle 

7 

1.4 19 7.59 5.9 2371 

2 A2 C.S.1 Middle 3.5 18.4 7.76 5.7 850 

3 A3 C.S.1 Middle 6 18.5 7.74 5.4 831 

4 B1 C.S.3 
Third width 
from Right 
Bank 

10.2 

3 16.5 7.71 5.9 1792 

5 B2 C.S.3 
Third width 
from Right 
Bank 

5.1 17 7.75 4.9 851 

6 B3 C.S.3 
Third width 
from Right 
Bank 

8.6 18 7.76 4.6 829 

7 C1 C.S.3 
Third width 
from Left 
Bank 

4 

0.8 17.1 7.74 4.9 828 

8 C2 C.S.3 
Third width 
from Left 
Bank 

2 18 7.72 4.8 828 

9 C3 C.S.3 
Third width 
from Left 
Bank 

3.4 18 7.74 4.7 828 

10 D1 C.S.5 Middle 

7 

1.4 16.8 7.73 4.9 832 

11 D2 C.S.5 Middle 3.5 17.5 7.79 4.8 832 

 
Table 2 Lab measurements of collected water samples 

 

Sa
m
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e 

N
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 Code 
Velocity 
Location 

Location relative 
to Vel. Cross 
section 

depth at 
location 

Depth of 
sample 

BOD NH3 NO3 

m m mg/l mg/l mg/l 
1 A1 C.S.1 Middle 

7 

1.4 17 0.38 2.515 

2 A2 C.S.1 Middle 3.5 16 0.18 2.615 

3 A3 C.S.1 Middle 6 18 0.05 2.537 

4 B1 C.S.3 
Third width from 
Right Bank 

10.2 3 13 0.23 2.394 
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5 B2 C.S.3 
Third width from 
Right Bank 

5.1 16 0.15 2.5 

6 B3 C.S.3 
Third width from 
Right Bank 

8.6 13 0.05 2.449 

7 C1 C.S.3 
Third width from 
Left Bank 

4 0.8 13 0.2 2.589 

8 C2 C.S.3 
Third width from 
Left Bank 

 

2 11 0.11 2.576 

9 C3 C.S.3 
Third width from 
Left Bank 

3.4 11 0.05 2.659 

10 D1 C.S.5 Middle 

7 

1.4 13 0.26 2.576 

11 D2 C.S.5 Middle 3.5 12 0.14 2.579 

12 D3 C.S.5 Middle 6 17 0.05 2.138 

 
To ensure an accepted range of deviation between model 
and field velocity, some statistical tests were applied. We 
use three statistical models to ensure the simulating of the 
model to the existing situation in the study site[15]. Based 
on previous studies, specific analysis are applied to be used 
in model evaluation. With these values, model performance 
can be judged based on general performance ratings. The 
statistical model are as follows: 

 

 

 
 
 
The guidance of these statistical tests was applied based on 
the next table standards. 
 

Table (3) General performance ratings for recommended statistics[15] 

 
From field results, statistical calculations based on previous mentioned techniques. The results of essential variables were as 
follows in Table(4): 

 
 
 

 
 
 

Equation (2) 

Equation (3) 
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Table (4) Model Performance when applying Statistical tests 
 

 
 
Comparing the model results in the calibration phase to 
these values the results were highly satisfactory. And shows 
that the model is applicable to be used as an appropriate 
guideline for hydraulic simulations. 

The results of hydro-dynamic module was coupled with the 
water quality module. WAQ module uses the results of 
FLOW module like the flow pattern, bed shear stress, 
thermal plume dispersion and salinity as inputs. This module 
simulates the water quality parameters and processes. 

 Table () illustrates the parameters that were used in the 
WAQ model to achieve measured parameters with 
reasonable accuracy after a number of runs. 

 
Table (4) Calibration process parameters for water quality model 

 
Measurement Value Unit 
Decay rate BOD 0.08 (d-1) 
Temp. coefficient decay rate BOD 1.04 - 
Vertical Dispersion 1 (m2/s) 

Horizontal Dispersion in both directions 0.5 (m2/s) 

First Order Nitrification Rate 0.1 (d-1) 
First Order Denitrification Rate 0.1 (d-1) 
First Order Mineralization Rate 0.1 (d-1) 
Temp. coefficient For Nitrification 1.07 - 
Optimum Oxygen concentration for 
Denitrification 

1 (gm O2/m3) 

Critical Temperature for mineralization 3 0C 
The base case of WAQ model was run with the HRI 
measured parameters and calibrated according to the above 
mentioned process parameters. The water quality parameters 
were calibrated by changing in the process parameters 
several times and comparing the model values with the 
obtained field data. Grid aggregation was performed by grid 
aggregation tool DIDO to minimize performing excessive 
operations at all the grid points and to reduce run time and 
size.The next four maps show both the hydro-dynamic and 
water quality results at the low flow season for current 
situation. It appears from the hydro-dynamic results, the 
very low velocity at that time of the year which value does 
not exceed 0.02 m/s. These values of small velocity had a 
significant rule in accumulating the temperature within the 
domain which highly affects water quality parameters as 
will be illustrated later.  
An Other scenario was set up after adding the effluent 
thermal source. The change of the main water quality 
parameters appears gradually. After 12 hours only of 
simulation, a plume of low oxygen concentration at the 
effluent appeared parallel to the thermal plume. After 1 day, 
the accumulation increased upstream the outlet source 

lowering the dissolved oxygen. After 1 month is passed, 
oxygen decreased at most of simulation area Figure (10).  

Figure (11)shows the Bed level and Temperature 
distribution of plant outfall cross section. It also appears on 
Figure (12), the high rise of oxygen concentration at the 
intake of the plant due to the high velocity at suction which 
increases the circulation at this area which affects the 
reaeration causing a local high increase at the intake. This 
have a significant effect on controlling the dispersion of the 
plume in the upstream direction. On the other hand,BOD is 
increasing continuously from the boundary due to the 
continuous polluted flow with a higher BOD values. After 1 
month, this polluted incoming flow accumulates upstream 
the intake of the plant that controls the thermal plume. This 
continuous operation causes the BOD values to be highly 
increased around the plume since this flow is not allowed to 
pass the thermal plume area due to its high velocity relative 
to the incoming small velocity of the branch which is very 
obvious at Figure (13)Nitrates values are significant for 
simulation as it's a nutrient to most of algal species and 
phytoplankton. 

 

RSR PBIAS NSE
0.12868162 2.623612975 0.9997258
V.GOOD V.GOOD V.GOOD

0.18208699 7.456103212 0.9989007
V.GOOD V.GOOD V.GOOD

0.17358053 -3.1477839 0.99909217
V.GOOD V.GOOD V.GOOD

0.31448705 -20.99243826 0.99021837
V.GOOD SATISFACTORY V.GOOD

0.51508993 -9.523421795 0.92960655
V.GOOD V.GOOD V.GOOD

station 1

station 2

station 3

station 4

station 5
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 Also it's an indirect nutrient for fish as it consume 
algae. Fishing and raising fish in cages are very widespread 
in this area. Temperature increased nitrates but not in a very 
high rate as much as of those in BOD Figure (13). After 1 
month, in Figure (14)  the continuous incoming flow with 
higher NO3 value reaches the intake and causes the plant to 
withdraw water with higher values of nitrates and 
consequently discharges the cooling water with higher 
values of nitrates (exceeds the limits of NO3 in standards 
and regulations) which negatively affect the eco-system and 
the environment. Ammonium solubility responses mainly to 
changes in PH. For the same PH value, ammonium 
solubility decreases with increasing temperature. Range of 
PH in this area is 7.7 from field measurements. Unlike 
negative thermal impacts on DO and BOD, temperature had 
a positive effect on ammonium. NH4 values were decreased 
in the plume area Figure (15). 

III. CONCLUSION 

The environmental impact of low flow period of 
the year was investigated at the last reach of Rosetta Branch. 
Field measurements were found to be exceeding the limits 
of Egyptian legislation standards. Thermal impact on the 
main water quality parameters was studied by setting up a 
numerical model for the current state and after adding a 
thermal pollutant source. The results showed a severe 
negative impact on dissolved oxygen. Values were 
decreased from 5.6 to 3.5 mg/l as the temperature increases 
from 18.5 to 27 0c since solubility of oxygen decreases as 
the temperature increases. Reversely, BOD values increased 
from 12 to 15 mg/l with the same increase of temperature. 
Higher temperature had a positive effect on NH4 values as 
in decreased from 0.15 to 0.12 mg/l in one month. NO3 
values increased with a small rate from 20 to 22.5 mg/l. 
these results indicate a certain probability of change in 
stream aquatic life. A change in types of aquatic algae and 
fish is probable due to the change in temperature and stream 

water quality. 

REFERENCES 

1. Gregory, S.V. and P.A. Bisson, Degradation and loss of anadromous 
salmonid habitat in the Pacific Northwest, in Pacific salmon & their 
ecosystems1997, Springer. p. 277-314. 

2. VERIJENKO, V., APPLIEI) MECHANICS. 2000. 
3. El Bouraie, M.M., et al., Water quality of Rosetta branch in Nile 

delta, Egypt. Finnish Peatland Society, 2011. 62(1): p. 31-37. 
4. SAAD, M.A. and M.H. ABBAS, Limnological investigations on the 

Rosetta branch of the Nile. III. Phytoplankton. Freshwater Biology, 
1985. 15(6): p. 661-669. 

5. El Shakour, E.H.A. and A. Mostafa, Water quality assessment of river 
Nile at Rosetta branch: impact of drains discharge. Middle-East 
Journal of Scientific Research, 2012. 12(4): p. 413-423. 

6. Hwang, J.-S., et al., Patterns of zooplankton distribution along the 
marine, estuarine and riverine portions of the Danshuei ecosystem in 
northern Taiwan. Zoological Studies, 2010. 49(3): p. 335-352. 

7. Shakibaeinia, A., et al., An integrated numerical framework for water 
quality modelling in cold-region rivers: a case of the lower Athabasca 
River. Science of the Total Environment, 2016. 569: p. 634-646. 

8. Chao, X., et al., Three-dimensional numerical simulation of water 
quality and sediment-associated processes with application to a 
Mississippi Delta lake. Journal of environmental management, 2010. 
91(7): p. 1456-1466. 

9. Freni, G., G. Mannina, and G. Viviani, The influence of rainfall time 
resolution for urban water quality modelling. Water science and 
technology, 2010. 61(9): p. 2381-2390. 

10. Beyhan, M. and M. Kaçıkoç, Evaluation of water quality from the 

perspective of eutrophication in Lake Eğirdir, Turkey. Water, Air, & 
Soil Pollution, 2014. 225(7): p. 1994. 

11. Ilyina, T., et al., A fate and transport ocean model for persistent 
organic pollutants and its application to the North Sea. Journal of 
Marine Systems, 2006. 63(1-2): p. 1-19. 

12. Chen, Q. and A.E. Mynett, Modelling algal blooms in the Dutch 
coastal waters by integrated numerical and fuzzy cellular automata 
approaches. Ecological Modelling, 2006. 199(1): p. 73-81. 

13. Chanudet, V., V. Fabre, and T. van der Kaaij, Application of a three-
dimensional hydrodynamic model to the Nam Theun 2 Reservoir (Lao 
PDR). Journal of Great Lakes Research, 2012. 38(2): p. 260-269. 

14. Los, F., T. Troost, and J. Van Beek, Finding the optimal reduction to 
meet all targets—applying Linear Programming with a nutrient tracer 
model of the North Sea. Journal of Marine Systems, 2014. 131: p. 91-
101. 

15. Moriasi, D.N., et al., Model evaluation guidelines for systematic 
quantification of accuracy in watershed simulations. Transactions of 
the ASABE, 2007. 50(3): p. 885-900. 

 

AUTHORS PROFILE 
 
Amaal Osama Fathy Mahmoud 
Research Assistant at Hydraulics Research Institute, 
National Water Research Center Tel: (+20) 01100334778 
B.Sc. in civil Eng. 2009-2014, ASU. Hydro-dynamic 
modelling (1d,2d,3d). sanitary and environmental 
engineering and water quality modelling. 
 

 
Prof. Dr. Mohamed El Hosseiny El Nadi Prof. of 
Sanitary & Environmental Eng., Faculty of Eng., 
ASU. Tel: 02/ 22719831 - 02/ 22872557 - 
010/1110377 – 012/7340502 B.Sc. in civil Eng. 1972 
-1977, ASU. 
M.Sc. in Sanitary Eng. 1979 – 1983, ASU. Ph.D. in 
Environmental Eng. 1984 – 1989, ASU. Fields of 

interest:- 
Development of Biological filtration, developing of stabilization ponds in 
wastewater treatment, Anaerobic treatment for both wastewater & sludge, 
low cost technologies for sanitation, sludge dewatering and reuse, pollution 
control for water streams, desalination of sea water by new techniques, 
flotation in water treatment, Dynamic filtration in water treatment, leak 
detection in water networks, firefighting techniques, groundwater 
contamination & air pollution control. 
 

Associate Prof. Dr. Nany Aly Hassan Nasr 
Dr. of Sanitary & Environmental Eng., Faculty of Eng., 
ASU. 
Tel: 0100/1045480  
B.Sc. in civil Eng. 1980 -1985, ASU. 
M.Sc. in Sanitary Eng. 1986 – 1991, ASU. 
Ph.D. in Environmental Eng. 1992 – 1997, ASU. 
Fields of interest:- 

Development of Biological filtration, developing of stabilization ponds in 
wastewater treatment, Anaerobic treatment for both wastewater & sludge, 
low cost technologies for sanitation, sludge dewatering and reuse, pollution 
control for water streams, desalination of sea water by new techniques, 
flotation in water treatment, Dynamic filtration in water treatment, leak 
detection in water networks, fire fighting techniques, groundwater 
contamination & air pollution control. 
 

 
Ezat, M.B. Applied research on both river and coastal 
hydraulics. 
- Senior engineer in using mathematical hydraulic 
models in both near and far field area (1D, 2D and 3D 
modelling). 
- Applied research on water management processes, 

particularly those related to the performance of different hydraulic 
structures. 
- Constructing, calibrating, monitoring, and evaluation of physical models. 
- Physical and mathematical modeling of Coastal Engineering problems 
along the Egyptian coast. 
 


