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ABSTRACT 

Turbidity is a visual property of water that expresses the amount of suspended substances in the 

water. Its presence in quantities more significant than the permissible limit makes the water 

undrinkable and reduces the effectiveness of disinfectants in treating pathogens. On this basis, 

turbidity is used as a basic indicator for measuring water quality. This study aims to evaluate the 

removal efficiency of AL- Muthanna WTP. Water turbidity was used as a basic parameter in the 

evaluation, using performance improvement evaluation and data from previous years (2016 to 

2020). The average raw water turbidity was 26.7 NTU, with a minimum of 14 NTU, with a 

maximum of 48 NTU. Water turbidity value for 95% of settling daily reading data was (13.7) NTU 

which is larger than the goal value (10) NTU, which achieves (51.2) % of the optimum goal. In 

comparison, the water turbidity value for 95% of daily reading data of water filtered was (6.90) 

NTU which is larger than the goal value (5) NTU, which achieves (68.8) % of the optimum goal. 

The removal efficiency for previous years (2016 to 2020) was (78.5, 76, 73.5, 72, 68)%, 

respectively, within acceptable limits. 
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 الخلاصة

العكارة هي خاصية بصرية للمياه تعبر عن كمية المواد العالقة في الماء ، ووجودها بكميات أكبر من الحد المسموح به يجعل الماء غير 

صالح للشرب ويقلل من فعالية المطهرات في معالجة مسببات الأمراض. وعلى هذا الأساس يتم استخدام العكارة كمؤشر أساسي لقياس جودة 
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هذه الدراسة إلى تقييم كفاءة الإزالة لمحطة معالجة مياه المثنى. تم استخدام عكارة المياه كمعامل أساسي في التقييم باستخدام  المياه. تهدف

 14، بحد أدنى  NTU 26.7عكارة المياه الخام (. كان متوسط 2020-2016تقييم تحسين الأداء وبيانات من السنوات السابقة للفترة من )

NTU  48، بحد أقصى NTU ( 13.7٪ من استقرار بيانات القراءة اليومية )95. كانت قيمة عكارة الماء لـNTU  وهي أكبر من قيمة

٪ من بيانات القراءة اليومية من المياه 95(٪ من الهدف الأمثل بينما قيمة عكارة الماء لـ 51.2، والتي تحقق فيها ) NTU( 10الهدف )

(٪ من الهدف الأمثل. كانت كفاءة الإزالة 68.8والتي تحقق فيها ) NTU( 5وهي أكبر من قيمة الهدف ) NTU( 6.90المفلترة كانت )

  ( ٪ على التوالي وهي ضمن الحدود المقبولة68،  72،  73.5،  76،  78.5( )2020-2016لسنوات السابقة  من)ل

 .العكوره  ,التقيم ،كفاءة الازالة الاداء ، الكلمات الرئيسية :

 

 

INTRODUCTION 
 

Water is an essential component of life and an important factor in achieving human and economic 

development. Water scarcity is a major obstacle to long-term development efforts. The consistent 

population growth and the expected effects of climate change in the region, which has become a 

tangible reality, contribute to increasing pressure on limited water resources and reconsidering 

water management methods, which requires review and evaluation of performance (Bârjoveanu 

et al., 2019). As the international authority on public health and water quality, the World Health 

Organization promotes global efforts to prevent the spread of waterborne diseases, advises 

governments on developing health goals and systems, and develops drinking water treatment 

methods based on FAO's health performance standards. 

 In addition to evaluating water treatment technologies and urging governments to provide safe, 

pathogen-free water, the goal is to strengthen national policies, regulations, and control 

mechanisms to support appropriate targeting and continued use of these products (Hassan and 

Mahmood, 2018). A comprehensive performance evaluation (CPE), which is a thorough review 

and analysis of a water treatment plant's performance-based capabilities as well as the associated 

administrative, operational, and maintenance practices, was one of the numerous methods used to 

evaluate the water treatment plant. (Hamada M. Mahmoud et al., 2016). It is carried out to identify 

factors affecting a plant's performance. The comprehensive performance evaluation is an 

integrated program that serves as an effective tool for understanding the operational problems and 

difficulties that drinking water treatment plants face, as well as knowing the efficiency of the work 

of the units of those plants based on the chemical, physical, and biological characteristics of raw 

and treated water to determine the quality of pollutants removed (Chang et al., 2007).  

Since most treatment plants operate conventionally, physical parameters, especially water 

turbidity, are most commonly used to evaluate the operating performance of water plants and main 

treatment units in terms of removal efficiency and evaluation of the quality of the water produced 

(Issa, 2017). Most developed countries have developed an integrated program for reviewing and 

evaluating drinking water plants in order to identify the problems and obstacles that prevent the 

achievement of economic feasibility and the goals that these stations were established on, as well 

as to provide appropriate solutions to advance the reality of the treatment process(Absar Ahmed 

Khan and M.Tech., 2018). The target of this research assessment is the performance removal 

efficiency of AL-Muthanna WTP based on turbidity as the main parameter. 
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1. Methodology  and method of work  

2.1. Historical data for raw and product water from (2016 to 2020) were used to calculate the annual 

removal efficiency. 

2.2. Data of raw water turbidity were collected for roughly eleven months, beginning in January 

2021 to the end of November 2021. Samples were modeled during basic treatment methods (raw 

water, coagulation, flocculation, sedimentation, and filtration), and this data was entered into the 

optimization assessment software (OAS), which is a program developed by the US Environmental 

Protection Agency that aims to examine the performance. This data was analyzed through tables 

and graphs. When turbidity of raw water is ≤ 10 NTU for 95 % of sample readings, the sedimentation 

basin performance approach shows the water turbidity settled ≤ 2.0 NTU for 95 % of time. In terms 

of filtered water performance, it is based on achieving 0.1 NTU in 95 % of the models under test. 

The maximum turbidity values recorded daily for eleven months were used to provide a clear picture 

of the seasonal variation in the treatment plant's operation. (Choi et al., 2002) 

2.3. Optimization assessment software (OAS) 

This program monitors the performance of the treatment plant using the data entered daily in order 

to achieve optimal performance by following steps: 

I. Entering the maximum daily turbidity values for the raw water source and the effluent water 

from the sedimentation and filtration units in (Data Entry past sheet). Then, clicking on 

Transfer the data to the database in the green box. 

II. After previse, step traveling to Data Entry values sheet then Fill the fields in the table which 

includes (plant name, Max. settled water turbidity goal ≤10NTU, turbidity of filtered water 

optimization goal≤0.1 NTU and turbidity of filtered water regulation ≤ 5 NTU), when yellow 

values appear in the Data Entry values mean that it is outside the limits of achieving the 

optimum target value, click UPDATE the report to travel to the summary of the results in 

tables and figure found. 

III. The OAS also includes a number of other worksheets that display performance data 

graphically. The majority of these are trend graphs of individual treatment unit performance. 
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3. Result and discussion  

3.1. Turbidity Evaluation  

Table 1. listed the statistical turbidity values of raw, sedimentary, and filtered water from the 

beginning of January to the end of December 2021 compared to World Health Organization 

specifications. The average turbidity of raw water of the AL-Muthana water treatment plant was 

recorded at 26.7 NTU with a minimum value of 14 NTU and a maximum of 48 NTU. The highest 

turbidity levels were recorded during August, September, and October. The reason for the high 

turbidity of the raw water is the increased flow of water entering the river as well as the river 

dredging work done by the farmers in preparation for the planting season. Agricultural activities 

increase water turbidity during the dry season (Ojok, Wasswa, and Ntambi, 2017). The table also 

listed that the turbidity of the water was 13.7 NTU for 95% of the daily sediment readings, which 

is higher than the target to be reached 10 NTU, so the percentage of the time that the target was 

met 51%. The table also explained that the turbidity of filter water was 6.90 NTU for 95 % of daily 

readings, achieving 68 % of the target standard, and show that 32 % of daily filtered water was 

greater than the standard limit of 5 NTU. Fig. 1. and 2. represents the daily variation of turbidity 

in raw water, sediment water, and filter water over the study year. It failed to meet the optimized 

goal of 0.1 NTU for the 95 % of daily filter water readings. Due to the highest values are not 

provided for each filter, the results may obscure the effect of damaged lower drains for an 

individual filter or a malfunction of the filter rate control valves. Therefore, the profile gives a 

general idea of the performance of all filters as one unit. The low removal rates in sand filters are 

caused by important factors in which is a clear variation in the turbidity of the water reaching the 

filters as a result of the low efficiency of sedimentation basins, as well as a lack of periodic 

maintenance of the filters, particularly during times of increased demand. The efficiency removal 

of sand filters in a drinking water treatment plant is greatly affected by variations in the amount of 

water turbidity and the time required to perform the backwashing process, as well as the skill of 

workers in these units, which occurs when increased demand negatively affects the product's water 

quality (García-Ávila et al., 2020). 
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Table1. OAS Summary Statistics. 

 

RSQ = Correlation Coefficient for two selected data-sets (>0.25 suggests correlation) 

95percent = 95th percentile value for data-set. Reg. = Percent of values in data-set that is less than 

or equal to the regulated turbidity requirement 

 

In general, the turbidity evaluation shows that about 48.8% of water turbidity effluent from the 

sedimentation unit exceeded the target limit (10NTU), which was negatively affected the filtration 

process. In contrast, the filtration process was relatively satisfactory in which sometimes the 

consumer was provided with water with turbidity higher than the standard limit (5) NTU. 

ANNUAL 

DATA Avg. Min Max RSQ 95% Opt. Goal Reg. 

  NTU NTU NTU  NTU % Values 

% 

Values 

Raw 

Turbidity 

  26.7 14.0 48.0 n/a 40.0 n/a n/a 

Max. Settled 

Turbidity 10.1 5.3 15.8 0.86 13.7 51.2 n/a 

Combined 

Filtered 

Turbidity 4.48 2.00 8.90 0.73 6.90 #N/A 68.8 
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Figure 1. OAS turbidity data profile. 

 

 

Figure 2. Maximum variation turbidity trend. 
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3.2. Removal efficiency evaluation 

Fig. 3 to Fig. 6 listed the AL-Muthana water treatment plant’s monthly and annual turbidity 

removal from 2016 to 2020 as (78.5, 76, 73.5, 72, and 68), respectively. The figures also show that 

the removal rate was reduced, but it was still within acceptable limits. Variation in raw water 

turbidity affects the efficiency level of drinking water treatment plants, so the water must be tested 

and monitored regularly. The water treatment plant should be modified to produce water that is at 

least close to the required quality. The water treatment plant is designed to handle various types of 

raw water. When there are large variations in water quality, the equipment may not fit at all 

(Kiggundu et al., 2016). Maintenance of the water treatment is also an affecting factor affecting 

the plant's process because the seasonal variation in raw water (during summer and rainy) affects 

the process, and other factors will change quality output water (Mahmood and Al-Musawi, 2020). 

So, proper maintenance is essential to ensure that the system is adequately maintained to reach the 

desired result. The maintenance of water treatment includes monitoring agreement, daily data 

about the process of the plant, and the plant productivity observation (Omran, 2011). 

 

 

 
 

Figure 3. Turbidity removal efficiency (2016). 
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Figure 4. Turbidity removal efficiency (2017). 

 

 

 

    
 

Figure 5. Turbidity removal efficiency (2018). 
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Figure 6. Turbidity removal efficiency (2019). 

 

 

 

 
                                                                

Figure 7. Turbidity removal efficiency (2020). 
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Figure 8. Annual Removal efficiency (2016-2020). 

 

 

The reduction in monthly removal efficiency appears clearly during the summer season due to 

increased water demand resulting from high consumption. In addition, the dose of the coagulant 

was added randomly without conducting Jar-test to ensure the appropriate doses to achieve the 

best removal. Although the annual removal rate remains within acceptable limits, it is steadily 

declining, which was 13% during the period (2016 to 2020). This was due to various factors, 

including a lack of basic knowledge of water treatment among the majority of workers in these 

stations, insufficient daily monitoring of water quality and operating conditions, and a lack of 

financial allocations that do not meet the needs of maintenance and operation. This all agreed with 

the findings of a study conducted by (Abd Nasier and Abdulrazzaq, 2021). 

 

4. CONCLUSIONS 

AL-Muthana is a conventional water treatment plant in which turbidity removal is an important 

target, and the main conclusions are listed below: 

I. The average turbidity of raw water of the AL-Muthana water treatment plant was recorded at 

26.7 NTU with a minimum value of 14 NTU, and the maximum 48 NTU during August, 

September, and October, the highest turbidity levels were recorded. 
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II.  Water settled turbidity was 13.7 NTU for 95% of the daily sediment readings, which is higher 

than the target to be reached 10 NTU, so the percentage of the time that the target was met at 

51%. In comparison, the turbidity of filter water was 6.90 NTU for 95 % of daily readings, 

achieving 68 % of the target standard, and 32 % of daily filtered water was greater than the 

standard limit of 5 NTU, which failed to meet the optimize goal of 0.1 NTU for the 95 % of 

daily filter water readings.  

III. The OAS assists who was in charge of operating and supervising water treatment plants in 

analyzing collected turbidity data in order to determine performance indicators in relation to 

improvement goals and to identify potential factors limiting plant performance. 

IV.  Previous years' removal turbidity rates (2016 to 2020) were within acceptable limits, with a 

value of (78.5, 76, 73.5, 72, and 68) percent. However, the decrease in removal performance 

indicates the presence of operational issues that must be searched for and treated to ensure that 

the efficiency does not fall below the allowable limits. 

V. In light of the results obtained, the turbidity removal efficiency of AL- Muthanna WTP remains 

satisfactory. 

5. RECOMMENDATIONS 

This study was completed in a short amount of time and with limited resources. Further 

research should be carried out to enhance and improve the removal efficiency based on the 

findings, and the following recommendations would be made: 

I. To ensure a better operation of AL- Muthanna WTP, the administration should work to 

involve workers in development courses in operation and maintenance. 

II. The variation in raw water quality should be monitored, and a Jar-test should be performed 

to obtain the appropriate coagulant doses and avoid adding coagulants at random. 
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