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Abstract: This work deals with the studying the chemical properties in wastewater of thermal power 
plant (TPP). Minimization of pollutants that with draw to the river by using wastewater treatment unit. 
The research involved the analysis of wastewater samples through key water quality parameters and by 
the most convenient analytical tools. The study deals with the conferences of AL-Doura power thermal 
station that was built in 1966, and bombed in 1980 in first Gulf war, made additional built (two unit 
each produced 160 Mw) in 1985 by Siemens and in 1988 built second two unit each produced 160Mw 
by Ansaldo. The results show that the values of temperature and total suspended solid in summer are 
out of restrictions. Therefore, the study recommended building Advanced Primary treatment unit in the 
station. 
 
Key words: wastewater; thermal power station; wastewater treatment; wastewater properties  

 
INTRODUCTION 

 
 Outside of laboratory there is no such thing as "pure" water. Even rain water, for example, will take on 
gases, solid particles and other "impurities" as it falls through the air to the earth. As water strikes the ground 
and flows across or through the surface of the earth, as would be expected, it takes on the characteristics of the 
materials it has encountered. For example, minerals are dissolved and contribute to the dissolved salts that are 
normally found in waters. At the same time organic matter from decomposed vegetation or from the soil, will 
also dissolve or be carried along with the water. Thus, waters will have many natural impurities. Generally these 
impurities do not detract from utilization of the water, e.g., drinking, washing, etc. Our main concern will be 
with waters that have been used by man and then discarded. While such waters have in the past been commonly 
referred to the sewage, over the more recent years they have come to be called "wastewaters". The discharge 
of wastewater without treatment may cause microorganisms, in rivers, lakes and even seas to which they send, 
consumes the dissolved oxygen and cause depletion of the oxygen concentration in them. Wastewater is about 
99.94 percent water, with only 0.06 percent of the wastewater dissolved and suspended solid material (Wissam, 
2007). 
 Al-Rekabi states that wastewater treatment plant is designed to remove from the wastewater enough organic 
and inorganic solid so that it can be disposed of without contravening or affecting the objectives sought. 
Treatment devices merely localize and confine these processes to a restricted, controlled, suitable area or 
environment and provide favorable conditions for the acceleration of the physical and biochemical reactions 
(Wissam, 2007).  
 Vladana examined the necessity for consequential chemical control of the water steam cycle of a thermal 
power plant in Serbia and found that the improvement of water quality was considered and connected with 
chemical processes which affect corrosion processes. High quality of ultra pure water assures more reliable 
water steam cycle operational capabilities, which lead to more reliable thermal power plant operation (Vladana, 
2011).  
 
Steam Power Station: 
 The combustion of oil in boiler produces steam, at high temperatures and pressures, which is passed to 
steam turbines. Oil has economic advantages when it can be pumped from refinery through pipelines direct to 
the boilers of generating station.  
 The axial-flow type of turbine is in common use with several cylinders on the same shift. The steam power 
station operates on the Rankine cycle.  
 A chemical water treatment plant (CWTP) for demi water production and a polishing plant (PP) for 
condensate purification are the systems for ultra pure water production. The PP is a system for the make-up of 
feed water and it is a part of the water steam cycle (WSC), as presented in Fig. 1. 
 
Water Steam Cycle (WSC): 
 The water steam cycle (WSC) consists of: a PP, a feed water tank (FWT), a boiler (B), a turbine (T) and a 
condenser (C). Conditions within the WSC are extreme, with high pressures, high temperatures and various 
other features of steam. 
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 Due to the loss of the condensate (caused by evaporation or leakage) in the WSC, demineralised water from 
the FWT is continuously added. Deaerated water in the FWT is the source for steam generation, produced in 
boiler. Steam, with an adequate temperature and pressure, enters the turbine (Vladana, 2011). 
 
Wastewater Treatment: 
 The characteristics of waste water has become more extensive, and as the techniques for analyzing specific 
constituents and their potential health and environmental effects have become more comprehensive, the body of 
scientific knowledge has expanded significantly. 
 Many of new treatment method being developed are designed to deal with health and environmental 
concerns. However, the advancement in treatment technology effectiveness has not kept pace with the enhanced 
constituent detection capability. Pollutants can be detected at lower concentrations than can be attained by 
available treatment technology. Therefore, careful assessment of health and environmental effects and 
community concerns about these effects becomes increasingly important in wastewater management. The need 
to establish a dialogue with the community is important to assure that health and environmental issues are being 
addressed. Water quality issues arise when increasing amounts of treated wastewater are discharged to water 
bodies that are eventually used as water supplies (Gerard Kiely, 1997). 
 

 
 
Fig. 1: Water - steam cycle. 
 
Treatment Methods: 
 Methods of treatment in which the application of physical forces predominate are known as unit operations. 
Methods of treatment in which the removal of contaminants is brought about by chemical or biological reactions 
are known as unit processes. At the present time unit operations and processes are grouped together to provide 
varies levels of treatment known as preliminary, primary, advanced primary, secondary and advanced treatment 
(Table 1-1). 
 
Table 1-1: Levels of wastewater treatment. 

Description Treatment level 
Removal of wastewater constituents such as rags, sticks, floatables, grit, and grease that may 

cause maintenance or operational problems with the treatment operations, processes, and 
ancillary systems. 

Preliminary 

Removal of a portion of the suspended solids and organic matter from the wastewater Primary 
Enhanced removal of suspended solids and organic matter from the wastewater. Typically 

accomplished by chemical addition or filtration 
Advanced Primary 

Removal of biodegradable organic matter (in solution or suspension) and suspended solids. 
Disinfection is also typically included in the definition of conventional secondary treatment 

Secondary 

Removal of biodegradable organics, suspended solids, and nutrients (nitrogen, phosphorus, or 
both) 

Secondary with nutrient removal 

Removal of residual suspended solids (after secondary treatment), usually by granular 
medium filtration or microscreens. Disinfection is also typically a part of tertiary treatment. 

Nutrient removal is often included in this definition 

Tertiary 

Removal of dissolved and suspended materials remaining after normal biological treatment 
when required for various water reuse applications 

Advanced 

 
Water Pollution: 
 Water pollution problems in many parts of the world are far . It has been estimated that in year 2000, 2.2 
billion people in the developing countries will lack access to safe drinking water, and 2.7 billion will lack access 
to sanitation services. Growth in numbers lacking access to safe water and sanitation will driven in large part by 
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the growth rate of people living in urban areas. Most urban centers in Africa and Asia have no sewage system at 
all, including many cities with populations over 1 million people. The result is a tragic rate of morbidity and 
mortality in the less developed parts of the world. Waterborne diseases, such as cholera and typhoid, cause more 
than 1.5 billion episodes of diarrhea each year resulting in 4 million deaths annually(UNEP,1993) (Gilbert, 
1998). 
 
Water Pollutants: 
 PH: - The hydrogen – ion concentration is an important quality parameter of both natural waters and 
wastewaters. The usual means of expressing the hydrogen– ion concentration is as PH, which is defined as the 
negative logarithm of the hydrogen – ion concentration. 
 
PH=-log10[H

+] 
 
 The concentration range suitable for the existence of most biological life is quite narrow and critical (6 to 
9). Wastewater with an extreme concentration of hydrogen ion is difficult to treat by biological means, and if the 
concentration is not altered before discharge, the wastewater effluent may after the concentration in the natural 
waters. For treated effluents discharged to the environment the allowable PH range usually varies from (6.5 to 
8.5) (Metcalf, 2004). 
 TSS: - The solid content of water is one of most significant parameters. The amount, size, and type of 
solids depend on the specific water. (Total suspended solid), the sum of total dissolved solids (TDS) and total 
suspended solid (TSS) is total solid (TS). The suspended solids portion is by definition, the portion of total 
solids that can be removed by a membrane filter (having a pore size of about 1.2 µm). The reminder (TDS) that 
cannot be filtered includes dissolved solids, colloidal solids, and very small suspended particles. 
 COD: - (chemical oxygen demand). Some organic matter, such as cellulose, phenols, benzene, and tannic 
acid, resists biodegradation. Other types of organic matter, such as pesticides and various industrial chemicals, 
are non biodegradable because they are toxic to microorganisms. The COD is a measured quantity that does not 
depend on the ability of microorganisms to degrade the waste. In COD test, a strong chemical oxidizing agent is 
used to oxidize the organics rather than relying on microorganisms to do the job (Gilbert, 1998).  
 Chlorides: - Chloride is a constituent of concern in wastewater as it can impact the final reuse applications 
of treated wastewater. Chlorides in natural water result from the leaching of chloride – containing rocks and 
soils with which the water comes in contact and in coastal areas from saltwater intrusion. In addition, 
agricultural, industrial, and domestic wastewaters discharged to surface waters are source of chlorides. 
 Sulfur: - The sulfate ion occurs naturally in most water supplies and present in wastewater as well. Sulfur 
is required in the synthesis of proteins and is released in their degradation. Sulfate is reduced biologically under 
anaerobic conditions to sulfide which, in turn, can combine with hydrogen to form hydrogen sulfide (H2S). The 
following generalized reactions. 
 
Organic matter SO4-2                    S-2 +H2O +CO2  
S-2 +2H                     H2S 
 
 Sulfates are reduced to sulfides in sludge digesters and may upset the biological process if the sulfide 
concentration exceeds 200 mg/L. Fortunately, such concentrations are rare. The H2S gas, which is evolved and 
mixed with the wastewater gas (CH4 +CO2), is corrosive to the gas piping and, if burned in gas engines, the 
products of combustion can damage the engine and severely corrode exhaust gas heat recovery equipment, 
especially if allowed to cool below the dew point (Metcalf, 2004).  
 Thermal pollution: - is an excessive change in nature or ambient water temperature caused by the addition 
or removal of heat through man's activities. The major heat-producing is electric generation power (thermal or 
nuclear). The discharge of heated water directly to the river can be more dangerous to the health of the receiving 
water than organic pollution. Higher temperature reduces solubility of oxygen and chemical reactions proceed at 
a faster pace, and the water may go anaerobic with disastrous effects on its odor and appearance (Ali, 2006). 
 
Experimental Work: 
 Standard methods are used to conduct the measurements of total suspended solids (TSS), chemical oxygen 
demand (COD), PH, sulfate, chlorine (APHA,1975). 
 

RESULTS AND DISCUSSION 
 

 Quality of representative samples of the wastewater in AL-Doura thermal power plant was accomplished in 
2010, 2011 and 2012. The parameters of water quality averages for raw water are presented in table 2 .The 
results for parameters of water quality for wastewater are presented in table 3. 
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 The results of wastewater are taking the average over each month in 2010, 2011, and 2012, environmental 
restrictions for protecting the rivers from pollution number 25 in 1967 for wastewater are presented in table 4. 
 It is found that the value of PH is on the region of environmental restrictions for protecting the rivers from 
pollution number 25 in 1967 for wastewater range (6-9.5) figure 2. The value of COD is on the region of 
environmental restrictions less than (100 mg/l) figure 3. The value of Chlorite is on the region of environmental 
restrictions less than (600 mg/l) figure 6. The value of sulfur (SO4) is on the region of environmental restrictions 
less than (400 mg/l), but in September 2012 exceeds the restriction (405 mg/l) figure 5. The value of TSS is out 
of the region of environmental restrictions greater than (60 mg/l) in most times (May, July, August) (88, 66, 
64)(mg/l) respectively and at the upper value in (June and October) 2010, The value of TSS is out of the region 
of environmental restrictions in (May, June, July, August, September, October, and November) (160, 120, 140, 
120, 100, 69, 67.2) (mg/l) respectively in 2011, The value of TSS is out of the region of environmental 
restrictions in (April and May) (66 and 70) respectively in 2012 figure 4. The value of Temperature is out of the 
region of environmental restrictions greater than (35 oc) in August (37oc) 2010, (May, June, July, August) (36, 
37, 40, 39) (oc) respectively in 2011, (July, August) (37, 38) (oc) respectively in 2012 figure 7.  
 
Table 2: Water quality of raw water. 

Temperature 
(oc) 

Chlorite (mg/L)Sulfur (mg/L)TSS (mg/L)COD (mg/L) PH months 

15 2836388.7 7 January 
17 30283597.2 February 
18 27324010.2 7.3 March 
21 303338107.1 April 
24 27385287.2 May 
27 37394847.3 June 
30 3636513.2 7.4 July 
40 3635507.5 7.6 August 
29 38.535209.8 7.6 September 
24 3836479.6 7.7 October 
17 3634308.5 7.3 November 
16 353028117.2 December 

 
Table 3: Water quality of wastewater.  

Temperature (oc) Chlorite (mg/L)Sulfur (mg/L)TSS (mg/L)COD (mg/L) PH month 
2012 201
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0 

201
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201
1 

201
0 

201
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201
1 

201
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201
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201
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201
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201
2 

201
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201
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201
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201
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2010 

20 19 19.5 99.4 75 66.7 268 335 280 31 45 50 4.3 13 11.9 7.2 7.3 7.2 January 
22 17.5 20 63.9 62.4 71 250 330 200 28 44 45 7.2 15 12 6.7 7.5 7.1 February 
2520 22 99.9 63.966.73002002103757556.9 9.4 13.8 6.5 8.2 7.2 March 
28 29.2 22.8 63 74.5 62.3 145 75 220 66 50 50 4.2 14 13.5 7 7.4 7.3 April 
3036 27.7 64 7162.91507233070160884 23 11 8.2 7.5 7.3 May 
31 37 30 63.9 134 80250 225 35052 120 60 4.6 9.5 6 7 8.3 7.2 June 
37 40 33 94 120 78 245 130 280 38 140 66 5 10 4 7.3 7.8 7.5 July 
3839 37 95 11011625022023037120644.5 6 10 8 7.5 7 August 
30 31 33 98 99 99.4 405 325 230 35 100 28 6 12 13.5 7 7.2 7.8 September 
3433 30 90 81.896.82503002504569606 6.5 12.9 7.2 7.3 7.5 October 
23 25 21 85 90.4 80 235 285 230 43 67.2 40 7 3.6 11.9 7.3 7.1 7 November 
30 21 20 89 99.4 81.2 225 275 180 39 52 34 7.9 4.8 16 7.1 7.2 7.1 December 

 

 
 

Fig. 2: Variation in PH for wastewater in al-Duara thermal station in 2010,2011 and 2012. 
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Table 4: Environmental restrictions for protecting the rivers from pollution number 25 in 1967 for wastewater. 
environmental restrictionsWastewater parameter  

6- 9.5PH 1 
< 35Temperature (oc) 2 
< 100COD (mg/L) 3 
< 60TSS (mg/L) 4 
< 400Sulfur (mg/L) 5 
< 600Chlorite (mg/L) 6 

 

 
Fig. 3: Variation in COD for wastewater in al-Duara thermal station in 2010,2011 and 2012. 

 

 
 

Fig. 4: Variation in TSS for wastewater in al-Duara thermal station in 2010,2011 and 2012. 
 

 
 

Fig. 5: Variation in Sulfur for wastewater in al-Duara thermal station in 2010,2011 and 2012. 
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Fig. 6: Variation in Chlorite for wastewater in al-Duara thermal station in 2010,2011 and 2012. 
 

 
 
Fig. 7: Variation in Temperature for wastewater in al-Duara thermal station in 2010,2011 and 2012. 
 
Conclusion: 
 The necessity for improving wastewater quality from AL-Doura thermal power station is by building 
Advanced Primary treatment unit before discharge wastewater into river. 
 In hot countries like Iraq the difficult time for thermal power station operation in summer that made the 
properties of wastewater out of restriction especially total suspended solid (TSS) and temperature therefore, 
Advanced Primary treatment used to enhance removal of suspended solids and organic matter from the 
wastewater. Typically accomplished by chemical addition or filtration. 
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