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ABSTRACT  

Self-cleaning filters was explored as a viable way for boosting the remediation of river 

water. The objective of the project was to develop new strategies for removing 

sediment from turbid river water. Innovative methods of water purification, such as the 

SCFs plant, were tested as part of pilot programs to find a solution to this problem. 

This was done by adjusting parts of the SCF plant's operation, such as the water flow, 

differential pressures, coagulant, and flocculent concentrations. This innovative 

technology was able to evaluate the efficacy, and operability of the SCFs facility. 

Considering these findings, it is possible to conduct an in-depth analysis of the viability 

of deploying water treatment technologies that are analogous to those utilized at the 

SCFs plant in areas that share similar environmental circumstances and/or issues with 

water treatment. Approximately 40 % of turbidity was mitigated, and ongoing research 

is focused on optimizing the process to achieve a removal efficiency ranging from 90 

% to 100 %. More than 20 % was taken out at all flow rates, on average. Outside of 

the process In-line filters, several different chemical formulations and combinations 

were evaluated and assessed in terms of their effects on a selection of the process's 

characteristics. This was done to further enhance the automatic backflushing filter. 

After making the necessary adjustments to the RF-14, the PLF components were 

turned on so that even more turbidity could be removed. The goal of the research was 

to ascertain how well a pilot plant using water from the Kavango River could remove 

turbidity using an aluminum sulphate coagulant. The ideal values for parameters like 

pH, coagulant dosage, stirring rate, and temperature were determined to be 7.5, 24 

mg/L, 200 rpm, and 25 �( ��, respectively. Under ideal circumstances, the river's turbidity 

dropped from 2.52 to 0.21 NTU, or 91.7 % removal efficiency. In water treatment 

facilities, the coagulation-flocculation technique is a very efficient and economical 

procedure. The primary goal of the coagulation-flocculation procedure was to clear 

water treatment facilities of turbidity. The coagulation process will get better as the 

influence of temperature rises. According to the research, purified water may be 

utilized for drinking and household purposes. 

 

Keywords: Water Treatment, Coagulation, Flocculation, Filters, Jar Test, Optimization, 

turbidity, Coagulant, Processes. 
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Chapter 1: Introduction 
 
1.1 An overview of the self-cleaning filters (SCFs) and coagulation-flocculation (CF) 

process. 

A self-cleaning filter (or screens) is a type of water filter that uses system pressure to 

clean itself (Zong. et al., 2019). Self-cleaning screens remove unwanted particles from 

water sources in the range of 5 to 4,000 microns and at flow rates from 38 litres/minute 

up to thousands of litres per minute in large scale applications. SCFs save your 

property in water, energy, maintenance, and equipment emergencies. Automatic 

screens require no regular maintenance due to the technology used. Amongst the 

diverse varieties of screens, automatic backwash screens are one of the most used 

species in drip irrigation techniques (Zong. et al., 2015). Screens are a major module 

of drip irrigation, and numerous tentative findings on screen performance have been 

conducted.  

Filter performance can be based on pressure drop, pressure drop ratio, backwash 

pressure differential, and type of mechanical and hydraulic problems encountered 

(Shock. 2006). A major cause of emitter blockage in drip irrigation is floaters with both 

organic and inorganic mechanisms. However, the biggest problem with clogging is 

instigated by the existence of elements for instance, sediment and algae (Arno���¶ et al., 

1990). Purification is necessary for inexpensive process of drip irrigation systems and 

broadens their life expectancy. Mineral water is extremely essential pure source for 

maintaining a healthy environment and nutrition for sustainable development.  

Portable water dispensers are a necessity for human and biological survival (Chauhan 

& Gupta. 2015). In emerging and third countries, there are major problems with the 

supply of drinking water due to lack of financial resources (Sohrabi. et al., 2017). 

Access to drinking water is limited in affluent rising nations semi-urban and rural areas. 

Developing populations use turbid and polluted water for domestic purposes, ignoring 

that water-borne diseases pose a global health threat to countries lacking adequate 

water treatment facilities (Muhammad. et al., 2015). 
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Water quality in rivers is unstable due to contamination by suspended and colloidal 

particles from human activities and heavy storm runoff during the rainy season, leading 

to increased water treatment costs (Tyagi. et al., 2020). Depending on the quality of 

the water source, drinking water purification involves several complex steps. The cost 

and emptiness of chemicals are required to accomplish the necessary position of 

treatment for effects like turbidity and microbiological consignment in the water (H-

Eslami. et al., 2018). Turbidity is suspended, dissolved, and colloidal particles in pre-

treatment water that must be removed to improve treatment effectiveness (Sohrabi. et 

al., 2015). The main problem with river water is turbidity, which is not suitable for 

drinking (Sohrabi. et al., 2016).  

Chemicals must be added to the turbid water to aid in the deposition of particles in the 

water (Ibrahim. et al., 2016). Resolutely conventional water purification methods 

include chemical flocculation (Al-Asheh & Aidan. 2017), aeration (Xu. et al., 2018), 

reverse osmosis (Environmental Protection Agency (EPA). 2017), filtration (Morita & 

Reali.  2019), ion exchange (German. et al., 2019), and other processes. A portable 

water treatment technique called flocculation is utilized in untreated river water to 

destabilize suspended particles and interact with natural processes. Agglomeration is 

the aggregation of destabilized particles into larger particles known as flocs, which can 

be effectively removed by self-cleaning filters (Abel. et al., 2015).  

Coagulation and flocculation are mostly used to lessen the turbidity of raw water. One 

of the most crucial processes in the treatment process to eliminate or lessen turbidity, 

colour, and microorganisms is the chemical coagulation process (Lin. et al., 2015). 

Coagulation agents, both organic and mineral (inorganic), are the two primary 

categories of substances employed in coagulation and agglomeration processes. The 

most common coagulants used to remove turbidity from raw river water are ferric 

chloride, aluminum sulphate (alum), polyaluminum chloride (PAC), and synthetic iron 

salts such as aluminum (Hossini. et al. 2015). Iron and aluminum salts are more 

commonly used as flocculants for water treatment. When added to water, Al ions 

undergo rapid hydrolysis to form various metal hydrolysates (Jiang. 2015).   
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Ferrous salts, such as ferric chloride, do not require pH requirements. It works in a 

specific pH range and is easy to use, whereas alum is cheap, widely available, and 

easy to use when used correctly. These salts cause coagulation only through their 

charge suppression and cross-linking abilities (Sun. et al., 2017). Coagulation has long 

been used to clear water of turbidity. Chemical reagents are introduced into the water 

stream, depending on the claim, to increase the effectiveness of flocculation, and 

sedimentation before filtering (Javid. et al., 2017). 

1.2 Motivation. 

Automatic self-cleaning filters offer a viable rate-saving avenue for water, wastewater, 

and mining companies. In addition, this becomes clearer when considering the 

burdens that stressed water, wastewater, and mines are currently carrying and 

increased rapidly of operating expenses that are crushing profit margins, against a 

framework of intensifying compliance obligations from regulators. Decidedly, these 

conditions rule out the manual filter media with multitude of challenges due to the 

above conditions and lead to the execution of adopting an alternative filtration 

mechanism for the conceivable proposition. Understanding that the treatment systems 

are based on the flow of material across filtration media mechanisms, such as 

pressure filters, which are essential in numerous processing applications. 

In the water and wastewater industry, it is used to separate solids from liquids (liquids 

or gases) by intervening a medium through with only liquids can take place. 

Nevertheless, there is a drawback to them, which can impede the very process of 

filtration they are intended to speed up. Sutherland & Chase. (2008) were concerned 

that the main challenge is that the industry neglects the costs associated with the 

�P�D�L�Q�W�H�Q�D�Q�F�H���R�I���I�L�O�W�H�U�V�����³�:�K�H�Q���F�R�Q�V�X�P�H�U�V���D�F�T�X�L�U�H���G�Lsposable media filters, they often 

go wrong to account for the whole expenditures such as the initial disposable filter 

�S�X�U�F�K�D�V�L�Q�J���S�U�L�F�H���S�O�X�V���W�K�H���H�Q�G�X�U�L�Q�J���F�R�V�W���R�I���W�R�R�O���P�D�L�Q�W�H�Q�D�Q�F�H���D�Q�G���Z�D�V�W�H���G�L�V�S�R�V�D�O���´���,�Q��

this context, the challenges with conventional filters could be classified into three 

stages such as loss of throughput due to downtime, maintenance costs, as well as 

enhanced safety risks and emissions.  
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The largest impediments of disposable filtration media are the inclination to clog 

rapidly, which requires numerous cleanings. The process of opening and closing of 

filter plate to eliminate clogged debris, as well as other related significant tasks, 

diminishes the time that the filter is running. Frequent maintenance is another area 

where costs do not come expensive. Authors have indicated that Sutherland & Chase. 

(2008) for the maintenance of a particular filter, the operator must eliminate separate 

parts, including the cover, firmness seals, and seal plates, and restore all parts with 

appropriate configuration to ensure good seals. The authors also stated that there is 

a housekeeping rate for cleaning any leakage from disposable media.  

Automatic self-cleaning filters are known for removing suspended solids from 

pressurized liquid streams and then detaching filter cake entirely from the screen 

surface within seconds. The self-cleaning filters effectively eradicate the need for the 

physical existence of operators, and diminish regular cleaning and servicing, 

eventually, improving filtration throughput, and eradicating worker exposure to safety 

risks. 

1.3  Problem statement. 

The currently available water treatment, sand filtration, has proven its worth in water 

treatment for decades. The former breaks down chemical and biological contaminants, 

the latter removes fine dust. However, neither is established to be adequate in 

discarding low turbidity water. Recently, Vieira. et al., (2017) showed that removal of 

low-level turbidity from produced water using sand filtration is not sufficient and other 

systems should be investigated. 

Filtration lengthens the lifespan of water treatment techniques and is necessary for 

their successful operation. Automatic backwash screens are one of the different forms 

of screens that are most frequently utilized in water treatment methods (Zong. et al., 

2015). In the application of this study the two systems flow together. 
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1.4 Aim and objectives. 

This study's major aim is to assess how well self-cleaning filters (SCFs) at the Ndama 

water treatment facility remove impurities from river to produce safe drinking water. 

The precise objective of this project is: 

�x Evaluate the total pollutants in water end-uses by conducting turbidity tests on 

SCFs to assess impurity removal performance in the SCFs system. 

�x To calculate the suspended solids removal on SCFs by using particle size 

distribution method. 

�x To perform parametric analysis on the SCFs efficiency to establish the quality 

of the water produced at Ndama. 

1.5 Hypothesis of the study. 

It is hypothesised that: 

�x �*�5: The system's early phase average effluent concentration remains constant. 

�x �*�6: Throughout the disturbance, the system's average effluent concentration 

remains constant. 

�x �*�7: The average effluent concentrations before and after the disturbance are 

the same for each system. 

�x �*�8: Impurities must be considered in the output. 

�x This hypothesis is accepted or rejected only during the determination of results. 

1.6 Limitations. 

�x Highly knowledgeable personnel can provide on-the-job support to fill 

knowledge gaps. This increases your chances of identifying and fixing 

problems before they become serious problems. 

�x Most facilities rely on equipment suppliers for expertise rather than training 

their staff in-house. However, by offering this high-quality, expert training in-

house, employees can immediately see. 

�x Mechanical and equipment errors. 

�x Complex chemistry, biology, and bacteria problems. 
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1.7 Importance of the study. 

�x There is no denying that clean, sterile water is essential to staying healthy and 

living a long life. 

�x However, due to the lack of clean water, we cannot rely solely on the public 

water system. 

�x Invest in water treatment solutions that are suitable for supplying tasty, clear, 

soft drinking water that can be used for drinking, cooking, bathing, and other 

duties to ensure clean water for our family. It is sage. With a basic cooking 

setup, take advantage of limitless access to clean water and tranquillity. 

1.8 Outline of the dissertation 

Chapter 1: This chapter gives a brief overview and history of self-cleaning filters and 

coagulation-flocculation process. The motivation that inspired this 

research, a problem statement, objectives and aim of the study are also 

included.  

Chapter 2: A review of the literature on Self-Cleaning Filters. 

Chapter 3: Descriptions of experimental procedures and all analytical techniques. 

Chapter 4: The results obtained in this study are presented.  

Chapter 5: Based on the results and objectives of the study, conclusions are drawn 

and recommendations for further work are made. 

Chapter 6: References. 
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Chapter 2. Literature Review. 

2.1 Brief background on the establishment of self-cleaning filters plants. 

Self-cleaning filters are filters that capture contaminants in water immediately by 

removing suspended matter and particulates, reducing turbidity, etc. Self-cleaning 

filters (screens) are the most effective method for purifying water and maintaining 

precision equipment and other system components. Self-cleaning filters are water 

filters that promptly remove contaminants. Traditional particulate filtering techniques 

have limitations such as a smaller total filtered quantity, susceptibility to soil blockage, 

filter part dismantling for cleaning, and a lack of State monitoring capabilities. 

Self-cleaning filters (SCFs) are used worldwide for various applications. �7�K�H�� �6�&�)�¶�V��

Plant has three filtering methods which are ATF, RF-14 and PLF (Hydac. 2020). Due 

to their proven record of long life, efficiency, wide range of filtration degrees, and 

minimal maintenance, SCFs lend themselves to uses in industrial, municipal, and 

commercial applications (Vieira, Weeber & Ghisi. 2013). In municipal water treatment 

plants, SCFs are replacing or complimenting media filtration, offering the following: 

�x Lower levels of disinfection by-products,  

�x Reduced energy demand,  

�x High total suspended solids (TSS) and turbidity removal,  

�x Lower capital and operating costs,  

�x Lower water loss, 

�x Small footprint. 

Furthermore, SCFs require less labour due to the ease of automation and efficiency 

of the cleaning step. Most designs are such that the system is maintained while 

processing. It is due to some of these benefits that SCFs are replacing media filters in 

municipal applications (Yao & He. 2014). The separation of solution components by 

pressure feeds is the most common type of semipermeable membrane filtration. This 

type of semipermeable membrane filtration results in protective components collecting 

on the outer side of the membrane, which in turn causes concentration polarization.  
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Due to increased sediment osmotic pressure and hydraulic resistance in such 

systems, concentration separation and residue layers reduce the dynamic intensity of 

the development and negatively affect the effectiveness of membrane development 

(Yao & He. 2014). The following initiatives are the focus of the primary efforts to extend 

the inventive filtering system: 

�x Reduced particle adsorption to the outside of the filter element and reduced 

particle contact at the frontier layer are recommended. 

�x Lessening of absorption separation and accumulation of debris on the screen 

component are predicted to affect the screen component's peripheral 

dynamics. Based on these obligations, screens have historically pushed on 

enhancing the engineering separation methods.  

According to Meireles, Prat, and Estachy. (2015), this type of filtration systems 

is frequently used in engineering circulation advances, oil fabrication programs, 

and subsea approaches. Mechanical scanning scanners or backwashing are 

used to build screens that have lowered the stiffness of the residue coating and 

concentration separation (Vieira, Weeber & Ghisi. 2013), (Yao & He. 2014).  

Hydro-dynamic screens with fitted screen components, such as "cylinder-in-

cylinder" (Meireles, Prat, & Estachy. 2015), or screens with peripheral physical 

impacts Sutherland & Chase. (2011) are other names for self-cleaning filters 

(SCFs). Automatic pulsations absorbed ultrasonic vibrations on screen 

components, aeration, and other impacts are examples of peripheral physical 

influences (Maksimov & Mazko. 2000), (Kim. et al., 2015).  

The measured aperture magnitude is one of the microfiltration issues mentioned in 

(Museev. et al., 2017). The lack of compositional changes in the absorbent material 

during filtering and refining is the cause of the low refining effectiveness. This makes 

clearing aperture clogging sediments challenging (Xu. et al., 2008).  
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2.2 Operating Principle of SCFs. 

In general, SCFs are absolute filters that separate suspended solids from the carrier 

fluid using mechanical means. A perforated or wire mesh filter element with a defined 

filtration cut-off rating (e.g., 100 µm) is typically used to trap the suspended particles 

bigger than the rating. As a result of the filtration action, solids accumulate on the 

active filter surface thereby impeding filtration over time (Yao & He. 2014), (Douglas. 

& Bruce. 1985). This leads to progressive head loss across the filter as the pores of 

the screen get blocked.  

To maintain filtrate production, a cleaning mechanism is required. A differential 

pressure switch is used to trigger the cleaning cycle. There are various methods of 

cleaning, most of which are mechanical. These include suction scanning nozzles and 

motorised brushes. Advanced SFCs use hydraulic cleaning mechanisms with minimal 

moving components (Zong. et al., 2019). 

2.2.1 AFT Filter Units. 

The feed stream enters the system through the ATF unit. Install two ATF units to 

remove high-density solid particles (sand) and protect downstream equipment. The 

AutoFilt® TwistFlow Screen (ATF) is an intermittently operating hydro-cyclone. As 

shown in Fig. 2. 1 and Fig. 2. 2, 250 m3/h, a time is used to control the outflow of 

collected sand and cleaning of the filter element (Hydac. 2020) by opening the safety 

valve at the bottom of the housing. 



 

10 
 

              
Fig. 2. 1: ATF units at the plant inlet (Hydac. 2020). 

 

Fig. 2. 2: Schematic drawing of the ATF Unit (self �± cleaning filters plant, Rundu), (Hydac. 2020). 
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2.2.2 Automatic back-flushing filter AutoFilt® (RF-14) Filter. 

A crucial piece of equipment for water treatment facilities is the RF-14 filter unit. 

Feeders for coagulation and flocculation are made to make micro flocs by destabilizing 

colloidal particles. It is also intended to administer a biocide when the filter layer 

becomes clogged with biofouling. A serpentine flocculator was provided to flocculate 

flocs before entering the RF-14 filter as depicted in Fig. 2. 3 in the below (Yao & He. 

2014), (Meireles, Prat & Estachy. 2015). Allhands and Marcus. (2000), studied a 

screen intended to retain agglomerated particles and reduce water turbidity using filter 

elements within RF-14.  

Meireles, Prat & Estachy. (2015) concluded that when backwashing was triggered, a 

geared motor was started to rotate an axially arranged cleaning device with individual 

cleaning nozzles. Due to the differential pressure between the filtrate line and the 

backwash line, there is a partial flow reversal around the wash nozzle. Fig. 2. 3 and 

Fig. 2. 4, shows that part of the filtrate flows from the outside through the filter element 

into the wash nozzle openings, and the sediments inside the filter basket are loosened 

by the resulting flow and discharged through the lower valve (Xu. et al., 2008). 

As the geared motor continues to rotate, the cleaning nozzle slides radially along the 

entire inside of the filter basket. This will thoroughly clean the filter basket. When the 

backwash cycle is complete, the backwash valve in the backwash line closes and the 

motor stops rotating. A typical hydraulically cleaned SCF is shown in Fig. 2. 3 and is 

the type of SCF which NamWater will assess to remove impurities from river water.  
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Fig. 2. 7: PLF unit (Self �± Cleaning Filters Plant �± Rundu). 

2.3 Assessment of backwashing pressure difference. 

Screen filters may be categorized according to the filtering method (or mechanisms) 

that they utilize, with straining being the most common of these mechanisms. There is 

a possibility that suspended particles with a size that is less than the mesh size will 

pass through the screen, while bigger particles will accumulate on the interior of the 

screen (Vieira, Weeber, and Ghisi. 2013). In this instance, the mesh size is greater 

than the size of the suspended particle, and the amputation is controlled by the action 

of physical forces. The process of filtering may be divided down into two separate 

categories, as shown in Fig. 2. 8 (Meireles, Prat & Estachy. 2015), which are (1) screen 

filtration and (2) filter cake filtration. 
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2.3.2 Filter of cake filtration. 

Xu. et al., (2008) looked at the issue of particles being lodged in a mesh screen and 

being difficult to remove from the screen after they have been lodged. In addition to 

interactions between particles, it was found that high-pressure and high-velocity water 

flow had a role in the gradual decrease of particles both within and on the surface of the 

mesh. This reduction took place during the process. This resulted in a significant rise in 

the level of complexity associated with the motion of the particles. According to Xu. et 

al., (2008), as particles settle on the screen, they stretch out and thicken until they 

completely obscure the surface. This process continues until the surface cannot be 

seen at all. 

The particles come together to create their own structures, and water flow or particles 

of a lower size can only enter the structure by a narrow opening or a winding channel. 

The porosity is reduced, most of the particles are encapsulated, and the water flow 

capacity is reduced. The process is not complete until the tiniest particles have been 

encapsulated. It cannot be tolerated for either the pressure loss or the pressure 

difference between the interior and outside of the screen to continue to widen at this 

rate. Allhands and Marcus. (2000) found that it was difficult to proceed with the filtration 

process when the filter cake became clogged with debris. 

Fig. 2. 8 is a representation of the procedure that is used to calculate the pressure drop 

across a screen filter. At first, the screen brings down the pressure (�­ P1) and does 

away with the need for filter cakes. As increased cakes are added to the display, the 

pressure (�­ P2) begins to drop. 

Because of this, we can calculate the drops in pressure at the screen filter by using 

Equation (2.1): 

�¿�2 
L �¿�2�5��
E���¿�2�6                    Eq. 2. 1 

where �­ p is the filter pressure difference and �­ p1 is the screen pressure difference. 

The filter film adds a pressure drop of Pa, which is denoted by �­ p2. 

Based on the filtering process of screen generation, Darcy's law provides a 

mathematical representation of the pressure difference across the screen.  

 

�¿�2�5 
L
���è�Å�Ä�-�Ì�-

�. �:�5�?�����;�.

���.
                           Eq. 2. 2 
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When the porosity of the media is between 0.3 and 0.5, the empirical factor �:�-�5�; is 5.0 

(Tang. et al., 1984). Letter (L) represents the thickness of the media in meters; is the 

water viscosity in pascal seconds; (u) represents the stream velocity in meters per 

second; (S1) represents the specific particle surface area in �:�I �6�;; and (�Ý) represents the 

porosity of the media. Since Eq (2.3) was only ever used for laminar flow, it is possible 

to determine the pressure loss that occurs during turbulent flow by applying the formula 

that was published by (Heertjes. et al., 1982). 

 �¿�2�5
�5�ä�9�9
L

���è�Å�Ä�-�Ì�-
�. �:�5�?�����;�.

���.
                                                                                          Eq. 2. 3 

An explanation of the Reynolds number �~�‹ based on the mesh diameter was offered by 

(Heertjes. et al., 1982). This was done to identify the different flow regimes.  

 �~�‹ 
L��
�–�›�Š�–

�Æ
                                                                                                            Eq. 2. 4 

where �~�‹ represents the Reynolds number of the flow through the mesh, dp is the 

diameter of the screen in meters, and is the density of water expressed in kilograms per 

cubic meter. 

Based on the computed Reynolds number, the following may serve as a guide for 

determining the flow modes: When �~�‹is less than 3.0, the flow is laminar; when �~�‹ is 

higher than 7.0, the flow is turbulent; and when �~�‹ is between 3.0 and 7.0, the flow is in 

the transitive state. Laminar flow occurs when �~�‹is less than 3.0. Turbulent flow occurs 

when �~�‹is greater than 7.0. Source: (Heertjes. et al., 1984). 

Compressibility of the cake is an essential property that must be always taken into 

consideration, but particularly when filter rinsing is involved. Because of this, 

determining the amount of pressure loss caused by the cake is a challenging 

endeavour. Since both the screen and the cake utilize the same filtering mechanism, it 

is possible to anticipate the pressure difference induced by the cake by utilizing equation 

(2.5) (Muhammad. et al., 2015).  

 �¿�2�6 
L���Ú�7�¿�2�5                                                                                                       Eq. 2. 5 

where is a number (�Ú�; lies between 2.5 and 4.0 based on the empirical factor. 
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2.4 Types of Sand Filters. 

The usage of sand and gravel as filter media for water demands may be categorized 

into three basic filter types: Slow sand filters (SSFs), Rapid sand filters (RSFs), and 

Roughing filters (RFs). 

2.4.1. Slow Sand Filters (SSF). 

As seen in the graphic below, the process of gradual sand filtration is used to purify 

water that involves pushing water through a porous layer of sand that contains biological 

membranes that filter and metabolize organic chemicals in water depicted in Fig. 2. 9  

(Ding and Wang. 2011), (Morita and Reali. 2019). Studies on the impact of sand bed 

depth on filter installation have also been done by (Gotinger. et al., 2011), Xu, Xue & 

Yang. 2018). According to Wegelin. (1996), to avoid clogging, slow sand filters (SSFs) 

need untreated water to have a turbidity of less than 10 NTU (Nephelometric Turbidity 

Units). The authors also noted that while rapid sand filtration (RSFs) makes river water 

treatment highly challenging, it is frequently employed.  

It was discovered that the usage of SSF could ensure the necessary space for the plant 

and that the river could be utilized as a supply of water by reducing raw water turbidity 

to not more than 10.0 NTU at fair assembly, operation, and preservation (O&M) rates. 

Researchers looking into nurseries and greenhouses such as Nyberg. et al., (2014) 

discovered a requirement to increase mineral water consumption effectiveness by 

lowering the volume of irrigation mineral water that is refilled. Ufer. et al. (2008) pointed 

out that SSFs are inexpensive and low maintenance, simple to use, and can enhance 

water quality by reducing turbidity and disease transmission.  

The effectiveness of the treatment procedure used a slow sand filter of agricultural and 

industrial wastewater with activated carbon was examined by Babashola. et al., (2020), 

and it was discovered that the SSFs were highly successful at eliminating turbidity when 

constructed appropriately and without overloading. By utilizing filters, the authors were 

able to reach efficacies of turbidity reduction ranging from 96.5% to 98.3%. 
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Fig. 2. 9: Convectional Slow Sand Filtration. 

2.4.2 Rapid Sand Filters (RSF). 

According to Wang. et al., (2010), flash filtration is a physical and chemical technique 

that removes suspended particles from water by forcing them through an absorbent 

material. This is often accomplished by the force of gravity brought on by a pressure 

difference, as seen in Fig. 2. 10. The main processes involved can be summarized as 

screening, flocculation, and sedimentation. The filter performance of the Quicksand 

filter ranges from 120 to 300 m³/m³/day (Gottinger. et al., 2011).  

Due to the high separation rate, the space requirements of high-speed filter systems 

can be reduced by up to 20 % compared to low-speed sand filters (Xu, Xue. & Yang. 

2018). However, this is achieved at the expense of the supposed biological processes 

of slow sand filters. According to Albers. et al., (2015), filters should periodically be 

backwashed to avoid becoming clogged with accumulated particles such precipitated 

metal oxides and surplus biomass.  
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2.5 Historical Context for Coagulation and Flocculation. 

The electrostatic interaction between pollutants and coagulant-flocculent agents on 

zeta potential measurement was defined using criteria based on the coagulation-

flocculation mechanism (Lopez-Maldonado. et al., 2014). Primary treatment and 

coagulation/flocculation units in water and wastewater treatment plants are used to 

remove suspended particles (Abu Bakar. 2021).  

The therapeutic effectiveness of coagulation and flocculation depends on the specific 

coagulants and flocculants used (Ahmad. 2021b). The concept of coagulation and 

flocculation, as described by Fard. et al., (2021), entails the destabilization of 

suspended particles by the addition of coagulants and flocculants to reduce repulsive 

interactions between particles. The necessity arises from the fact that the formation of 

floc is impeded in an unstable environment.  

In a study conducted by Aktas. et al. (2013), it was shown that the collision of 

destabilized particles resulted in the formation of larger flocs, which exhibited 

enhanced precipitation. Chemical coagulants and flocculants are often employed in 

the treatment of raw water and wastewater due to their established efficacy in the 

removal of suspended particles (Igwegbe and Onukwuli. 2019), (Kumar. et al. 2021), 

and (Ramli and Abdul Aziz. 2015). According to Kumar. et al. (2021), the outcome of 

the procedure yields silt that is nonbiodegradable and need treatment before to its 

disposal in an uncontrolled setting. 

2.6 Working mechanism of coagulant and flocculant. 

The shown procedure in Figure 2.12 (a) illustrates the simplest coagulation-

flocculation process using a commonly used positively charged chemical known as 

alum. Flocculation is commonly employed as a means of detecting coagulation in the 

water and sewage treatment industries. Flocculation is a process that leads to the 

formation of discernible suspensions of sub-microscopic particles, known as micro 

flocs, which have increased in size due to collisions. 
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According to Jin. (2005), and the findings of Nnaji. (2012) and Ma. et al., (2001), there 

are seven elements that influence flocculation or flocculation, and these factors include 

temperature, pH, effluent quality, mixing speed, dose, and the kind of coagulant. 

According to the findings of the trials conducted by Saritha. et al., (2015), an overdose 

has the potential to disrupt this phenomenon.  

As a result, water treatment facilities are required to think carefully about the precise 

mechanism of coagulant dosage. Patel and Vasi. (2013), did research and discovered 

that establishing the right dose is vital to lowering dosing costs, limiting sludge 

development, and achieving ideal treatment performance. Additionally, they found that 

determining the correct dosage is important for obtaining optimal treatment 

performance. According to the findings of several studies carried out by a variety of 

researchers, the effectiveness of turbidity removal varies with water pH, alum dose, 

and beginning turbidity. Volk. et al., (2000) provides a concise summary of the findings 

that were gathered. 

2.8 Knowledge gaps and future research directions for self-cleaning filters. 

Because these types of filters are unable to remove particles smaller than 30 microns, 

continuous research on self-cleaning filters that use flocculation and flocculation 

processes should concentrate on river water. To increase effectiveness and 

performance and to achieve previously defined water quality criteria, it is necessary to 

develop a theory, processes, and conduct advanced research on agglomeration and 

flocculation. It is important to undertake water pre-treatment so that the screens and 

cartridge components in the process-inline filters do not get clogged. 
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Chapter 3: Experimental Procedure. 

3.1 Procedures.  

The plant shown in Fig. 3. 1 and 3. 2 relies on the Okavango river located in Rundu, 

Namibia, as its primary water supply. The facility possesses the capability to generate 

250 cubic meters per hour (m3/h) of potable water. Due to the heightened turbidity and 

water depletion, it is necessary to employ self-cleaning filters for the treatment of river 

water. The objective of this study was to identify a methodology for reducing water 

turbidity level below 0.5 NTU, which is deemed suitable for human consumption. 

 
Fig. 3. 1: The utilization of a self-cleaning filter has been employed as a technique for the treatment of 

river water to effectively eliminate turbidity.     

 

Fig. 3. 2: Water treatment process (Hydac. 2020). 
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3.1.1 Location for river water sampling and study.  

The major goal of the container trial paper was to control the optimum possible amount 

of the coagulant and flocculant, such as Sudfloc 3500 and Aluminum sulphate. From 

the Okavango River (Namibia), water samples will be collected for container 

examination. On-site testing will include many jars. The container experiment's results 

will serve as a blueprint for further trials. 

3.1.2 Materials and reagents. 

All experiments in this study will be conducted using sudfloc 3500 (Aqua Services and 

Engineering, Namibia) and alum �:���Ž�6�:���� �8�;�7�ä�s�z�� �6�� �;. Hanna Instruments sells buffers 

pH (4.01, and 7.01) for calibrating pH meters.�¶ 

                           

 

Fig. 3. 3: (a) Buffer solutions (pH 4.01 and pH 7.01), and electrical conductivity solution and (b) 
cleaning solution, Storage solution and deionised water. 

3.1.3 Instruments and equipment.  

In Figure 3.2 (a) and (b), the use of the Hanna Multi-Parameter Meter for monitoring 

the quality thresholds of the filtered water, as well as the application of the Hanna 

Portable Turbidimeter for the measurement of turbidity in Nephelometric Turbidity 

Units (NTU), is illustrated. In a standard experimental setup including a quadruple-

paddle container, a total volume of 500 mL of the sample will be evenly distributed 

across four separate containers. Subsequently, these containers will be subjected to 

rotation at varying speeds. 

(a) (b) 
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Fig. 3. 4: (a) pH/EC/TDS and Temperature meter and (b) Turbidity meter. 

3.1.4 Preparation of Sudfloc 3500 and Aluminum solutions.  

One effective method for enhancing coagulation and flocculation is the preparation of 

a stock solution including Aluminum Sulphate and Sudfloc 3500. This involves 

dispersing 3 g of Aluminum Sulphate in 500 mL of deionized water. The process of 

dissolving 3 g of Sudfloc 3500 in 500 mL of deionized water results in the formation of 

a standard solution containing Aluminum Sulphate at a concentration of 3 mg/L in 500 

mL. The volume of the standard solution provided is 500 mL, which corresponds to a 

concentration of Sudfloc 3500 at 3 mg/L.  

Using a container trial, experiments are carried out to evaluate the different responses 

of sample water's pH, turbidity (NTU), total dissolved solids (TDS), and electronic 

conductivity (EC). To achieve uniform diffusion of the Aluminum and Sudfloc 

molecules, in a jar test, the Sudfloc 3500 and Aluminum solutions will be swiftly 

blended for two minutes at 300 rpm, then slowly blended for eight minutes at 40 rpm.  

The settings will be controlled for a duration of 10 minutes. The collection of samples 

for the purpose of analysing turbidity (measured in NTU), pH, and electrical 

conductivity (EC) will include the utilization of syringes. The authors express gratitude 

to Rahman. et al., (2015) for providing the idea for the technique based on literature. 

However, certain modifications have been made to the original approach. 

 

(a) (b) 
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3.1.5 Physicochemical analysis.  

Using the initial and final NTU concentration values measured as above, calculate the 

NTU removal rate and dose level using Eq. (1), (2) and Eq. (3) Explained below.  

Rejection (%) 
�Â�á�Ù�ß�è�Ø�á�ç���?�Ø�Ù�Ù�ß�è�Ø�á�ç

�Â�á�Ù�ß�è�Ø�á�ç
��
H�s�r�r                                                                                       Eq.3. 1 

Dosage calculation based on liquid weight and dry weight,  

Dosage (mg/L) = 
�¿�Ý��
H�Ì�ã�Ø�Ö�Ü�Ù�Ü�Ö���À�å�Ô�é�Ü�ç�ì

�Ê�Ý
��
H���s�r�:                                                   Eq.3. 2 

Dosage (mg/L) = 
�¿�Ý��
H�Ì�À��
H�¼

�Ê�Ý
��
H���s�r�:                                           Eq.3. 3 

Untreated water flow rate is expressed as �3�å (m3/h), drug concentration is expressed 

as "dose," polymer or alum blend solution concentration is expressed as "C," and 

substance flow rate is expressed as �(�å��(m3/h). 

3.1.6 Plant-pilot test. 

The three in-line stages of the self-cleaning screens at Rundu's Ndama Water Works 

are built to remove suspended particles from stream water. A process in-line filter is 

fed by an automatic twisted flow screen, which also feeds an automatic backflush 

screen. The screen micron values for automated twisting flow filters are 500 microns, 

automatic backflush filters are 30 microns, and process in-line filters are (1-90) 

microns. All pilots will continue receiving the coagulant (Aluminum Sulphate) and 

flocculant (Sudfloc 3500) dosages as both were convenient for them. The difference 

in concentration between unfiltered and filtered samples will be used to compute the 

fine particle concentration. 

3.2. Experimental. 

3.2.1 Location for the collecting of water samples and conducting research. 

The sample of untreated water was obtained from the Kavango River, which is located 

near the town of Rundu in the northern part of Namibia. The untreated water from the 

river was acquired by pouring river water into a container made of plastic. During the 

procedure, the screw cap of the bottle was injected. The water from the river was not 

treated before the coagulant was applied to it. 
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3.2.2 Components and constituent materials. 

The entire complement of the study's testing chemicals was supplied by Aqua Services 

& Engineering (Namibia), which was responsible for delivering those chemicals. These 

compounds included Aluminum Sulphates, which have the formula ���Ž�6�:���� �8�;�7�ä�s�z�� �6, 

Ferric Chloride, which has the formula �	�‡���Ž�7�ä�x�� �6�� , Sulphuric Acid, which has the 

formula �:�� �6���� �8�;, and Sodium Hydroxide, which has the formula (���ƒ���� ). All these 

chemicals are illustrated in Fig. 3. 5 (a) to (d). 

Hanna instruments, (South Africa) was the firm that supplied the buffer solutions (pH 

4 and pH 7) as well as a storage and conductivity standard for the purpose of 

calibrating pH meters. Additionally, they were responsible for providing a storage 

standard. The uniformity of the examinations that were carried out on each chemical. 

 

                                

  

                             

 

Fig. 3. 5: (a) Aluminum Sulphate, (b) Ferric Chloride, (c) Sodium hydroxide, and (d) Sulphuric Acid. 

 

 

(a) (b) 

(c) (d) 
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3.2.3 Apparatus and Instrumentations. 

The pH, electrical conductivity, and temperature parameters were assessed using 

Hanna multi-parameter meters (HI991301). Two distinct turbidity measuring 

instruments, namely the Hach Online Turbidity meter (TU5300sc) supplied by 

Aqualytic (Pty) Ltd in South Africa, and the Hanna portable turbidimeter (HI98703) 

produced by Hanna Instrument (Pty) Ltd in South Africa, were employed. The 

apparatus employed in the jar test is seen in Figure 3.6 (a) to (c), and comprises a 

conical flask produced by AfriFusion in South Africa, beakers, a flocculator, a pipette, 

a funnel, and an electronic weighing scale. To adhere to international standards, both 

an online turbidity meter and a portable turbidity meter were employed to ascertain the 

turbidity of the water sample. 

                              

 

                       

 

Fig. 3. 6: (a) Electronic weighing scale, (b) Beakers, and (c) Flocculator. 

 

 

(a) (b) 

(c) 
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3.2.4 Aluminium Sulphate and Ferric Chloride coagulant preparation. 

The stock solutions of 1% Aluminium Sulphate and Ferric Chloride were made by 

dissolving an adequate amount of ���Ž�6�:���� �8�;�7�ä�s�z���6��  and �	�‡���Ž�7�ä�x�� �6��  in 1000 mL of 

deionized water so that 1 mL of this stock yields a 10 mg/L solution of Alum and Ferric 

in 1000 mL of deionized water. The total weight of the stock solutions was 10 g. 

3.2.5 Experimental Design and optimization. 

The pH of the water sample, as well as its turbidity, temperature, and electrical 

conductivity, were all assessed with the use of a jar test. We used the jar test 

technique, during which we mixed an alum and ferric solution at 200 revolutions per 

minute for two minutes, then at 40 revolutions per minute for eight minutes, and then 

allowed it to settle for ten minutes. 

On 1000 ml samples, the efficiency of coagulants based on aluminum sulphate 

�:���Ž�6�:���� �8�;�7�ä�s�z���6�� �; and ferric chloride (�	�‡���Ž�7�ä�x�� �6�� ) was tested with an apparatus 

called a Flocculator Jar testing device, which has six stirrers. The pH of the sample 

was brought to a value that was somewhere between 5.5 and 8.0 by adjusting it with 

diluted sulphuric acid and sodium hydroxide. 
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4.3 Enhancement of coagulants. 

As demonstrated in Table 4. 1, the level of turbidity does not exceed the threshold of 

4 nephelometric units that the World Health Organization (WHO) considers to be 

unsafe for human consumption due to the need for disinfection (WHO. 2011). As one 

of the primary key performance measures for this pilot project, it was determined that 

treatment was required whenever the level of turbidity dropped below 0.5 NTU. On the 

other hand, as shown in Table 4. 1, all the supplementary parameters are within the 

acceptable range and may be consumed without any extra processing being required. 

Table 4. 1: The characteristics of river raw water (WHO. 2011). 

 
Parameter  Initial Results  WHO Standard  

Temperature���:�( ) 26.40 35 

pH 6.76 5.5 �± 9.5 

Conductivity (mS) 1.98 300 

Turbidity (NTU) 2.52 < 4 

 

The consequences of adjusting the amount of coagulant dosage on the coagulation 

process are shown in Fig. 4. 10. Maximum turbidity was measured to be 0.37 NTU 

(85.3%), which was found to be achieved at a dose of 24 mg/L. The minimum effective 

turbidity reduction was 2.09 NTU (17.1 %) when the concentration was 4 mg/L. 

According to the findings, the turbidity of untreated river water was successfully 

decreased by 24 mg/L after treated with aluminum sulphate and ferric chloride 

coagulants. This was verified by the findings. 

According to the findings of study conducted by Muhammad. et al., (2015), the removal 

of scattered water from river raw water is made less effective by the addition or 

subtraction of coagulants. At a dose of 24 mg/L of river water that has not been treated, 

Fig. 4.10 illustrates the highest decrease in turbidity that may be achieved, from 2.52 

down to 0.37 and 0.57 NTU, respectively, for both alum and ferric. Dosages ranged 

from 4 mg/L all the way up to 24 mg/L, depending on the kind of sample and the 

volume. Monitoring of samples that have been filtered for both short and prolonged 

periods of time to guarantee proper settling.  
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When the raw water temperature was dropped to �w���( , the value of turbidity removal 

was 1.23 NTU and 1.94 NTU, respectively, showing a 34.1 % and 62.5 % decline in 

the effectiveness of the coagulant. This can be seen when comparing the findings of 

Fig. 4. 10 at �t�y�ä�t���(  and 24 mg/L with those of Fig. 4. 12. In addition, when the 

temperature of the raw water was raised to �u�r���( , the turbidity value was 0.58 NTU, 

which indicated a drop in coagulant effectiveness of 8.3 % as compared to the findings 

shown in Fig. 4. 10 which were obtained at �t�y�ä�t���( , and 0.74 NTU, which indicated a 

decrease in coagulant efficiency of 14.7 %. 

When compared to the value of 0.38 NTU that was achieved when the temperature 

was lowered to room temperature, the value of 0.21 NTU that was achieved when the 

temperature was raised to �t�w���(  represented a 91.7 % reduction in turbidity. This 

suggested a 6.4 % improvement in the coagulant's capacity to remove turbidity from 

the unfiltered water when compared to the results of Fig. 4. 7 at �t�y�ä�t���(  and 24 mg/L. 

On the other hand, this indicated a 0.4 % decline in the coagulant's ability. The 

outcome of the temperature is highly reliant on the way the settlement takes place. 

According to Misau and Yusuf. (2016), a high viscosity occurs in water as the 

temperature drops from room temperature to between 0 and 24 degrees Celsius. This 

has a detrimental influence on the coagulation and flocculation kinetics of the water. 

According to the findings, this has a sizeable bearing on the flocs' potential for being 

established. The hydrolysis of mineral ions and the greater competition for fixation by 

macromolecules both contribute to a reduction in the viscosity of unprocessed water 

as temperature increases. This results in less resistance to flow. As a direct 

consequence of this, the processes of coagulation and flocculation speed up. 
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Table 4. 2: Evaluation of several coagulants for reducing turbidity. 
 

Coagulants Source Turbidity Removal  References 

PAC River 0.61 96.20 (Zemmouri. et al., (2015)) 

Watermelon Seed River 8.17 87.90 (Ezeh. et al., (2017)) 

Moringa oleifera (MWWTP) 39.40 69.45 (Rahman. et al., (2015)) 

Oyster Mushroom Domestic 

Wastewater 

42.44 84.10 (Pardede. et al., (2018)) 

Ferric Chloride 

Calcium Lactate 

Tannic acid 

 

River 

1.80 

2.92 

4.30 

85.00 

75.00 

64.00 

 

(Kaji. et al., (2019)) 

Alum River 0.21 91.70 (This work) 

 

4.5 PLF performance. 

The performance of the PLF was evaluated using 90, 50, and 5 ���P cartridges in a 

series of tests that were carried out between the 11th of August and the 15th of 

September 2021. The operating parameters for each of these cartridges were varied. 

Experiments in jars were carried out to determine the ideal doses for administering 

either alum and Sudfloc 3880 together or Sudfloc 3880 alone. The most effective 

dosage of Sudfloc 3880 was found to be 6 mg/L. 

Both alum and Sudfloc 3880 performed best at concentrations of 10 mg/L, in the case 

of alum, and 6 mg/L, in the case of Sudfloc 3880. Larger settleable flocs were 

produced when both alum and Sudfloc 3880 were supplied, whereas adequate floc 

development was seen when just Sudfloc 3880 was provided. Throughout the course 

of the tests, the flow rate, turbidity of untreated water and filtered water after the ATF, 

RF-14, and PLF, as well as the pressure at different measurement stations throughout 

the plant, were all documented.  

When the cartridges were changed out, the RF-14 and PLF units were tested, and the 

results of those tests supplied significant information on the devices' effectiveness. 

The subsequent parts devote considerable attention to an analysis and discussion of 

the trial's findings.  
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4.5.1 Clean PLF filter performance. 

The initial flow rate through the plant was around 252 m3/h on average when a fresh 

cartridge was placed at the beginning of each experiment. In each test, the differential 

pressure that was present over the PLF membranes was the primary factor in 

determining the amount of head loss that occurred throughout the system. Because 

all the other parameters were held steady apart from the pore size of the filter, we 

were able to examine the influence that the pore size of the filter had on the differential 

pressure while maintaining a constant flow rate and utilizing a pristine cartridge.  

Notably, the differential pressure rose while the flow rate fell as soon as the plant was 

�V�W�D�U�W�H�G���X�S���I�R�O�O�R�Z�L�Q�J���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���R�I���W�K�H���������P���I�L�O�W�H�U�����%�H�F�D�X�V�H���R�I���W�K�L�V�����L�W���Z�D�V���R�Q�O�\���D�E�O�H��

to record one differential pressure and flow rate measurement to demonstrate how 

effective a spotless filter is.  The results suggest that there is an exponential decline 

in the differential pressure as shown in Fig. 4. 14, which occurs as the pore size grows.  

 

Fig. 4.  14: Comparison of the initial differential pressure at a feed flow of 252 m3/h whenever a new 

PLF cartridges are used. 
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than the new one, while the new one had a higher loss. As a result, the curve of the 

system will shift in a different direction depending on whether it is run with or without 

the new system. 

After passing through the flocculation system, the flow finally reaches the RF-14. A 

strainer designed to catch particles that have been spread is included into the RF-14. 

The flow is limited, and the pressure increases as the strainer becomes more clogged 

with debris. The variable pressure head of the system prevents the pumps from being 

run at a constant duty point when they are in use. Even though the variable speed 

drive (VSD) that was installed allows for speed modifications, the pump has been 

tested while operating at a constant speed of 2960 revolutions per minute (rpm).  

During the tests, both the flow and the pump head were measured, and then their 

respective values were plotted on the pump performance curve. This curve was then 

contrasted with the performance curve provided by the manufacturer.  According to 

the findings, the pump is not running at the speed curve (Head) that was meant for it 

to operate at. The observed values cross the velocity curve in Fig. 4. 22 at a point 

where there is 100 m3/h of flow and 47 m of head.  

The numbers that are located to the left of the junction point are above the speed 

curve, whereas the values that are located to the right of the intersection point are 

located below the speed curve. This discovery is noteworthy because it suggests that 

the pump will cavitate when the flow is too low, and it will do so again when the flow is 

more than 100 m3/h. If it continues to be run in this manner, the impellers will 

experience damage on the inside as well as the outside of the machine. 
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When the facility was operated with the RF-3 filter unit that had 25 ���P nominal 

aperture size filter elements, there was no reduction in the amount of turbidity that was 

present. After switching out the RF-3 filter unit with the RF-14 filter unit, which included 

a filter element that had a nominal size of 30 ���P, there was no discernible difference 

in the amount of turbidity in the water. Although these findings suggest that the pore 

size of the various filter components plays a significant part in turbidity reduction, it 

was found that the performance of the plant may be improved by extending the 

flocculators' contact length with the water.  

4.7.2 Removal efficiencies of freshwater organisms. 

The results of external testing conducted by Hydac demonstrated that zooplankton 

larger than 50 microns were successfully filtered out. The size of the filter was not 

indicated in any way. In contrast to the findings of tests conducted in salt water, those 

conducted in freshwater revealed no evidence of algae removal.  

4.8 Particle size distribution in the raw and treated water. 

To determining the particle size distribution, two sets of samples were taken from the 

raw water and various sampling stations located within the R&D facility. Additionally, 

samples were taken from the filtered water produced at the N'karapamwe Treatment 

facility. The findings are presented graphically in Fig. 4.24, Fig. 4. 25, and Fig. 4. 26 

respectively. According to the findings, there was no variation in the particle size 

distribution of the raw water compared to the samples that were obtained at the various 

stages of the R&D plant's treatment process. 

According to the findings of the N'karapamwe Treatment Plant's filtered water, there 

are numerous big particles present in the water, which suggests that there is 

spontaneous flocculation of colloidal particles in the sand filter and that some 

breakthrough is detected in Fig. 4. 26. One of the reasons why the residual turbidity in 

the sand filters cannot be reduced to the level that is required is because of this. 

The fact that the RF-14 backflush shows a change from tiny particles to bigger particles 

implies that some of the flocculated material with larger sizes is being held by the filter 

element and is only being eliminated during the backflushing process. 
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Fig. 4.  24: Particle size distribution in the raw and treated water at various sampling points. 

 

Fig. 4.  25: Particle size distribution in the raw and treated water at various sampling points. 
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Fig. 4.  26: Particle size distribution of raw and filtered water.  

4.9 Flocculator contact time. 

According to what was said earlier in the paper, the contact time for the initial 

flocculation system is less than 25 seconds. Experiments in jars that were carried out 

both on-site and in labs that were located off-site demonstrated that a longer 

flocculation time is necessary to create flocs that can settle. Based on these 

observations, a flocculation system that consists of mixed containers was built in 

advance of the plant intake.  

After that, the water that had been flocculated was pushed through serpentine conduit 

and introduced into the flocculator. When operating in this mode, the compressors are 

responsible for dismantling flocs before they are sent to the filtering unit. This 

endeavour had no positive results. As can be seen in Fig. 4. 27, the capacity of the 

flocculator was able to be increased. 
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Fig. 4.  27: Schematic layout of flocculator extension. 

4.10 Turbidity removal with a filter aid. 

These observations lead one to the conclusion that, in addition to the flocculation time, 

the hydrodynamics in the mesh wire filter elements are responsible for floc 

fragmentation, and that the performance of the system may be improved by applying 

a flocculation assist. This conclusion was reached because of the correlation between 

the flocculation time and the hydrodynamics in the mesh wire filter elements.  

During the testing, an order for Ultrafine Clino, a product manufactured by Pratley 

Perlite Mining (Pty) Ltd (Pratley), was placed and then delivered to the location. After 

conducting the tests, Pratley released a new series of goods that were developed 

specifically for application as a filter assist. Fig. 4. 28 to Fig. 4. 33 show the particle 

sizes of the goods, in order from smallest to largest.  

When the quantity of colloidal particles is exceedingly low, as is the case in water with 

extraordinarily little turbidity, the filter aid's job is to help flocculate the particles so that 

they may be filtered out more easily. Clay particles are often used because they may 

produce big, durable flocculated particles that the filter element is able to hold on to.  
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In terms of the website of the Water Treatment Solution: Filtration. (2013), the 

oversized solid particles refer to those that possess dimensions beyond the capacity 

of the filter medium to allow passage, while the filtrate denotes the liquid component 

that successfully navigates the filtration process. Filters blinding is a phenomenon that 

arises when particles bigger than the average size gather on the surface of a filter, 

forming a filter cake.  

This accumulation impedes the flow of the fluid phase through the filter. The effective 

pore size of a filter is operationally defined as the upper limit of particle size that may 

navigate the filter without encountering significant obstruction. As in Fig. 4. 37, the six 

cartridge filters utilized in the process-inline filters experienced clogging due to the 

substantial particle load generated by the automated backwash filters.  

The water quality needed to be improved to meet the permissible turbidity level of 0.5 

NTU by utilizing the process-inline filter. This objective was intended to be achieved 

using automated backwash filters. However, these filters were found to be ineffective 

in removing particles bigger than 30 microns, resulting in their transfer to the process-

inline filters. 

                    

Fig. 4.  37: Formation of biofouling inside the PLF element. 
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Using scanning electron micrographs, Thomas. et al., (1999) stated that the growth of 

particle deposits over time was observed, revealing that these deposits varied 

dependent on the test filter. As shown in Fig. 4. 38, a rise in pressure decrease can 

occur in two distinct phases. The first phase is characterized by its progressive 

expansion, while the second phase is characterized by its rapid and linear growth. The 

resistance is hypothesized to be adiabatic. It neither radiates nor absorbs heat from 

its environs. When dry air, water vapor, and other gases like carbon dioxide are 

combined, the resulting pressure decrease is proportional to the square of the mass 

flow rate and inversely proportional to the mixture density. 

  

Fig. 4.  38: The relationship between the rise in pressure drop and the number of particles per unit 
filter area during blockage is being examined (Thomas. et al., 1999). 
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Chapter 5: Conclusions and Recommendations. 

5.1 Conclusion. 

According to the findings of this research, both Alum and Sudfloc 3880 were able to 

successfully remove turbidity from different quantities of river water when using a 

coagulation-flocculation technique in conjunction with the SCF plant. According to 

what have been deduced from the data that have been shown so far, the NTU may be 

reduced by the RF-14 before the signal is sent through the PLF cartridge filters for the 

final polishing. Although it has been shown that traditional flocculants and coagulants 

are effective in water treatment, more research is required.  

Through study, it has been shown that total suspended solids (TSS), turbidity, and 

colour may all be removed, with specialist examinations revealing a broad spectrum 

of removal. Because of the priority that has been put on doing experiments in the 

laboratory, there has been an insufficient amount of work done at the engineering 

scale. Due to the complexity of the coagulation and flocculation systems, polymers 

cannot be chosen for a specific treatment without first undergoing testing.  

There are two stages to testing process: (a) tests in a research laboratory to determine 

the type of flocculants and, more specifically, the optimal ionic bond, and (b) trials or 

systems developed by engineers to verify the flocculants' balloting and determine the 

quantity as well as the relative molecular mass of the flocculant that is in question. 

These two distinct kinds of tests make up the overall assessment. To achieve a higher 

level of optimization, we will forego the use of the PLF filters in favour of experimenting 

with a variety of alternative chemical formulations and combinations. 

In addition, the process parameters of the RF-14 will be subject to some minor 

adjustments. After the RF-14 has been adjusted to perfection, the PLF components 

will be turned on to further lessen the turbidity of the water. Within the confines of this 

investigation, many aspects, including pH, the amount of coagulant used, and the level 

of turbidity at the outset, were analysed.  

It was also a goal to optimize the procedure using these previously established 

parameters, and it was discovered that the combination of a coagulant (Alum) and a 

flocculant (Sudfloc 3880) removed the highest amount of turbidity possible. 
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5.1.1 Optimisation 
 

Using Aluminum Sulphate and Ferric Chloride, the author of this study explored the 

optimization of coagulant dosage, pH, stirring speed, and temperature. It was 

concluded that the best dose is 24 mg/L, the optimal pH is 7.5, the optimal temperature 

is 25°C, and the optimal stirring speed is 200 rpm. When the operating parameters are 

optimal, the coagulation-flocculation approach for treating fresh river water with 

aluminum sulphate is an excellent method for eliminating turbidity from the water. 

According to the findings, raising the temperature of the influent water is expected to 

bring about an improvement in the coagulation process's overall effectiveness.  

The optimal and most cost-effective dose of a coagulant was found by noticing that 

beyond this dose, a significant increase in the amount of chemical is required to 

generate a moderate improvement in turbidity elimination. This observation led to the 

discovery of the optimal and most cost-effective dose of a coagulant. It has been 

demonstrated that the optimal temperature for alum to operate at to successfully 

remove turbidity from untreated river water is around 25 degrees Celsius. Based on 

the information presented in Table 4. 2, it was decided that alum is the coagulant that 

is best suited for river water. In addition to the fact that it is useful, the fact that it is not 

overly expensive, it is widely available, and it is simple to use all contributions to its 

desirability as a choice.  

The findings of Javid et al., (2015) revealed that alum was helpful in reducing turbidity 

as well as the amount of chlorine used. Alum was 91.7 % as successful as ferric in 

removing turbidity when the temperature was set to 25 �( ; however, ferric was more 

effective than alum when the pH was set to 7.5. The results of the research indicated 

that alum is the material of choice for this R & D project since it demonstrated superior 

performance when compared to the other options. As an example, we looked at how 

well turbidity from medium-sized water samples from the Okavango River could be 

filtered out. 
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5.1.2 PLF trials. 

The following is a synopsis of the findings that were gleaned from research carried out 

on the diverse sizes of PLF cartridges: 

When the pore size was reduced, there was an exponential increase in the observed 

increase in differential pressure across the PLF cartridges. The 50-micron and 90-

micron cartridges are ineffective in removing turbidity from the water. There is 

evidence that flocs are generated because of the precipitation of aluminum hydroxide; 

yet the stability of the colloidal particles is not affected by this process. The required 

turbidity of less than 1 NTU could not be achieved. Both the 50 ���P �D�Q�G�� ������ ���P��

cartridges became blocked after several hours which resulted in a significant 

reduction. It was not possible to operate the plant at the design flow rate of 250 m3/h.  

There was a significant reduction in the final turbidity to less than 1 NTU using the 5 

���P���F�D�U�W�U�L�G�J�H�� Despite this, considering the low turbidity of 2 NTU that the untreated 

water had, the findings show that the plant will not work adequately with a larger 

turbidity in the raw water. It is undesirable that the 5 ���P cartridge causes both a quick 

rise in the differential pressure and a decrease in the flow of the fluid being filtered. 

The PLF does not have the capability of being backwashed. After a single usage, the 

cartridges are thrown away to prevent contamination. Should this be considered a 

solution, it will be essential to change the 5-micron cartridges more than twice a day. 

It is unaffordable given that the cost of replacement for each unit is more than R10,000.  

The findings of these tests made it abundantly evident that the RF-14 was not capable 

of removing any of the colloidal particles and that it should not be used for turbidity 

removal. Based on the results and the discussion above, it can be concluded that the 

PLF is not suitable for drinking water treatment irrespective of the cartridge type. Its 

intended use is to filter oil from internal combustion engines in a closed circuit where 

the rate of generation of metal particles is so slow that it is only required to replace the 

filters after several months in operation. The results also suggest that the RF-14 

played no role in the improvement of the water quality during the trials. 
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5.2 Recommendations. 

In the laboratory experiments, it was shown that the water could be stabilized by 

dosing sodium carbonate while simultaneously adjusting the pH for optimum 

flocculation. This was achieved by adding sodium carbonate to the water. The use of 

a filter assist in removing the formation of micro-flocs, which improved the turbidity 

reduction that occurred following filtering. The creation of floc was made better by 

increasing the length of time that the flocculator was in operation. According to the 

information that was supplied for the filters at the N'karapamwe Treatment Plant, it 

should be able to increase the performance of the current filters by combining them 

with the chemical dosing facility at the N'karapamwe Treatment Plant. 

This would include the AFT for grit removal as well as the flocculating system. 

Changing the pH of the water would also be a part of this process. In addition, the 

sand filtration system may be altered so that it can be used either as a dual bed or a 

mixed bed filtration system. This allows the system to be more flexible. Because of 

these adjustments, the length of time that the filters are in operation will be lengthened, 

and the amount of water that is lost will be cut down. Automation may be added to the 

plant via the installation of actuated valves and a PLC controller.  
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