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INTRODUCTION 
 
Drinking water is the most important natural resource as only less than 1% of the total water on the planet is portable and 

accessible. Sustained supply of safe and potable drinking water is of paramount significance in the promotion of the health and 

well-being of the people [1]. Water is known as the most abundant substance in the world; however, the availability of potable 

water is different from one place to another. The great civilization from the ancient time was build up close to or along with 

water sources, and it indicates the importance of water [2]. 

 

The water treatment plant can be defined as the processing of water to achieve a water quality that meets specified goals or 

standards set by the end-user or a community through its regulatory agencies. The development of WTP practice has a rich 

history of empirical and scientific developments and challenges met and overcame [3]. Most current drinking WTPs use 

conventional treatment methods like coagulation-flocculation, sedimentation, sand filtration, and disinfection to produce fresh 

potable water [4-6]. Quality of the water system used to be analyzed through an intake, raw water, treatment, and transmission. 

Every treatment plant for proper treatment it needs to consider unit operations unit processes depending upon the raw water 

quality. 

Further proper operation and maintenance should be done [7]. The performance evaluation of a WTP is a process to measure the 

functioning efficiencies based on some established performance indicators such as a degree of removal of pollutants such as 

turbidity, color, suspended impurities etc. [8]. Treatment or purification of water is considered as a critical challenge, especially 

in developing countries since this treatment is an essential facility to conserve the public health and the environment by 

eliminating waterborne diseases and pathogens [6].  The most common problems faced today in drinking WTPs are non-

optimized use of chemicals, the operation of unit processes, sludge production, and energy consumption. Despite this, the 
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this makes the filtration process in low quality. For improving the process of filtration, an adequate adding of filter media 
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traditional approach for WTP efficiency evaluation is almost always based solely on legislation compliance of the treated water 

[8]. Hassan and Mahmood [9] conducted a study to assess the drinking water quality in two treatment plants before distribution 

to the consumer in Baghdad city. The results showed variation in drinking water quality parameter values in both treatment 

plants. They developed the Comprehensive Performance Evaluation (CPE) for WTPs as part of a strategy to provide clean 

drinking water to the citizens. Over the years, the standards for drinking water have been made stringent, however the processes 

for purification remains the same. The individual units of treatment plants have been designed keeping in consideration the 

drinking water standards at the time of construction [10]. The contributions of this subject to the knowledge is to check whether 

the performance of the WTP along with its units are capable of delivering water as per the current drinking water standards or 

not. If performance is not optimized, it also provides valuable insights into possible causes of the performance problems and 

serves as the basis for other CPE findings [10]. 

 

Iraqi Kurdistan Region is experiencing a rapid increase in population. Effective management of water resources through 

legislative control on water quality is currently being restricted by a lack of national water quality guidelines [11]. Erbil City is 

currently served by two types of water resources, groundwater and surface water. There are three WTPs on Greater-Zab river 

that produce drinking water to Erbil City. Due to some daily problems in the operation and maintenance of these WTP, a clear 

need, therefore, exists for research to focus on detailing a performance assessment system for treatment plants. This study 

focuses on identifying these problems by evaluating of the efficiency of each unit for turbidity removal through analyzing inlet 

and outlet samples to assess the actual performance of Ifraz 2 WTP units. To date, analyzing Ifraz 2 WTP units, performance 

evaluation of the units and identifying problems with appropriate solutions have not been published. 

 

MATERIALS AND METHODS 

 

2.1  Site Description  

Erbil City is located in the Kurdistan region of Iraq, 350 km north of Baghdad; Erbil province is the capital of Iraqi Kurdistan 

with about one million populations and situated in the northeast of Iraq. Its boundaries extended from longitude 43
°
 15′ E to 45

°
 

14′ E and from latitude 35
°
 27′ N to 37

°
 24′ N [11].  Erbil city is currently served by two main types of water resources, 

groundwater and surface water. There are about 1000 deep wells served in Erbil city and they produce about 40% of the total 

demand for drinking water. However, surface water is the second significant source of drinking water in Erbil city. There are 

four WTPs on Greater-Zab River; three of them produce drinking water to Erbil City, with about 60% of the total drinking water 

consumed in Erbil city. Three WTPs were constructed on Greater-Zab river at Ifraz village, Figure 1.   

 

 
Figure 1: WTPs on Greater-Zab river 

 

2.2 Sample collection 

An average of 4 samples per month was collected from November 2018 to May 2019. The samples were collected from raw 

water, after sedimentation, after filtration, and after disinfection. The samples were collected between 9 to 11 am as shown in 

Table 1 in 500 ml glass bottles in the locations, as shown in Figure 2. All samples have taken in Erbil WTP, the raw water 

samples collected at the inlet of the trunk main at Erbil WTP. The samples were collected and analyzed according to [12] in 

Erbil Water Directorate Laboratory. Removal efficiencies for the WTP units were calculated according to the equation: 

 

    
          

  
 * 100 … (1) 

 

Where:  
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RE = Removal Efficiency, % 

   = turbidity of the water sample before treatment, NTU. 

    = turbidity of the water sample after treatment, NTU 

 

 

 
Figure 2: Sampling locations 

 

 

RESULTS AND DISCUSSIONS 

 

3.1 Plant Description 

Ifraz 2 WTP is provide drinking water to a part of Erbil, Figure 3.  It is E and N values are 43
° 
59′ 44″ and 36

° 
12′ 58″. The plant 

was constructed in 1983.  The capacity of the plant is 69120 m
3
/d, but now it supplies about 48000 m

3
/d. Raw water from 

Greater-Zab River pumped to Ifraz 2 WTP by 800 mm steel pipe. The length of the pipe from the intake on the Greater-Zab 

River to the Ifraz 2 WTP is 27.65 km. The plant did not have any expansion since the first construction, but some renovation/ 

modification for the filtration unit in 2009 and providing the grit chamber for the intake part in 2011 was performed. 

 

Table 1: Turbidity value for the collected samples in different units 

No. Date pH Temperature 
Inlet Turbidity 

NTU 

After Sedimentation 

NTU 

After filtration 

NTU 

Storage Tank 

NTU 

1 01/11/2018 7 18.0 825 7.7 4.4 5.6 

2 11/11/2018 7.07 17.6 1926 12.8 5.4 4.9 

3 18/11/2018 7.12 17 670 14 5.0 3.7 

4 25/11/2018 7 16 1000 15.6 2.8 1.2 

5 03/12/2018 6.9 15 1780 23.8 6.2 7.3 

6 09/12/2018 7.13 14 640 11.1 3.93 5.2 

7 17/12/2018 7.44 13 192 12 4.1 3.2 

8 26/12/2018 6.84 13 200 14.9 2.3 3.3 

9 02/01/2019 7.4 12 242 11 4.5 6.6 

10 13/1/2019 6.89 10 51.8 20.3 4.3 3.9 

11 21/1/2019 7.75 11 68.3 23.4 7.1 9.7 

12 30/1/2019 6.6 13 1978 29.9 3.2 2.4 

13 03/02/2019 6.83 14.0 684 10.3 4.5 5.4 

14 07/02/2019 7.02 14 157 9.49 4.4 3.2 

15 17/2/2019 7.33 14.1 292 15.9 4.3 3.2 

16 26/2/2019 6.89 14.2 64.3 12.4 4.1 4.0 

17 04/03/2019 7.5 13.5 95 11 5.3 3.5 

18 17/3/2019 7.39 12.8 283 10 3.0 3.0 

19 24/3/2019 7.64 14.4 75 15 6.0 6.0 

20 31/3/2019 7.47 14.6 1000 8.75 6.19 6.3 

21 07/04/2019 7.31 18.2 669 14 5.0 5.8 

22 13/4/2019 7.11 21.8 454 12.8 6.7 7.0 

23 21/4/2019 7.17 19.2 430 10 3.0 3.8 

24 29/4/2019 7.32 16.8 236 21.4 3.5 3.6 
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Figure 3: Ifraz 2 WTP site 

 

3.2 Process Description 

3.2.1 Intake  

The first step in the treatment of water is the removal of floating or suspended debris and living organisms, possibly including 

fish [13]. Intakes are structures built in a body of water for the purpose of drawing water for human use [14]. It locates at Ifraz 

villages, and it is E and N values are 43
o
 48’ 52" and 36

o
 24’ 24", Figure 4. A bar screen and four pipes (two pipes of 250 mm 

diameter and the two remain pipes with a diameter of 300 mm sucks raw water from Greater-Zab river to the grit chamber). The 

discharge for the first group and second group submersible pumps are 720 m
3
/h and 1440 m

3
/h, respectively. The Head of 

submersible pumps is 10 m. Low lift pumps consist of six pumps. Flow and head for the low lift pumps are 720 m
3
/h and 210 m, 

respectively. 

 

 
Figure 4: Water intake of Ifraz 2 WTP on Greater-Zab River 

 

3.2.2 Coagulation Process 

Coagulation is pronounced as a chemical treatment process that mixes coagulating chemicals with water and destabilizes 

colloidal particles as opposed to the physical treatment operations of flocculation and filtration that follow [13]. It is the first 

treatment for incoming raw water. In this stage, alum (aluminum sulfate) is added at the highest mixing speed, mixing by 

rotating mixing paddles to the flow of water. Several factors affect the type and amount of coagulating chemicals required, 

including the nature of suspended solids and the chemical characteristics of the influent water [15]. The raw water is coagulated 

continuously with alum in a flash mixer tank with a specific retention time of 130 s. The amount of added alum depends on the 

raw water turbidity and the result of the daily Jar Test Laboratory.  The dimensions for the flash mixing unit are 3 x 4 x 6 m. 

 

The volume of coagulation unit = 72 m
3
 

Design flow = 2880 m
3
/h = 0.8 m

3
/s  

 

Detention time (t) = 
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Where   

 t = theoretical detention time, s  

V = volume of fluid in reactor m
3
    

Q = flow rate into reactor, m 
3
 / s    

    = 72 m
3
/0.8 m

3
/s = 90 s 

But now the flow is 2000 m
3
/h (0.55 m

3
/s)  

Detention time = 72 m
3
/0.55 m

3
/s = 130 s                     

      

3.2.3 Flocculation Process 

Flocculation may be broadly described as physical processes that mix coagulating chemicals and flocculation aids with water 

[16]. Flocculation is gathering small particles and forms a bigger settable particle. The largely formed particle calls floc [17]. 

The time requirements for flocculation are more dependent on the requirements of downstream processes. For conventional 

treatment where settling follows flocculation, the flocculation time ranges from 20 to 30 minutes [18].  In Ifraz 2 WTP, three 

clarifiers with flocculation inside the clarifiers are used, Figure 6. The diameter of the flocculation tank is 11 m and the depth of 

water in the tank is 5.5 m as well. Detention time of 24.36 minutes with a slow mixing of 20 rpm is used for forming flocs.  

Detention time for the flocculation Unit is calculated as follow:  

The volume of flocculation tank =   r
2
 x depth of water 

When r = radius of flocculate = 5.5m - 0.75 m = 4.75 m 

0.75 m is the radius of raw water input to the flocculation 

Volume of flocculation tank =  r
2
 x 5.5m = 389.85m

3 
Q per flocculation tank = 2880m

3
/h /3 (number of flocculate) = 960 m

3
/h 

Detention time = V/Q = 389.85m
3
 / 960 m

3
/h = 0.406 h = 24.36 min 

However, for the flow of 2000 m
3
/h, detention time for the flocculation process is 35.08 min. 

 

3.2.4 Sedimentation Process 

Sedimentation is one of the most basic processes of water treatment [19]. Sedimentation is recommended as simple and low-cost 

pre-treatment in which removes undesirable small particulate suspended matters (sand, silt, and clay) and some biological 

contaminants from water under the influence of [20]. The whole depth of the sedimentation tank is 4 to 5.5 m, Figures 3 and 5.  

 

 
Figure 5: Sedimentation tank with flocculation unit 

 

3.2.5 Filtration Unit 

Filtration is the final part of removing unsettled floc and suspended particles. The rapid sand filter is the most common filter type 

in use. In the sand filter, which is consist of layers of water move vertically. Effective filtration is that extend to the depth of the 

filter, and it accounts as a key working of the filter. If the upper layer of sand blocks whole particles, it will clog faster [13]. In 

the Ifraz 2 WTP, water is directed from the sedimentation basins to 12 rapid sand filters by two pipes.  The water flows by 

gravity. Each pipe feeds 6 filters. The length and width of each filter tank are 8 m and 6 m, respectively.  In Ifraz 2, WTP sand 

with a thickness of 60 cm is designed as filter media.  In some parts of the filter tanks, the thickness reduced to 30 cm, which is 

cause problem for the filtration process. Air and water are used for the backwashing process.  Treated water of 2 to 2.5 % is used 

for the backwashing of the filters. 

 

To determine the number of filters, the following formula as a guide to determining the required number of filters [6, 18]. 

 

               … (7)  

 

Where, 
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F: treated water flow rate (m
3
/d)  

N: number of sand filters 

The design capacity of Ifraz 2 WTP is 69120 m
3
/day  

N =                = 11.56 numbers 

In Ifraz 2 WTP there are 12 filters and it is ok. 

Filtration rate = Q per filter tank/ area of filter tank 

Q per filter tank = 69120 m
3
/day/12 = 5760 m

3
/day = 240 m

3
/h. filter 

Filtration rate = 240 m
3
/h/ (8m x 6m) = 5 m

3
/m

2
. h = 5 m/h 

Filtration rate of 5 m/h is in the range reported in the literature [18, 21]. 

 

3.2.6 Disinfection/Chlorination 

The object of chlorination is to disinfect the filtered water to make it suitable for portable use [22]. Chlorine is added to the 

process to kill and inactivate any remaining pathogens [23]. In Ifraz 2 WTP and after the filtration stage, the filtered water passes 

to the disinfection unit. Chlorine gas is added before the storage and distribution of treated water. After the disinfection step, 

water is ready to pump into the network to distribute to the homes and business places.  

 

3.2.7 Storage and other facilities 

After the water has been purified in the treatment plant, it will store in the large underground tank with a capacity of 3000 m
3
. 

Then from the reservoir, water is directly pumped to the water distribution system using six pumps with a capacity of 690 m
3
/h. 

 

3.2.8 WTP Laboratory  

Ifraz 2 WTP has a laboratory to confirm that the water treatment process had been done properly and water is safe for drinking. 

There are daily tests chemically and biologically for water by taking different parameters, and it is done on-line monitoring 

process. They conducted daily Jar test for choosing the optimum dosage of coagulant for the coagulation process.  Chloride, pH, 

alkaline, hardness, conductivity, turbidity etc. are measured in the laboratory.  In addition, drinking water samples from various 

areas and sources are analyzed in the Ifraz 2 WTP laboratory.  

 

3.2.9 SCADA System 

Supervisory control and data acquisition (SCADA)  refers to virtually any data acquisition system, but usually, one who 

exercises monitoring and supervisory control of a number of sites from a control centre. Such systems are widely used in the 

water industry so that a 24 hour manned control centre can react to any problems arising at sources or throughout a water 

production facility or a water distribution system [24]. In Ifraz 2 WTP there was a SCADA room which has several duty such as 

controlling and monitoring all the parts and units of the project, input flow, pumps operation and how long it works, storge water 

tank level, input raw water turbidity, before and after filtration turbidity, and output turbidity, figure 6 

 

 
Figure 6: SCADA system 

 

Performance of WTP 

In order to assess the water treatment plant efficiency, twenty-four samples were collected from November 2018 to May 2019.  

The aim was to measure the turbidity parameter after each unit process and measured the efficiency of each unit and the whole 

WTP.  The results for the sedimentation basin, filtration unit, and storage units are presented in Table 1. Removal efficiency for 

the units and the entire WTP was determined using Eq. 1.  It can be noticed from Table 1 that a wide variation of turbidity values 

for the raw water were reported; the fluctuation was due to rainfall and the effect of surface runoff to the Greater-Zab River. 

Turbidity refers to the cloudiness of the water sample, which is mostly caused by the presence of suspended solids. High 

turbidity can cause taste and odor problems and will reduce the effectiveness of disinfection. Treatment of water against turbidity 

requires flocculation, sedimentation, filtration and disinfection process [25]. 
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The opportunity to optimize the performance of the major existing facilities of Ifraz 2 WTP is the essential due adequate size of 

the units, in this case, if performance problems are existing likely related to plant operation, maintenance, or administration. 

Figure 7 shows the removal efficiencies of turbidity for the sedimentation tank, filtration, and disinfection unit, respectively. The 

maximum and minimum removal efficiencies of the sedimentation tank were 99.34% and 60.81%, respectively.  The overall 

proportion of the total basin sedimentation was 92.25%; it can be noticed that a great part of the settleable solids was removed in 

the Sedimentation stage in the Ifraz 2 WTP due to the high initial raw water turbidity. Mohammed and Shakir [26] observed the 

overall removal efficiency of the sedimentation basin 46% in Al-Wahdaa Project Drinking WTP. In addition, Mahinge and 

Khedikar [27] stated that the overall turbidity removal in clarifier of 77.30% at a Midc Hingna WTP in India.  

 

 Alnasrawi, et al. [28] conducted a study for evaluating drinking water quality and plant efficiency in Karbala- Iraq. They found 

that the higher efficiency of average turbidity removal for sedimentation units was 76.4% for plant 5.  

It is obvious to observe that effective removal of the sedimentation fluctuated during the period of the study due to the absence 

of using an optimum dosage of coagulation, especially on 3/12/2018, 13/1/2019, 21/1/2019, 30/1/2019, and 29/4/2019, which 

were more than 20 NTU.  

 

The turbidity of water after filtration had reached its highest value on 21/1/2019, with a total value of 7.1 NTU and lowered on 

26/12/2018 with a total value of 2.3 NTU. The mean of the turbidity abroad filtration basin is 4.55 NTU, as shown in Table 1. 

Mohammed and Shakir [23] observed the overall rate of turbidity abroad filtration basin 3.4 NTU. However, the removal 

efficiency of filtration basins had peaked on 27/1/2019 with around 89.3% and it lowered on 24/3/2019 with about 29.6%. While 

Mohammed and Shakir [23] observed the removal efficiency of filtration with around 86.7%, and it lowered with about 58.23%, 

which indicates a good result compared with Ifraz 2 WTP. The overall proportion of the removal efficiency filtration was 64.99. 

Alnasrawi et al. [28] found that the higher removal efficiency of plants of filtration units was 78.7% for plant6. Mohammed and 

Shakir [26] observed that the removal efficiency of the filtration basin was as high as 75%. Mahinge and Khedikar [27] observed 

that the removal efficiency of the filtration basin was (60%) at a Midc Hingna WTP in India.  

 

It observed that the rates of removal of the filtration basins are relatively medium with an average of 64.99% but show some 

problems when the turbidity entering the filter with water precipitated a high and this is what is observed in some samples. 

Furthermore, there were some real problems in the filtration process due to the lack of sand filter media. In some filters, the 

thickness of the sand was less than 30 cm, which negatively affects the efficiency of the filtration units. 

In the last stage of storage water after disinfection, it is clear to know from Table 1 that the turbidity of water after disinfection 

had reached its highest value on 20/1/2019 with a total value of 9.7 NTU and decreased to the lowest value on 25/11/2018 with 

1.2 NTU. The overall rate of turbidity abroad disinfection is 4.658 NTU as shown in Table 2.  However, the removal efficiency 

of disinfection and storage basins had peaked in 25/11/2018 with around 57.14 % and it lowered in 2/1/2019 with about -

46.67%. The removal efficiency fluctuated during the period of the study. 

 

Table 2: Descriptive Statistical Analysis 

 N Minimum Maximum Mean Std. Deviation Variance 

Raw Water Turbidity 24 51.8 1978.0 583.850 584.6603 341827.690 

Turbidity after Sedimentation 24 7.7 29.9 14.481 5.5295 30.575 

Turbidity after Filtration 24 2.3 7.1 4.551 1.2709 1.615 

Turbidity after Disinfection 24 1.2 9.7 4.658 1.8928 3.583 

Valid N (list wise) 24      

 

It observed that the rates of removal of the disinfection and storage basin are negative and effect on the purified water in the 

previous units with an average of (-1.72%). This due to some real problems of the low water level in the storage tank either 

because of the stop WTP in case of high turbidity or due to peak hour demand which causes the low water level in the storage 

tank, when new water input the tank makes turbulent in the tank and make the bottom mud of the tank-mixed with the input 

water. That is why in some observations show that the turbidity in the storage tank higher than before disinfection and storage. 

More than half of the observations have negative removal efficiency.  

 

The average whole removal efficiency of the WTP was 97.54%, similar values for WTP in Khanaqin City-Iraq was reported by 

[6].The bottom mud of the tank-mixed with the input water. That is why in some observations show that the turbidity in the 

storage tank higher than before disinfection and storage, more than half of the observations have negative removal efficiency. 

The average whole removal efficiency of the WTP was 97.54%, Figure 7. Similar values for WTP in Khanaqin City-Iraq was 

reported by [6]. 
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Figure 7: The removal efficiency of different units of WTP 

 

 

3.4 Problems and Proposed improvements 

There were some reasons which create problems in the Ifraz 2 WTP, for improving the efficiency of this plant, and solving these 

problems, the following points are suggested: 

1. Depending on collected data of the study periods and the previously collected data of Greater-Zab River, the fluctuation and 

increasing of raw water turbidity (sometimes reach to more than 3000 NTU), due to the flood and intensive rain in the rainy 

season. In the case of high turbidity, the station will be shut down because of the pipe that comes from the main source of 

Greater-Zab will be clogged. A suitable solution for high turbidity, either by using new coagulant which can deal with high 

turbidity or by building new pre-sedimentation tanks for the raw water. In addition, the maintenance of low lift pumps will 

be less in case of solving high turbidity. 

2. The efficiency of coagulation and flocculation processes are not good due to the absence of daily Jar test for choosing the 

optimum dosage of coagulant. Daily jar test must conduct to select optimum dosage of coagulant so that the treated water 

will be in the lower level of turbidity. 

3. In the filtration process, due to the little depth of filter bed, it not works as required and this makes the filtration process in 

low quality. For improving the process of filtration, an adequate adding of filter media is very necessary to improve filter 

efficiency. 

4. Inadequate Pre-treatment in clarification unit which produced waters with turbidities from 7.7 to 29.9 NTU in Ifraz 2 WTP, 

that tends to cause short filter run lengths and affect negatively on the filtration process. 

5. To improve the monitoring of the filtration process, each filter's effluent turbidity should be monitored and recorded 

continuously by using an on-line turbid meter to detect variances from normal operation. Such occurrences contribute to the 

operator's understanding of the plant's performance and increase the ability to deal with such situations.  

6. In Ifraz 2 plant, the backwash is made manually. To improve the manual backwash process infiltration, it must change to 

automatically backwashing to increase the efficiency of filtration and to monitor head losses of each filter individually.  

7. Aluminum sulfate AL2 (SO4)3 powder is dissolved in the water at the beginning steps of Ifraz 2 WTP in the basin, this 

chemical powder reacts with basin’s wall which made of concrete and led to corrosion of the walls. This reaction occurs 

mainly between SO4 and concrete, and this issue can be fixed by covering the internal basin’s wall with Epoxy or using geo-

polymer concrete. Otherwise, the tanks must change to polyethene tanks. 

8.  Decreased removal efficiency in the storage tank was due to availability of solids in the tank, cleaning storage tank 

periodically and making an internal epoxy painting or providing supplementary tank are solutions for the storage tank 

problem. 

 

CONCLUSIONS 

 

Greater-Zab River water needs treatment before use by consumers.  Fluctuations of turbidity values for Greater-Zab River water 

caused problems to Ifraz2 WTP units. A great part of solids removed after coagulation-flocculation and sedimentation tanks. 

Availability of settled materials in the storage tanks resulted in increasing turbidity again after the filtration process. Commonly, 
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overall removal efficiency for Ifraz 2 WTP was greater than 97% and the treated water is safe for drinking. Some problems with 

appropriate solutions in low lift pumps, coagulation unit, filtration unit, chlorination unit, and storage tank were explained. 
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