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Abstract 
 
In this study, improvements were made to the designs and performance of the 

package surface water treatment plant project in the southern city of 

Diwaniyah (PSWTPSD), in Iraq. PSWTPSD suffers from poor quality of 

water produced mostly due to malfunction of the mechanical rapid mixer and 

chemical mixing pumps (alum quantity - alum concentration). And due to the 

lack of periodic financial allocations for the maintenance of mechanical 

equipment and the continuous interruption of electrical current, we have 

therefore prepared a design and implementation of a rapid hydraulic mixing 

system (Helical Static Mixer) that achieves the highest efficiency in 

removing the turbidity and making the water conform to Iraqi specifications 

with the use of natural coagulants (Moringa Oleifera) as catalysts for alum. 

To achieve the highest efficiency in removing the turbidity of the 

PSWTPSD, COMSOL Multiphase 5.4 software was used to design a Helical 

Static Mixer and then it was implemented in the project, and the jar test was 

also used to determine the best doses of alum and natural coagulant (Moringa 

Oleifera) to achieve the highest efficiency for removing the turbidity. After 

the mechanical rapid mixer basin was replaced by a hydraulic Helical Static 

Mixer the project was run for testing.Where checks were made for the quality 

of the raw water and the quality of treated water. The optimum hydraulic 

velocity gradient was determined at 750 s-1 and the mixing detention time  
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was 2 seconds. The optimum dose for alum was 30 mg/l and the optimum 

dose of natural coagulation (Moringa Oleifera) was 120 mg/l for highest raw 

water turbidity 450 NTU. These project improvements led to the turbidity 

value of treated water being less than 1.2 NTU, which is identical to the 

permissible limit in the specifications of Iraqi drinking water, which is less 

than 5 NTU.      

 

Keywords: Package Water Treatment Plant, Moringa Oleifera, Helical 

Static Mixer, Turbidity, Alum. 

 

1 Introduction 
 

Integrated surface water purification plants contribute to providing safe 

drinking water for residential communities that are far from urban and 

deprived of water services, or for cities with high population density and 

increased water consumption due to the large number, diversity and diversity 

of activities that depend entirely on water.  Given the inability of these cities 

to produce surface water purification plants, whatever their daily actions, and 

whatever the water pressure in the distribution networks, in the cases of 

limited remote communities, which are difficult to supply from traditional 

water stations for their distance from them, or because of the high cost of 

supplying them, and the inability of groundwater in these locations. 

Therefore, the Package Unit Water Treatment Plants (PUWTP) were one of 

the quick solutions to alleviate the suffering of the citizens, as they are easy 

to install, small in size, and inexpensive, and their operation and maintenance 

are simple. The PUWTPs are similar to the traditional processes for treating 

raw surface water, as they include the same purification steps which are 

intakes, coagulation, flocculation, sedimentation, filtration, disinfection, 

storage, and finally feeding [1]. The use of PUWTPs has spread rapidly in 

most Iraqi cities and villages after 2003 to meet the people's need for water. 

But there is still an important element that has not been considered, namely, 

how to operate and develop these compact units in a way that ensures their 

preservation and the continued production and maintenance or change of 

necessary components, intending to improve their performance and increase 

their efficiency in filtering drinking water, as well as dealing with repeated 

outages electrophoresis. 

The source of drinking water in Al-Diwaniyah Governorate is the Al-

Diwaniyah River, which is one of the branches of the Euphrates. The 

Diwaniyah River is characterized by high turbidity throughout the year [2]. 

Treating turbidity water to be drinkable is essential for many reasons, the 

most important of which is killing pathogenic germs [3]. The water flows in 

Al-Diwaniyah River, which is polluted by waste dumped therein, whether it 

is human, agricultural or industrial. Because the Diwaniyah River water is 

used as a source of drinking water, it must be purified, including suspended 
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and dissolved impurities that affect the natural and chemical characteristicsof 

drinking water.The package surface water treatment plant project in the 

southern city of Diwaniyah (PSWTPSD), whose raw water is supplied from 

Diwaniyah River. It treats water from suspended impurities, which mainly 

consist of (sand, silt, algae and amoeba, salts or suspended and dissolved 

impurities, and bacteria) [4]. The turbidity is very important for drinking 

water treatment and public health, as it does not affect the purification 

process. What happens is that as long as there are particles that disturb the 

water, they are hidden caches where the living organisms’ resort to escape 

the effect of chlorine on them, so the complete disinfection is not reached, 

and these organisms reach the consumer and make them ill [5].The turbidity 

affects the chemical treatment of drinking water, such as coagulation and 

flocculation, in addition to disinfection. Therefore, set the maximum 

turbidity level to 5 NTU [6]. Therefore, this water must be treated to get rid 

of these impurities and thus to get rid of microbial contamination. The 

quality of the water delivered to the consumer in Al-Diwaniyah city is not in 

conformity with the specifications, since most of the devices and tools in the 

purification stations do not work well, therefore it requires improving the 

performance of drinking water stations [2].The turbidity particles in the 

Diwaniyah River usually carry a negative electrical charge, and just as the 

identical poles of each other repel each other, there is repulsion force 

between any two identical bodies in the charge. In water treatment, this 

repulsion force is called a Zeta Potential. It can keep very small colloidal 

particles apart and suspended in water. Van Der Waals Force exists and it 

works to pull any two bodies together, and this gravitational force works in 

the opposite direction of the zeta effort and as long as the zeta effort is 

stronger than the van derfal force, the fine particles remain suspended and 

stabilized. So, the coagulation process is the addition of Coagulant chemicals 

to neutralize or reduce the zeta potential of the non-settable solids and thus 

becoming unstable Destabilized. Van Derval's strength can begin to pull 

particles together, at which point the non-settable particles can group into 

small groups of fine floc [7].The process of adding chemicals is accompanied 

by a rapid mixing process, which is intended for fast mixing and equal 

distribution of the coagulant water. The chemicals used in the coagulation 

process in the PSWTPSD are Aluminum Sulfate (Al2 (SO4)3-14H2O). Its 

alum-toddler name is distinguished by its availability and operates in a pH 

medium of 5.5 to 7.5. When the alum is added to the water, it reacts with the 

alkalinity of the water and produces aluminium hydroxide. The positive 

aluminium ion attracts the impurities with negative charges to collect them 

[8]. A coagulation aid was added during the coagulation process to improve 

it and to create a stronger and more sedimentable tease, to overcome the 

temperature drop that slows down the coagulation process and to reduce the 

quantities of used carrots. As different concentrations of Moringa Oleifera 

natural coagulant were added in this study to obtain the best efficiency. 
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For years, the responsible authorities in Iraq have focused on studying 

available and safe water. Drinking water paid special attention and these 

bodies have since worked to encourage societies to obtain safe drinking 

water. There are several ways to meet the water demand, the most important 

of which is the affordable method of raising the efficiency of existing water 

purification plants, improving the effectiveness of their existing hydraulic 

installations, and increasing the effectiveness of their purification processes. 

Such improvements are medium-cost when compared to investing in large 

capital to create new purification plants, the result of which could be to 

increase the volume of production to two or three times. At the same time, 

purification can be improved to increase production and improve the quality 

of treated water [9].This research is based on a long experience in the 

rehabilitation of several package water treatment plants in all of Diwaniyah 

Governorate. The capacity of these plants has increased significantly, and the 

quality of the water they produce has improved significantly. Therefore, 

improvements were made in the quality of the rapid mixing system in this 

research and the slow mixing system in a previous Ghawi 2018 [2] for 

package units water treatment plants in Al-Diwaniyah Governorate.
 

This research contains ideas that have been applied, so it has been 

directed towards reducing dependence on the use of electronic or mechanical 

devices and focusing on the use of hydraulic forces and natural flow instead 

of using engines, to reduce maintenance requirements. Chemical and 

physical analyzes of raw water to be treated, information on operation 

results, laboratory tests and use of one of the treatment plants were also used 

for experimental purposes after improvements were made. 

The project aims to improve the performance of the package water 

treatment plants and increase their efficiency in removing the turbidity and 

making the water produced with a capacity of less than 5 NTU. By using a 

hydraulic mixing system, it is an Inline static mixer instead of the low 

efficient mechanical mixing system. This is accomplished by optimizing 

hydraulic rapid mixing designs using COMSOL Multiphase 5.4 software. 

The performance was also improved by adding blended coagulant alum and 

Moringa oleifera dose, which reduces the amount of alum, increases 

processing efficiency, maintains filtration tanks by increasing their life and 

reducing the load on them. 

 

2 Materials and Methods  
 

2.1 The Location and Components of PSWTPSD 
 

The PSWTPSD is located in the south of Al-Diwaniyah city, near Al-

Diwaniya tire factory (Figure 1). It was put into operation in 2008 and serves 

about 250,000 people. Where it consists of 5 units, each unit with a flow rate 

of 200 m
3
/hour and each unit consists of two containers with a capacity of  
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one container 100 m
3
/hour [2]. One PUWTP consists of (intake, coagulation, 

flocculation and sedimentation container, purified water tank, filters, and 

pumps to deliver treated water to city distribution networks (Figure 2). Small 

size PUWTP are commonly used in most villages and rural Iraqi cities. 

The capacity of these units is Often 200m
3
/hour.  

The designs of these PUWTPs are certified in Iraq by the General Directorate 

of Water, and thousands of these plants have been installed in different 

regions of Iraq, and they have proven their efficiency in filtering water 

intended for human use. It is used to supply villages and small, remote and 

sporadic population groups deprived of clean drinking water close to surface 

water sources such as the Tigris and Euphrates rivers and their branches. It is 

an urgent temporary solution to feed residential compounds. The water 

PUWTP with a capacity of 200m
3
/hour consists of the following 

components: - 

 
Figure 1: Location PUWTPs project in the southern city of Al-Diwaniyah 

 

 
Figure 2: layout of Package Unit Water Treatment Plant 
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Figure 3: The Intake 

 

                                      

 

 

 

 

 

 

 

 

 

 
Figure 4: The Mechanical Rapid Mixer 

 

2.1.1 The Intake 
 

The intake is located on the Al-Diwaniyah River as shown in Figure 3 

and it is 600 meters away from the project. It consists of 2 pumps, one pump 

capacity 210 m
3
/hour, 20 m head, placed on an iron frame. Water is pumped 

through a 200 mm ductile pipe to the PSWTPSD, which distributes raw 

water to the two containers. The pump draws water from Al-Diwaniyah 

River and pumps it to a treatment unit preceded by refineries to reserve herbs 

and impurities. 

 

2.1.2 Rapid Mixing 
 

The tank is two cylindrical tanks of UPVC capacity of 1 m
3
. It is added 

alum and initial chlorine and contains a mechanical flash mixer. The alum 

solution is pumped by the alum pump to the flocculation tank in the container 

(Figure 4).  
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Near the alum tanks, there is a chlorine addition system consisting of 

primary chlorination additives (at a dose of 2 mg/l), and another for the final 

chlorine. The alum and chlorine solution are rapidly mixed with water 

coming from the outlet. To complete the mixing process, a fast-mechanical 

mixer is used, the power capacity is 3 HP, the voltage is 380V and 1500 

RPM. The rapid mixing process takes about 2minutes as time after which the 

water is pumped into the slow mixing basin. In this study, the type of rapid 

mixing basin was changed to hydraulic and ancillary natural coagulants were 

used. 

 

2.1.3 Flocculation and Sedimentation Container 
 

The basin unit contains two parallel containers. Each container consists 

of a slow mixing basin and a sedimentation basin, and the dimensions of one 

container are 12m length * 2.5m width * 2.6m height. Raw water is 

introduced into the container through an 8-inch diameter pipe to the slow 

mixing basin, which contains a slow mechanical mixer to increase the 

efficiency of this process. It helps to form a large floc and the duration of the 

floc formation is 12 minutes. Then the water enters the sedimentation 

compartment containing the inclined plastic sheets at an angle of 55
0
 to 

increase the surface area of the sedimentation compartment. With a surface 

area of not less than 70 m
2
 in a single tank to calm the water, it helps settle 

the floc at the bottom of the container (Figure 5). The hydraulic load rate of 

the surface is 1 m/h and the residence time of the water is only about half an 

hour. A valve is located under the sedimentation basin to remove the sludge 

and opens every two hours. 

 
Figure 5: Flocculation and Sedimentation Container 

 

2.1.4 Intermediate Collection Tank 
 

This tank is used to collect the water from the sedimentation basins, and 

this basin has dimensions of 6m length * 2.5m width * 2.6m height. This 

basin is associated with high-pressure pumps. 
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2.1.5 Pressure Filter  
 

Water is collected from the collecting basin and drawn by high-pressure 

pumps to the 2 filters, which operate under pressure. The diameter of the 

filter is 2 meters, and the size of the filter sand is from 0.6 to 1.5 mm, and the 

thickness is 0.6 meters. As for gravel, it consists of three layers, from 65-2.5 

mm with a thickness of 10 cm, from 6.5-9.5 mm with a thickness of 10 cm, 

and 9.5 to 13 mm with a thickness of 10 cm. Water is transmitted from the 

filters to the consumer through the drinking water distribution networks. The 

filtered water is filtered from sediments and light floc that are not deposited 

in the sedimentation container. Filtration tanks suffer from the inefficiency of 

the treatment process in removing turbidity. This leads to an increase in the 

weekly washing times of the filters as well as the replacement of the filter 

materials more than 4 times annually. 

 

2.1.6 High Lift Pump  
 

The PUWTP contains two high-lift pumps, each with 200 m
3
/hour and 

ahead is 50 m. It draws water from the collecting tank and pumps to the 

pressure filters and subsequently to the water distribution networks. 

 

2.2 Coagulation Process in PSWTPSD 
 

The process of coagulation is the process of adding chemical materials to 

raw water and is always accompanied by the process of rapid mixing of raw 

water with the material, and this process takes from 1 to 7 seconds often, but 

up to 2 minutes. The aim of it is to distribute the dose substance over all the 

amount of raw water. Therefore, energy is required for mixing, and this is 

done through a mechanical mixer or by hydraulic mixing [10]. In coagulation 

processes at PSWTPSD, an amount of coagulant AL2 (SO4)3 is powdered 

into the water entering the plant and untreated by two mixers, to ensure rapid 

and uniform melting of the alum leading to the formation of floc. 

The pipe coming from the intake does not pass through the mechanical 

rapid mixing basin but rather directly into the slow mixing basin in the 

PSWTPSD, meaning that the current rapid mixing basin is separated by 

plastic tanks for fermentation and alum mixing. As for alum mixed and 

chlorine, it is pumped to the slow mixing basin by UPVC pipes after mixing 

it with an external rapid mixer, which is a 2 UPVC tank of 1m
3
 capacity for 

two minutes. Then it is pumped into the slow mixing basin of for eight 

minutes, which is the period that allows the growth and formation of floc that 

grow and grow in size and weight.Most plants in Iraq use dry aluminium 

sulfate in case of hardness in the initial coagulation process. Usually, 

aluminium sulfate is added in the case of hardness to a special water tank in  
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batches, and one or more solutions are prepared, while the previously 

prepared solution is used, and so on.This method of preparation is not 

reliable and efficient in most plants, due to the lack of accurate measurement 

of the amount of aluminium sulfate added and the amount of water. 

Therefore, the operator does not consider the importance and accuracy of the 

alum concentration in this process. The rate of alum mixing at normal 

operation is 0-100 g/l.The PSWTPSD operating under abnormal conditions. 

The required alum dose is roughly calculated by inaccurate theoretical 

calculations. Therefore, the calculated dose must be confirmed by laboratory 

tests. The use of coagulants is necessary for water containing more than 5 

NTU turbidity [11]. 

The task of mixing alum is to design enough turbulence in the water to 

mix the alum in the influencing water before it enters the flocculation tank. 

The mixing should be hydraulic for our project because electricity is not 

always available in Iraq. If the alum is not mixed properly, some soiled water 

will be treated while some water will not come into contact with the alum. 

This means system failure. So mixing alum is critical to a successful design. 

Therefore, we worked in this study to improve the performance of the plant 

by replacing the mechanical system of the quick mixing basin with a 

hydraulic system, as we previously did by changing the mechanical 

flocculation mixing basin to hydraulic flocculation in 2018 by Ghawi [2].and 

the use of natural coagulants as catalysts for improved performance. 

 

2.3 Jar Test 
 

The amount of coagulant or the most efficient coagulant and natural 

coagulant can be determined very accurately and economically in 

laboratories. Jar test should also be used to determine the best coagulant. A 

jar test is used to simulate coagulation, flocculation and sedimentation 

processes in a water treatment plant. It allows the operator to experiment 

with various alum doses on incoming water and see what dose produces the 

best flow and the slightest turbidity of the water. The jars have a capacity 

(500 - 1000 ml). Various quantities of alum and natural coagulants will be 

placed in each jar, mixing the components quickly to form flocs, these 

formed flocs will allow them to settle in each jar, and the jar that contains the 

least amount of chemicals will produce good, sedimentary masses that 

choose as one of most economic doses. Jar testing is based on the concept of 

the velocity gradient. Each process is run at the same speed scale for the 

same length of time. In the jar test, the added chemical doses were recorded 

for water conditions of different abundances and specific conditions, which is 

a good indication of the dose required for coagulation. The chemical doses 

were recorded daily in a way that facilitates their use. Dose tests were 

conducted in this study, where 3 values of turbidity were approved for raw 

water from the Diwaniyah River, and the best mixing doses for alum with the  
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natural agitated coagulant (Moringa oleifera) were achieved to achieve the 

highest efficiency of the plant.Taking advantage of the jar test, which 

determined the best alum and pH concentrations and the amount of Moringa 

Oleifera dose. It was applied to the PSWTPSD after making improvements to 

it. 

 

2.4 Coagulant Natural Aids (Moringa Oleifera (MO)) 
 

Coagulation process in the PSWTPSD means the first stage of formation 

of insoluble colloids in water. So, we use the coagulants to collect and 

precipitate these particles, and these microbes are called coagulant. Among 

the most important factors that affect it are the pH, preferably from 4.5 to 8.5 

and the water be alkaline and the temperature is high and if the water is 

cloudy and the mixing is strong and homogeneous. coagulant aids are 

chemicals used and added to improve the coagulation process, as they are 

stronger and more sedimentable flocs, prevent temperature drop and maintain 

mixing speed, and it reduces the number of coagulants used and reduces the 

amount of sludge produced.In this study, Moringa Oleifera was used as a 

coagulating substance. The Moringa plant is used to purify the water where it 

uses seeds and its peels, by adding it to the water tanks, due to its property of 

collecting and depositing the solid impurities attached to the water in a 

similar way to the trap, and it works to purify the water from impurities and 

bacteria at the same time and it is widely available in the regions of central 

Iraq [11]. In this study, the coagulation aids used the nature of Moringa 

Oleifera Seeds in different concentrations were tried on the PSWTPSD after 

changing the type of rapid mixing basin to hydraulic to reduce the 

concentration of harmful alum to the health and increase the efficiency of the 

treatment plant. The chemical data on the PSWTPSD are very important. 

If they decrease or increase, this has a direct impact on public health. Its 

lack of the prescribed limit means that some microbes and germs will remain 

alive, and this is harmful to the consumer. If these chemicals exceed the 

prescribed limit, they pose a risk to the health of the citizen as they are 

harmful substances if their concentration in the water increases. Therefore, in 

this study, the exact estimations of alum concentrations and natural 

coagulants were estimated according to the turbidity values included in the 

project. The addition of chlorine helps the coagulation process and is added 

at a concentration of 2 mg/l, or 0.2 kg/hour. The first contact with the water 

is the most critical period in the entire process of coagulation because the 

interaction between the material and the turbid water occurs at a high speed. 

Therefore, the dose and colloidal particles must come into contact 

immediately and stir for seconds [12]. In the following paragraphs of the 

research, i.e. in the results paragraph, the optimum mixing ratio of natural 

coagulant with alum was determined according to the concentration of raw 

water turbidity.
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2.5 Inline Static Mixers (Helical) 
 

The mechanical equipment in the coagulation tank is subjected to a 

permanent insight into wear and tear due to its constant movement and 

friction between its parts. In this study, the mechanical coagulation was 

replaced by a hydraulic coagulation mixer (Helical). Which is expected to 

achieve an increase in the life of the plant, increase productivity, increase 

plant efficiency and reduce maintenance costs. Inline static mixers (Helical) 

are an instrument that mixes liquid mixtures with raw water in the pipeline 

before the slow mixing tank. Therefore, the resulting mixture is thoroughly 

mixed. Without the need to mix tank agitators. Coagulation is the mixing of 

particles that use binding chemicals such as alum. Helical mixers, the liquid 

has flowed through a pipe containing fixed blades. This technique is 

especially suitable for laminar flow mixing as it only produces small head 

pressure losses in this system. The advantages of fixed mixers do not include 

any moving parts and thus low maintenance; There are no external power 

requirements; At least in the context of coagulating confusion, there are a 

few blockage problems [3]. The motivation for the COMSOL Multiphase 

CFD modelling of this paper was to explore the relationship between flow 

rate and mixing performance. Moreover, experimental evidence suggests that 

the use of a fixed blender to mix alum and natural coagulant can lead to 

lower in chemical doses [13], [14], and [15]. 

A rapid mixing system is necessary to mix alum and natural coagulant 

evenly before the water advances to the flocculation tank. In Helical mixers, 

also called stationary or mobile mixers, the liquid is pumped through a pipe 

containing fixed blades. This mixing technique is especially suitable for 

laminar flow mixing as it only creates small pressure losses in this flow 

system. This paper studies the flux in a helical static mixer (Figure 6). It 

evaluates the mixing performance by calculating the path of the suspended 

particles through the mixer. The model uses the laminar flow and particle 

tracking for fluid flow interfaces. The rapid mixing unit is designed with 8 in 

diameter pipe. It is installed on the side of the container and creates turbulent 

flow by adding the corners in the flow path. 

 
Figure 6: Helical Static Mixer 



                                                                                                                  
 

 

 

 

 

 
3728 Habeeb Jafer Mahrath Tisti et.al 

 

2.6 COMSOL Multiphase 5.4 Software 
 

In this study, COMSOL Multiphysics 5.4 is used to perform 3-D CFD 

simulations of steady laminar flows in the helical static mixers with 5 blades. 

It was also used to estimate the velocity gradient in the system, and to 

determine the lowest head pressure losses. Contact potential and mixing 

efficiency were calculated, material balance included using chemical transfer 

interface. The input parameters for the COMSOL Multiphysics are the radius 

of the mixer, the length of the spiral blade, the number of spiral blades, the 

liquid properties, i.e. density and viscosity, and the velocity of the liquid inlet 

as in Figure 7 [16]. 

 

 
Figure 7: Helical Static Mixer Geometry and Boundary Conditions 

 

3 Results and Discussion  
 

Turbidity is the most physical variable to be studied in the treatment 

process. The turbidity level has a great influence on the purification process 

that will be used for it. It must be accurately measured in raw water 

throughout the year. The operation of the plant was monitored by following 

the flow of the water entering the plant from the intake to the final treatment 

water networks. The first step is to monitor each unit, record its problems, 

and try to figure out the solution to these problems. The second step is to take 

samples from each unit, do the laboratory analyzes and examinations 

necessary to know their efficiency and to evaluate the purification processes 

in general, and to know the extent of the possibility of improving and 

developing these processes. Table 1 shows measurements of the turbidity of 

water entering and treated from the plant for a year from January 2019 until 

December 2019.  
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The incoming turbidity and the resulting turbidity were measured using 

the A portable turbidity Meter (Turbidimeter). As the rate of water turbidity 

was 192.3 NTU, and the rate of treated water turbidity was 37.13 NTU, 

meaning that the efficiency of the plant was 80.35% and that the water did 

not meet the specifications. It is clear from the above that the PSWTPSD 

does not operate with the required efficiency, and it is difficult to operate it, 

especially if the raw water is of poor quality. Therefore, it required an 

improvement in the plant to make the water quality conform to the 

specifications. 

The idea of doubling the effectiveness of water treatment plants can be 

applied by improving operating conditions because improving operating 

conditions can be done whether the plant has sophisticated monitoring and 

control devices, or does not have the laboratory or appropriate equipment and 

whether it is run by skilled trained operators or operators who have acquired 

this Work by experience. Among the improvements that have been applied in 

this study:
 

 

1. Control the concentration of the coagulation solution 

2. Control dilution of coagulation solution and added amount of 

treatment. 

3. Add natural anticoagulants 

4. Replace the mechanical slow mixing basin with a hydraulic rapid 

mixing (Helical static mixer) 

 

The methods proposed in this research can be applied not only to obtain 

the maximum benefit from existing water treatment plants but also to design 

new purification plants. Therefore, the research will be a valuable source of 

information useful to designers, engineers, consultants and operators. In 

addition to the benefit that it will provide to workers in the field of water 

treatments.
 

We conclude from this, that many improvements can be made to the 

operation process. These processes can improve the quality of treated water, 

reduce plant costs, and in most cases increase plant productivity. These 

improvements have been implemented in the project, and the results of the 

improvements to the resulting water quality will be explained as shown 

below: 
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Table 1: The Turbidity Removal Efficiency (%) of the PSWTPSD 

Month January to 

December 2019 

Raw Water 

Turbidity NTU 

Effluent 

Turbidity NTU 

Turbidity 

Removal 

Efficiency % 

January 450 89.55 80.1 

February 020 57.28 82.1 

March 280 61.04 78.3 

April 581 36.81 80.1 

May 51 14.77 80.3 

June 50 9.85 80.3 

July 521 25.63 80.3 

August 510 30.44 80.1 

September 51 13.97 79.5 

October 65 14.30 85.1 

November 586 26.65 85.9 

December 051 65.33 82.1 

Average  192.3 37.13 80.35 

 

3.1 The Optimal Dose for Blended Coagulant Alum and MO 
 

Drinking water must be treated to remove bacteria and impurities to meet 

quality guidelines that meet 5 NTU requirements for drinking water 

according to Iraqi water standards. 

The efficiency of different blended coagulant alum and Moringa oleifera 

dose was studied that helps in removing turbidity of water. Experiments were 

conducted using water with three values of turbidity 50, 150 and 450 NTU, 

which represents an average of turbidity concentrations during a year in 

Diwaniyah River. Coagulation concentrations were determined using a jar 

test. 

Where different mixing ratios were tested to mix alum with a natural 

coagulant to achieve the best dose and lowest concentration of alum material 

that its effectiveness is over a limited range of pH from 6.5-7.5. It is a 

priority for coagulants due to its effectiveness in removing the stability of 

colloids of prevalent negative charges present in the water, and its cost is 

relatively low. Moringa seeds and peels also have the feature of collecting 

and depositing solid water impurities that resemble the trap. It works to 

purify water from impurities and bacteria at the same time and is widely 

available in the areas of central Iraq. 

 

https://www.timeanddate.com/calendar/months/january.html
https://www.timeanddate.com/calendar/months/february.html
https://www.timeanddate.com/calendar/months/march.html
https://www.timeanddate.com/calendar/months/april.html
https://www.timeanddate.com/calendar/months/may.html
https://www.timeanddate.com/calendar/months/june.html
https://www.timeanddate.com/calendar/months/july.html
https://www.timeanddate.com/calendar/months/august.html
https://www.timeanddate.com/calendar/months/september.html
https://www.timeanddate.com/calendar/months/october.html
https://www.timeanddate.com/calendar/months/november.html
https://www.timeanddate.com/calendar/months/december.html
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A Jar test instrument (Lovibond) was used to obtain the optimum 

blended coagulant alum and Moringa oleifera dose (BCAMO) for each 

experimental run. A portable Turbidity Meter (Turbidimeter) was used to 

measure the turbidity. The pH of samples was measured using the YSI   

556MPS pH meter. A six-paddle standard jar test with variable rotational 

speed and six 1000 mm jars was used. Each jar was added with 300mL water 

sample and then different concentrations of alum and MO as shown in Table 

2 were added. 
 
Table 2: Optimum Dose of Moringa Oleifera in the PSWTPSD 

Turbidity 

NTU 

Ratio  Dose mg/L Average Residual 

Turbidity NTU 

Removal 

Efficiency % 

50 

1:2.0 12, 24 5.1 85.0 

0.5:3.0 6, 36 5.2 97.6 

0.4:4.0 5, 48 5.5 85.8 

150 

1:2.0 20, 40 55.1 62.0 

0.5:2.1 01, 01 4.2 2.79 

0.4:0.0 8, 50 6.5 60.5 

450 

1:2.5 40, 500 50.5 65.6 

0.75:3.0 01, 091 4.5 2.72 

0.4:3.50 55, 540 51.0 65.5 

Al-Diwaniyah River water was used as raw water for research 

experiments, and alum was used as preparation. Where the weight of 2.5 gm 

of alum is weighed and dissolved in 250 ml distilled water to obtain a 

solution each (1ml) of it contains 10 mg /l. As for the Moringa Oleifera, the 

mechanism used in its [11] Ghawi 2017 preparation was used and used as a 

solution with a concentration of (0.05%) 25 % w/w oil extracted. Turbid raw 

water is placed in the 6-litre jar glass containers in the jar tester. 

The process is in three stages, which are rapid mixing, for one minute, 

and at a rate of 120 RPM, after adding alum for a minute, then add the 

Moringa Oleifera oil with rapid mixing for a minute. Then slow mixing for 

20 minutes at a rate of 20 revolutions per minute, then stop mixing and a 

sedimentation period and wait for 30 minutes. 

Samples are drawn from the six containers and the turbidity 

measurement for each glass container and recorded with the corresponding 

added doses of chemical coagulants. We also measure pH for each sample of 

glass containers and record with corresponding additions of chemical 

coagulants. Repeat the same steps for the rest of the mixing proportions of 

the coagulant and the natural coagulant for each turbidity value. The 

turbidity, pH, and temperature of the samples were measured before and after 

the experiments. Analyzes were performed according to standard methods of 

water tests [17].The final turbidity was measured after sedimentation. The 

results showed that adding Moringa Oleifera seed oil with alum was effective 

in improving the turbidity of the water intake, as it formed clear, large flocs 

that are easy to settle within 5 minutes of slow mixing. 
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For the blended coagulant alum and moringa oleifera, the optimum dose 

was found to be alum 6 mg/l, moringa oleifera 36 mg/l, alum 10 mg/l, 

moringa oleifera 50 mg/l, alum 30 mg/l, and moringa oleifera 120 mg / l, 

respectively. In this blending process, we reduce the alum dose by up to 80% 

for 50 primary NTU turbid samples and 150 NTU, 450 NTU the alum dose is 

reduced to 70.0%. So, we can reduce the disadvantages of alum Coagulant. 

The optimum dose for alum and Moringa Oleifera was found with levels 6-

120 mg/l. 

The mixing proportions 0.5:3.0 of alum with natural coagulant was able 

to reduce the turbidity of the water from 50 to 1.2 NTU, that is, with an 

efficient removal amount 97.6%. As for the mixing proportions of 0.5: 2.5 

for alum with a natural coagulant, it was able to reduce the water turbidity 

level from 150 NTU to 4.2 NTU level, meaning removal efficiency of 

97.2%, while mixing proportions of 0.75:3.0 for alum with natural coagulant 

was able to reduce the turbidity level from its level Higher to NTU 4.6, 

meaning 98.9% removal efficiency. This level is within the standard of the 

Iraqi drinking water standard 5 NTU.After determining the optimal dose for 

the alum mixture and natural coagulant using a jar examination and 

determining the highest efficiency in removing turbidity. We prepared a 

hydraulic rapid mixing design (Helical static mixer) and evaluated its 

performance, then a rapid static mixing of the PSWTPSD was performed and 

the efficiency of the PSWTPSD performance in removing turbidity was 

measured.  

 

3.2 Design and Implementation of the Helical Static Mixer 
 

Simulation results for all static mixers are firstly characterized by 

pressure, velocity, and concentration, which showed good compatibility with 

the data of the corresponding earlier literature. For comparison of dispersed 

mixing, the shear rates and the additional efficiency of the Helical static 

mixer are compared with those of the PSWTPSD turbidity removal effect. 

The concentration field is included in the analysis to calculate the mixing 

range of two streams injected into the static mixer through circular pipe 

inputs. The application can be used to estimate the velocity gradient in the 

system including five helical blades. 

This application calculates the helical static mixer of the blended 

coagulant alum and Moringa oleifera. The application demonstrates the 

effect of fluid and particle properties as well as the formation of fixed blades 

on particle mixing. The model is solved in two stages. First, the fluid 

pressure and fluid velocity are solved using a stationary study step. Second, 

particle paths are calculated using a time-dependent study step [18].Mixing 

the coagulant and raw water must be very fast and complete, to create the 

conditions required for flocs during this process. Also, the velocity gradient 

at the mixing point should be from 700 to 1000/second [19], [20], and [21].  
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Therefore, it was possible to obtain, as possible, a very rapid and 

complete spread of the coagulant in all parts of the raw water, as a very 

important step for homogeneity showing the process of preparing the alum 

with Moringa oleifera and its feeding system along with the concentration of 

the coagulant in the water. Therefore, the Helical static mixer (more 

powerful) was used. Where several holes were placed in the diameter of the 

pipe to pump the coagulants to the Helical static mixer to control the sites 

where the mixture was introduced according to the turbidity of the raw water. 

It became necessary to quantify the heat loss through the rapid mix 

system to ensure that the plant was well designed hydraulically. The 

COMSOL Multiphysics 5.4 was performed to determine the heat loss 

through the rapid mix to be used in the PSWTPSD. CFD model is used to 

simulation the pressure at the beginning and end of inline mixer pipe 

configuration to calculate the pressure difference between the two points, a 

difference equal to the head loss across the in-line mixer.  Equations 1-4 

were created to calculate the velocity gradient, residence times, and energy 

losses for the rapid mix unit. These equations were used to determine the 

required path length to achieve the desired Gθ, For a static mixer or any in-

line mixer, the G-value is calculated based on the energy losses that occur in 

the mixer as [22], [23] and [24].
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Where Q is the flow rate in m3/s, D is Diameter in m, V is the flow 

velocity in m/s, L is Length in m, θ RapidMix is Residence time of rapid 

mix, Kminor is Minor Losses Coefficient (0.3), f is Friction factor, and ν is 

Kinematic Viscosity in m
2
/s. 
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Table 3: Inlet Conditions and Input Parameters 

Parameter Value 

Size of the mixer R × L 5.0 × 156 [mm × mm] 

Density ρ  1000 [kg/m
3
] 

Viscosity μ  0.001[Pa⋅s] 

Inlet average velocity   5 [cm/s] 

Outlet pressure   0 [Pa] 

Particle diameter d  0.5 [μm] 

Particle density ρp  2.2 × 10
−3  

[g/cm
3
] 

Number of particles 5000 

 

The rapid mix (Figure 7) follows blended coagulant alum and Moringa 

oleifera dose addition and is a module of 156 mm tube, it provides 1-2 

seconds of even mixing after chemical addition, evenly distributing water 

and blended coagulant alum and Moringa oleifera. In reality, it is inserted in 

the pipe between the lift pump station and the flocculator and is easily 

removed for cleaning.
 

The input parameters for the Helical static mixers model is the radius. 

blade thickness and length, number of helical blades, Liquid properties, i.e. 

density and viscosity, pressure and liquid inlet velocity. Inlet conditions and 

input model parameters used for static mixer geometries are shown in Table 

3.  

To study raw water flow through static mixers that have fixed blades, it 

is assumed that raw water flows into a laminar flow because it creates a small 

pressure loss in the tube. This paper studies the raw water–particle flow 

(blended coagulant Alum and Moringa oleifera) in five helical blades static 

mixers. The quality of the mixing performance is determined by the path of 

the suspended particles by the static mixer and the pressure drop along the 

flow stream. The solution of the particle flow model is then carried out for 

the particle trajectories of the granular materials from a coupled raw water–

particle flow (blended coagulant Alum and Moringa oleifera) flow model. 

The pressure loss is determined by the difference between absolute pressure 

at the beginning and end of the helical mixer. The quality of mixing 

performance has been investigating using 5 helical blade mixers of the 

circular cross-section with a radius of 5.0 mm and the length of 156 mm, as 

shown in Figure 8.
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Figure 8: The Helical Blade Mixer 

 

Figure 9 shows the velocity magnitude at various intersections in a 

helical mixer equipped with five 180-degree blades. Blue colour denotes low 

velocities and red colour denotes high velocities of solution.
 

We focus on the performance of mixing two groups of particles and 

distinguishing them with different colours. The binary coloured particles are 

assumed to have a spherical shape with a diameter of 0.5 μm. For the 

visualization of granular mixing in a static mixer, the number of particles per 

release is 5000 particles. Figure 10 (a) indicates the distribution of particle 

positions in the initial time on the open-top surface where the same coloured 

particles occupy a semicircle. Figure 10 (b) shows the cross-sections of 

scaled contact probability examined inside the five-helix blender.
 

The flow velocity, as shown in Figure 11, represents the direction of 

movement of the particles when falling into the tube. The motion group of 

the particles is divided by the centrifugal force which is generated by the 

flow that passes by the fixed blade in the tube. Figure 12 (a) to (d) shows the 

Poincare plots used to visualize the particle mixing movement of the static 

mixer. The first cross-section of the Poincaré plot represents the particles at 

initial time t = 0. The mixing process begins when the particle begins to flow 

after the flow field. The quality of mixing increases along the flow path of 

the tube. 

 
Figure 9: Velocity Magnitudes (m/s) 
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Figure 10: (a) The Distribution of Particle Positions at the Initial Time, and 

(b) Investigated Cross Sections of Scaled Contact Probability 

 

 
 

Figure 11: The Trend of Particle Movement When Falling in a Pipe 

 
Figure 12: The Poincare Plots for Distribution of Particles on the Cross 

Sections 
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The pressure field circumference obtained from the different models in 

all cross-sections (as shown in Figure 13). Now we compare the pressure 

drop obtained from the model with helical blades. Loss of pressure from the 

first blade inlet at the entrance to the outlet of the blade the last in the outlet, 

it was found that the heat loss through the mixer is about 10 cm, and this 

approximation has been calculated in the overall hydraulic design of the 

PSWTPSD. Adjustments and improvements to the current design will 

continue to be considered, such as using an appropriate flow velocity, to see 

how this affects the head loss.  

 
Figure 13: Contour of Pressure Field 

 

Slice segments from the focus profile also show the increased 

homogeneity in the focus area of the model which can be seen in Figure 14. 

Calculated mixing efficiencies showed that the fixed mixer has a high rated 

mixing efficiency and the helical mixer showed great efficacy in creating a 

high degree of distortion of the layers dispersed in the liquid when 

comparing calculated mixing efficiencies. 

 

 
Figure 14: Slice Plots of the Concentration Profile in Mixer 
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When examining the slice segments of the concentration profile for the 

advection model, the concentration field did not change relatively after the 

first section, indicating that the mixer is the most efficient at first, which is 

thought to be mostly caused by vortex at the entrance of the mixing pipe, 

indicating a high degree of dispersion When the solute enters the mixer. 

In Figure 14 it is shown that the mixing tube achieved perfect mixing of 

alum and Moringa oleifera coagulated syringes with a time not exceeding 2 

seconds and with a mixing speed of 750 s
-1

. Where we note that the blade 

was blended perfectly in the first blade and continued to the fifth blade. 

Since the flow in the mixer has been continuously set in the same 

direction, therefore it appears that the increased mixing efficiency has been 

created by enhancing the spreading mixing at the same time, by increasing 

the distortion of the material layers, by advection. 

The slice diagrams of the fixed concentration field cross-section slide can 

be seen in the static mixer with the helical mixer, in Figure 15. Figure 15 

shows that the highest degree of deformation was due to the static mixer with 

the helical mixer. 

 
Figure 15: Slice plots of Stationary Mixer Show Concentration 

Distribution in mol/m
3
 

 

A total velocity gradient of 750 s
-1

 was estimated to be the required 

mixing in the rapid-mix unit to completely blended coagulant Alum and 

Moringa oleifera with the inflow water before entering the tank. This is done 

to ensure that the turbidity and blended coagulant Alum and Moringa oleifera 

are well mixed and the two types of particles are near allowed efficient 

collision and adhesion to occur along the flow path in the tank.  

The effects of Gθ value of a helical mixer used in coagulation with 

blended coagulant Alum and Moringa oleifera on its performance were 

investigated. It was achieved an excellent mixing effect. Besides, there 

existed optimal Gθ values for blended coagulant Alum and Moringa oleifera. 

The optimal Gθ values were 1275. 
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3.3 Operation and Test the PSWTPSD after Improvement   
 

After making the improvements mentioned in the previous paragraphs 

and implementing them in the project, an operation of the PSWTPSD was 

carried out and its efficiency assessed. Where tanks were installed to mix 

alum and Moringa oleifera for fermentation. Also, the helical static mixer 

was installed (2 m length, and 8-inch diameter), PSWTPSD operation and 

checks were performed to determine the efficiency of turbidity removal. 

Where alum and natural coagulant were prepared in 2 plastic tanks equipped 

to prepare alum solution with a natural coagulant. It is located near the main 

container and the capacity of one chemical container basin is 0.7 m
3
. It uses a 

mixer that runs at 1500 RPM and has a power capacity of 1.5 HP. An amount 

of alum dose and natural coagulant is placed in the plastic tanks, according to 

the specified proportions. The basin is completed with water and after the 

alum has completely dissolved. The alum and Moringa oleifera solution is 

pumped into the helical static mixer with an injection pump. Below are the 

amounts and specifications of the raw materials used in the PSWTPSD after 

making the improvements: 

 Alum mixing rate at normal operation is 0-100 mg/l, depending 

on the value of the dissipation in the plant. 

 Moringa oleifera mixing rate at normal operation is 0-150 mg/l, 

depending on the value of the dissipation of the plant. 

 The doses required for injection are adjusted using a pump 

according to Table 4. 

After the PSWTPSD works, the added chemical doses are recorded for 

water cases of different abundance and specific conditions which are a good 

indicator of the required dose for coagulation and mixing ratios in Table 4. 

The chemical doses are recorded daily to facilitate the process of their use. 

After the water flows through the flow measurement device, and a pH 

control process, it will be dosed with blended coagulant Alum and Moringa 

oleifera. BCAMO is added to the influent as a coagulant aid right above an 

inline mixer and before it enters the flocculation tank. This is necessary for 

the BCAMO to mix evenly with the water and interact with all the particles it 

carries. In this system, the plant operator can automatically control the flow 

rate of the BCAMO in the rapid-mixer. The BCAMO solution is stored in a 

constant tank is supplied through a feed pipe into the mixer. The BCAMO 

solution flow rate is controlled by changing the position of the alum feed 

tube using the hole in the pipe above the mixer. The plant operator can 

determine the desired BCAMO dose from the results of a jar test. The desired 

flow rate can then be achieved by placing the BCAMO feed tube into the 

hole next to which the corresponding flow rate value is written. These values 

will be predetermined. 
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Table 4: Average Flowrate of Alum and Moringa Oleifera Dose and Removal 

Efficiency 

Adjust 

the 

Cursor 

% 

Chemical 

Pump 

Flow Rate 

l/s 

Average 

Alum and 

Moringa 

Oleifera Dose 

mg/l 

Raw 

Water 

Turbidity 

NTU 

Proportions 

Removal 

Efficiency 

% 

 

100 30 150 

225-500 0.75:3.0 98.6 
90 27 135 

80 24 125 

60 18 100 

50 15 85 
125-225 0.5:2.5 98.2 

40 12 70 

30 6 43 
25-125 0.5:3.0 97.9 

20 3 28 

0 0 0 -  - 

 

The experiment was performed with BCAMO, with different dosage us 

shown in Table 4. During PSWTPSD run water samples were taken every 

day from the river, and the treated water. Turbidity and pH were measured 

for both raw water and treated water from the filter outlet.
 

The above mixing ratios were applied and the results are shown in Table 

4. We notice that using the coagulants the three mixing ratios mentioned in 

Table 4 and for three levels of turbidity (50, 150, and 450 NTU), the 

PSWTPSD efficiency for the mixing ratios was 97.7%, 98. 2% and 98.6% 

respectively.Which meets the Iraqi specifications for drinking water and does 

not affect the pH. 

  

4    Conclusions 
 

The purpose of the improvement of this PSWTPSD was to reduce the 

raw water excessive turbidity to provide water of good quality for around 

250000 people. An assessment of the PSWTPSD was made in terms of 

turbidity reduction rate, coagulant costs, easiness of operation, and use 

natural coagulant. The results indicated that COMSOL Multiphase 5.4 

Software is an accurate and effective engineering tool in the representation of 

the hydraulic helical mixing pipe. Loss of pressure in an inline static mixer, it 

was found that about 10 cm. The results of the Software also showed that the 

detention time is about 2 seconds and that the best mixing velocity gradient 

for the coagulants was 750 sec-1, which achieves the highest removal 

efficiency for turbidity. As the proportions of alum and natural coagulants 

were mixed to reduce the concentration of alum harmful to health and 

achieve the highest efficiency for removing turbidity.  
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The turbidity removal efficiency shows that the maximum removal 

efficiency is obtained by proportions blended coagulant Alum and Moringa 

oleifera proportional 0.75: 3.0. The turbidity reduction rate was measured 

once before improvement in PSWTPSD at 80.35% (average raw water 

turbidity removal efficiency), and once after improvement in PSWTPSD at 

98.2% (average raw water turbidity removal efficiency from 25-500 NTU). 

which is identical to the permissible limit in the specifications of Iraqi 

drinking water, which is less than 5 NTU. Here in this In this blending 

process, we reduce the alum dose by up to 80% for 50 primary NTU turbid 

samples and 150 NTU, 450 NTU the alum dose is reduced to 70.0%. Thus, 

we reduce the defects of alum. We can also reduce the cost of treatment by 

using natural coagulation instead of conventional coagulant. Therefore, in 

this project, the performance of the PSWTPSD to make the water produced 

has been improved according to the Iraqi specifications 
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