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ABSTRACT 
 

Thermal discharge modeling is used to determine how discharges will dissipate in the receiving water under 
varying ambient conditions and different outlet configurations in new power plants. In this paper, the impact of 
extending the power generation capacity of Talkha Thermal Power Plant was investigated in order to 
environmentally and hydraulically ensure regulatory compliance.  A physical model of undistorted scale 1:40 
was constructed at the Hydraulics Research Institute, Egypt to determine the impact of discharged heated water 
on the River environment. The model was geometrically, thermally, and dynamically calibrated. Detailed 
hydraulic tests were executed to check the safety of River environment. The conducted tests indicated that both 
discharge temperature and river flow rate affected the size and shape of the plume. As river flow increased, the 
plume was more quickly turned downstream and distance from shore decreased. Plume length was found to be 
greatest at the dominant river flow rate. The results also showed that it is possible to extend the power 
generation capacity of the power plant, if certain operational conditions are avoided, especially during the River 
minimum flow period. 
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Introduction 

 
Power plant locations are mostly selected based on the proximity of natural waters that can be used in the 

cooling systems. High volumes of water are pumped out from the nearby source, circulated through the cooling 
pipes of the plant and eventually discharged back into natural water bodies. As a consequence of this operation, 
the receiving water bodies tend to present an induced water temperature rise, with potentially relevant water 
quality consequences.  

Egypt started generating electricity from hydraulic sources such as High Aswan Dam and main grand 
barrages along the Nile River. However, due to the increase in population growth, standard of living, industrial 
and other human activities, the demand on electricity has increased recently.  Nearly a 750 MW Power Plant has 
to be added to the system of power production in Egypt each year. This increased the number of thermal power 
plants. 

Effects of thermal discharges can vary according not only to the temperature and flow of the discharged 
water, but also to the physical characteristics of the receiving waters, being the most important consequence of 
increased temperature the decreased solubility of oxygen, as dissolved oxygen is necessary for many forms of 
aquatic life (Miller and Brighouse, 1984). Thermal power plants use the once-through cooling system to 
hydraulically cool down the condensers. As a result, the water bodies of open channels are then affected (Ali et 
al., 2009). In Egypt and as the demand on electricity increases rapidly, the heat pollution problem has been 
recognized and the Ministry of Water Resources and Irrigation has set rules and regulations in order to maintain 
the proper environment as well as stability of channels. These rules and regulations are included in the Ministry 
of Water Resources and Irrigation and the Ministry of Environment Law No. 9, 1994 that propose restrictions on 
the discharge of heated water to open channels by limiting the increase in water temperature to 5 C above the 
ambient water temperature value with a maximum water temperature of 35 C. Also, the area of mixing zone 
should be minimal and not exceed one third of the canal width. The re-circulation of warm water will result in a 
reduction of the cooling efficiency and finally will lead to the shutdown of the power plant, as the condenser 
temperature will exceed the permissible range (Delft Hydraulics, 1975). Hence, no recirculation of the 
discharged warm water to the inlet structures is allowed. 

To study the effect of the cooling system on the environment and the cooling efficiency, hydraulic models 
are considered one of the tools that may give a clear insight of the behaviour and spread of the cooling water 
needed for operation (Ali et al., 2009). Mathematical model studies are seldom appropriate for thermal 
discharge predictions (Miller and Brighouse, 1984), being physical models more appropriate when studies of the 
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impact on receiving waters are carried out. In Talkha Power Plant, a new power generation unit of a capacity of 
750 MW is to be added.  

The objective of this study was to investigate both environmental and hydraulic impacts of extending the 
generation capacity of Talkha Power Plant by adding the new generation module and ensure that the cooling 
system of the power plant complies with the regulations. The hydraulic cooling system withdraws water from 
the Nile River for the hydraulic cooling process of the condenser and then discharges the warm water again to 
the River. To achieve this objective, a physical model of undistorted scale 1:40 was constructed according to 
Froude similarity law at the Hydraulics Research Institute, Egypt. 

 
Study Area at Talkha Power Plant: 

 
Talkha power plant generates electricity using two different methods by steam turbines and gas turbines. 

Both plants drew water from River Nile. New Talkha 750 MW Combined Cycle Project located within the 
boundaries of the existing Talkha Power Generation Compound. The site is located in Talkha City, Dakahlia  
Governorate, on the west Bank of the River Nile, Damietta Branch, Egypt  (Fig. 1). The facility is designed to 
include a power block consisting of two 250 MW combustion turbine generator, each feeding exhaust gases to 
its respective heat recovery steam generator.  Steam from the two turbines is fed to one 250 MW condensing 
steam turbine generator. The facility's net output is 750 MW. The Power Plant cooling water is withdrawn from 
Damietta Branch of the Nile River. 

 
Fig. 1: Location of Talkha Power Plant. 

 
The existing generation modules of Talkha Power Plants are  (Fig. 2) 2*50 MW combined cycle units with 

a cooling water requirement of 6.2 m3/s at a temperature rise of 10 ºC and 2*210 MW thermal units with cooling 
water requirement of 16.83 m3/s at a temperature rise of 10 ºC. The new module has a generating capacity of 
750 MW and requires 13.5 m3/s of cooling water with a temperature rise of 8 ºC across its condenser  (HRI, 
2003).  

The new intake structure is located in the same place of the old intake structure of the power unit of (3*30 
MW), about 40 m D/S the C.L. of the intake structure of the power unit of (2*210 MW). The intake structure 
has a total width of 45 m with a weir that extends for the same distance  (Fig. 3). The weir has a height of 2.5 m 
and an elevation of 0.5 m (MSL). Moreover, the intake structure is provided with a trash bar screen to prevent 
submerged and floating weeds respectively.  

On the other hand, heated water is discharged from the cooling system to the river via the outlet structure. 
The new outlet structure  (Fig. 4) is located 190 m D/S the intake structure, nearly in the same place of the old 
outlet structure of the power unit of (3*30 MW). It consists of a discharging pipe of an inner diameter of 2.5 m, 
an impact baffle of 2 m height to reduce water velocities through the pipe and a weir of 5.5 m width to control 
the discharged warm water to the river. The outlet structure has an angle of 45o with the main flow direction and 
it is enclosed with a sheet pile wall. This selected angle provides adequate mixing mechanism between the 
discharged warm water and the River cooling water as it would generate enough mixing turbulence and 
maintain acceptable lateral flow velocities.  

 
Data Accumulation and Field Measurements: 

 
The study area was visited several times and field measurements were carried out (HRI, 2003). The field 

investigation was used in the design and calibration of the model. It included bathymetric survey for a length of 
5km from the Nile River-Damietta branch at the site location, and flow measurements, which were carried out 
using current meters. Bed sampling was also performed in order to investigate the characteristics of the channel 
bed.  The data analysis proved that the prototype bed roughness could be modeled by implementing smooth fare  
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Geometric and Dynamic Similarity: 
 
The model was chosen to be of the undistorted type, with a constant scale ratio in all dimensions such as 

length, width, and depth.  According to the nature of the phenomena and the necessary part of the channel, 
which must be simulated in order to achieve a full description of the phenomena and the available space in the 
research hall, a scale ratio of 1:40 was chosen. It is meant by the dynamic similarity that the corresponding 
forces in nature and in the model show a fixed ratio.  For the case of free surface flow, the most relevant forces 
are the inertia, gravitational, buoyancy and viscous forces. The first considered dimensionless parameter is 
Froude number, which is the ratio between the inertia forces to the weight.  The value of the Froude number can 
be calculated from the following equation: 

gh

v
Fr                 (1) 

When the buoyance forces are considered, as in the case of thermal pollution, the densimetric Froude 
number is then considered, which is the ratio between the inertia to buoyancy forces and could be discribed 
using the following equation: 

gh
ρ

Δρ

v
Fr                (2) 

Where  
v=avarage flow velocity (m/s) 
g=gravitational acceleration (m/s2) 
h= mean flow depth (m) 
= density of the fluid (kg/m3) 
Δ=difference in density between the ambient and resultant warm water (kg/m3) 

 
The ratio between inertial to viscous forces is defined by the dimensionless parameter, namely Reynolds 

number, which is determined from the following equation: 

υ

vD
Re                (3) 

Where 
 =kinamatic viscosity (m2/s) 
D= mean flow depth (m) 

 
The velocity, discharge and time scale ratios are derived from the following equations: 

5.0
lv nn                (4) 

5.2
lq nn                (5) 

5.0
lt nn                (6) 

Using Eqs. (4-6) and bearing in mind that the length scale was chosen to be 1:40, the velocity, discharge 
and time scale will be 1:6.32, 1:10119, and 1:6.32 respectively. In order to achieve the densimetric similarity 
condition, and using Eq. (2), the density scale ratio should be equal to: 

mp




 




              (7) 

The model ambient water may not have the same water temperature as in the tested prototype case, as the 
model ambient water temperature would depend on the period during which the tests are executed (Summer-
Winter).  In order to overcome this variation, the model ambient water temperature is measured before each test 
and Eq. (7) is applied to compute the model Δ, and from which the required increase in the model water 
temperature could be evaluated. For detailed description of the used method and its application, it is 
recommended to review [3,9]. The temperature rise, ∆ , at each point x was calculated using the following 
equation: 

 

∆  = [                             (8)                             
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Where 
T0 =outfall water temperature (0C) 
Ti  =intake water temperature (0C) 
Tx =temperature at point x (0C) 
Tb =background temperature (0C) 
 

After constructing the model according to Froude similarity conditions, the flow in the model should be 
checked in order to assure that the Reynolds number in the model is over a certain critical value to insure that 
the turbulence transport in the model does not depend on the value of model Reynolds number.  According to  
(Jirka, 1992) and (James, 1993), the value for this critical Reynolds number was estimated to be over 2000 for 
river models and over 750 for jet discharging in ambient water. For the considered case the minimum model 
velocity is around 0.08 m/s and the corresponding depth is around 0.05 m. These values lead to a model 
Reynolds number equal to 3500, which fulfills the mentioned criterion. 

 
Model Calibration: 

 
According to the Froude similarity conditions, the model is considered calibrated when its water surface 

slope (dimensionless) has the same value as that in the prototype and the flow velocity distributions in the model 
have the same trend as that in the prototype. Velocity measurements took place over 4 cross sections in the 
prototype. Three of them were measurable in the model as shown in Fig. 5. They are distributed as follows: two 
cross sections downstream the outlet structures of the power plant (Cs 2 and Cs 4), one cross section between 
the intake and outlet structures of the power plant (Cs 3). Water depths and water surface slope were measured 
in the prototype. The prevailing water surface slope was 1.4 cm/km. The corresponding value was introduced in 
the model and then velocity measurements in the model were executed (Figs 6 -8).  
 

 
Fig. 6: Model calibration at cross section 2. 
 

 
Fig. 7: Model calibration at cross section 3. 

 

 
Fig. 8: Model calibration at cross section 4. 
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From all above, it can be revealed that the velocity distribution of the model has the same behavior as that 
of the prototype. However, there is a little difference between the velocity values of both the model and the 
prototype. These differences could be attributed to the percentage error of the velocity measuring equipment in 
both the model and the prototype. Then it is possible to conclude that the model is dynamically calibrated. 

 
Thermal Calibration: 

 
The isotherms of the water surface temperature for the winter flow condition were captured  (Table 1) and 

compared to the same condition in the model to check the similarity in thermal  performance. The results (Figs. 
9-10) show that both the model and prototype are thermally similar except for the part along the west bank and 
U/S the outlet structure of 2*50 MW. Fig. 10 shows that heat distribution in this part reaches seven degrees, 
while Fig. 9 shows less heat difference in the same part of three degrees. This can be attributed to the lack of 
measured data near the bank.  

 
Table 1: Flow and power plant operational conditions during bathymetric survey. 

Prototype 
Qriver 

(m3/s) 

W.L. 
(m) 

Power Plant Operational Conditions

Ambient River 
Water Temp.   

(°C)  
Flow Conditions 

2*210 MW Thermal 2*50 MW Combined

Q 
(m3/s)       

Δt   

(°C) 
Q 

(m3/s)      
Δt   

(°C) 
  

75 1.81 16.83 7 6.2 7 15.7 Winter Flow

 
From all above, it can be concluded that the model is well designed and constructed. Moreover, the figures 

prove that both the model and prototype are geometrically, kinematically, thermally, and dynamically similar. 
 

Tests: 
 
The test program covered the operation modes during the minimum winter closure flow and the dominant 

river flow in addition to maximum summer flow conditions. Three main flow conditions in the River were 
tested, namely maximum summer; minimum winter; and dominant flow conditions. Table 2 presents the test 
program with all the tests conditions and the configuration of the cooling system. The test program covered all 
possible cooling systems combinations, with respect to operational modes conditions, and the river flow 
conditions. 

The water surface temperature was sensed over 185 cross sections to draw a clear picture of the heat profile 
across the river width and to determine the boundaries of the mixing zone. The distance between these cross 
sections differs according to their locations.  

Emphasis was placed on the locations in front of the outlet structures. In these locations, the cross sections 
were spaced by a distance of 0.1 m (4 m in prototype). On the other hand, the cross sections in the vicinity of the 
intake structures and in the area located between the intake and outlet structures were spaced by a distance of 
0.2 m (8 m in prototype). At each cross section nearly 20 to 25 readings were registered at a depth of 1.9 cm 
(0.75 m in the prototype) according to the width of the river at the location of the cross section. A handset was 
used to measure the surface water temperature at the mesh points near the right bank that were not covered by 
the thermometers. Water surface temperature was measured in all the river flow conditions. The measured data 
was processed, analyzed and then plotted over a plan of Damietta branch in the area in front of the power plant 
with an isothermal line scale. 

 
Results and Discussion 

 
The results of heat measurements are presented in plan views. On the plan view, the locations of the outlet 

structures are plotted. Figs. 11 and 12 present the results of temperature measurements for tests 1 and 13. Table 
3 summarizes the complete tests results. In order to have an acceptable performance of the hydraulic cooling 
system from both operational and environmental point of view, the results should comply with the above 
mentioned criteria. The isothermal lines of all tests revealed that there was no re-circulation of the discharged 
warm water from the discharge structures of the three power units to the intake structures.  

The isothermal lines of test 1 demonstrated in Fig. 11 revealed that there is no re-circulation of warm water 
from any discharge structure to any intake structure. On the other hand, the heat distribution showed that the 
mixing process of the discharged warm water was complicated. The mixing zone blocked the river width and 
even reached the right bank. Therefore, the operation of the cooling system under these conditions is not 
acceptable. It should be noted that the cooling systems discharges constituted a ratio of 66% from the total River 
flow.  This implies that the River flow is not able to dilute the relatively high thermal load. On the contrary, the 
isothermal lines of test 13 shown in Fig. 12 revealed acceptable mixing characteristics as the ratio of the cooling 
water discharge to the total River flow is reduced to 15%. The heat distribution of test 4 illustrated that the 
mixing process was more complicated than test 1. The mixing zone blocked the river width and the thermal 
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Fig. 9: Comparison between prototype and model heat distribution from 0 to 3 degrees. 
 

plume reached the right bank with a temperature difference of 5 °C. Thus, the operation of the cooling 
system under these conditions is not acceptable. 

 
Table 2: Test program. 

Test  
Qriver 

(m3/s) 

Power Plant Operational Conditions Ambient 
River 
Water 
Temp.  

(°C)  

Flow and Operational Conditions 
2*210 MW 

Thermal 
2*50 MW 
Combined 

1*750 MW 
Combined 

Q 
(m3/s)      

Δt  (C) 
Q 

(m3/s)     
Δt   

(°C) 
Q 

(m3/s)     
Δt  (C) 

1 55.6 16.83 10 6.2 10 13.5 8 15 Avg. Minimum Winter Flow 

2 55.6 16.83 10 - - 13.5 8 15 
Avg. Minimum Winter Flow, the 2*50 

MW is shut down for maintenance 

3 55.6 16.83 10 6.2 10 8 13.5 15 
Avg. Minimum Winter Flow, one pump 
mode of operation for the 1*750 MW 

4 60 16.83 10 6.2 10 13.5 8 18 Winter Flow 

5 60 - - 6.2 10 13.5 8 18 
Winter Flow, the 2*210 MW is cooled 
down by means of the cooling tower 

6 60 16.83 10 - - 13.5 8 18 
Winter Flow, the 2*50 MW is shut down 

for maintenance 

7 60 16.83 10 6.2 10 8 13.5 18 
Winter Flow, one pump mode of 

operation for the 1*750 MW 
8 75 16.83 10 6.2 10 13.5 8 18 Winter Flow 

9 75 16.83 10 - - 13.5 8 18 
Winter Flow, the 2*50 MW is shut down 

for maintenance 
10 75 16.83 10 6.2 10 8 13.5 

 
18 Winter Flow, one pump mode of 

operation for the 1*750 MW 
11 150 16.83 10 6.2 10 13.5 8 24 Dominant Flow 

12 150 16.83 10 6.2 10 8 13.5 24 
Dominant Flow, one pump mode of 

operation for the 1*750 MW 
13 231.5 16.83 10 6.2 10 13.5 8 27 Summer Flow 
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Fig. 10: Comparison between prototype and model heat distribution from 6 to7 degrees. 

 

 
 
Fig. 11: Heat results of test 1-isotherm lines (ºC). 
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Table 3: Tests results. 

Test          
No. 

Mixing Zone Characteristics Ratio of Cooling 
Water Discharge to 

River Flow 
 (%) 

Maximum Water 
Temperature outside the 

Mixing Zone 
(°C) 

Width     
(m) 

Ratio of River 
Width     

(%) 
1 200 100 66 22 
2 70 35 55 19.5 
3 200 100 56 25 
4 70 35 61 22 
5 50 25 1 22 
6 80 40 22 22 
7 64 32 49 22 
8 50 25 41 22 
9 66 33 42 22 
10 40 20 25 28 
11 60 30 21 28 
12 40 20 16 31 
13 36 18 14 31.5 

 

 
 

Fig. 12: Heat results of test 13-isotherm lines (ºC). 
 
Conclusions and Recommendations: 

 
The goal of this research was to determine the impact of discharged heated water on the River environment. 

A comprehensive test program was carried out to check the sound performance of the Talkha Power Plant 
cooling system, including the proposed new 750 MW combined cycle. The test program covered the normal 
operational conditions of the cooling system together with different combinations. In addition, the average 
minimum flow during winter was simulated together with the most probable flow during winter period. Also, 
the dominant river flow was checked together with the maximum flow conditions. All these flow conditions 
correspond to the conditions in Damietta branch after the complete operation of El-Salam Canal. Based on the 
velocity and heat results of the performed tests, a number of conclusions and recommendations were drawn in 
order to judge the performance of the cooling system. 
- The full operation of the cooling system is completely prohibited in case of river discharge less than 60 m3/s 

(Test 3) as the rules of Law 48/1982 would be violated. 
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- The one pump mode of operation, in case of all units in use, should be prevented when the River flow is 

less than 60 m3/s (Test 4).  
- The heat results of summer tests demonstrate that the performance of the cooling system is acceptable.  
- The 45 degrees inclination of the new Talkha 750 MW outlet structure results in preventing the re-

circulation of the discharged warm water to the intake structure.  
 

Increasing the temperature of the discharge increased the downstream length of the plume and the distance 
the plume extended from the left bank. Plume distance from bank was greatest at the lowest river flow tested. 
Future research work is required in order to define the effect of the discharge structure design and configurations 
on the initial mixing mechanism. This may lead to enhance the numerical modeling capabilities to describe the 
initial mixing characteristics in the near field mixing zone. If the initial mixing is well defined, more reliable 
numerical simulations of the near field mixing zone will be achieved.  
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List of Symbols: 
 
A= surface area (m2) 
B= model width (m) 
Cw =specific heat of water 
D=mean flow depth (m)                        
g=gravitational acceleration (m/s2) 
h=mean flow depth (m) 
K=heat loss coefficient in (watt s / m2 / 0C) 
K=heat loss coefficient 
L=distance between outfall and temperature measurement cross-section (m) 
Q=discharge (m3/s) 
Qc=cooling water flow (m3/s) 
T=point temperature (oC) 
T0=outfall water temperature (0C) 
Ti=intake water temperature (0C) 
Tx=temperature at point x (0C) 
Tb=background temperature (0C) 
TL=temperature at L (0C) 
TE=equilibrium temperature (0C) 
U=wind velocity in (m/s) 
V=avarage flow velocity (m/s) 
Wh=heat-loss per unit surface area (w/m2) 
β= vapor pressure coefficient 
= density of the fluid (kg/m3) 
Δ=difference in density between ambient and resultant warm water (kg/m3) 
=kinamatic viscosity (m2/s) 
ώ=heat transfer coefficient (w/m2 oC) 


