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Abstract 

The goal of this research was to design and 

evaluate the efficiency of horizontal 

sedimentation tank for water treatment using 

different position of baffles. Turbid water was 

treated using alum in the condition with and 

without baffle in the settling unit. Turbidity 

was the main determinant in assessing the 

effectiveness of the settling tank processes. 

Visualization and profiling research was done 

using a dye tracer. Samples were collection at 

different baffle horizontal and vertical height, 

different flow rates and turbidity with respect 

to time. Baffle position was found to be 

capable of increasing turbidity removal 

efficiency considerably in the settling tank by 

diminishing the surface loading rate and 

increasing the retention time. Simulation 

displayed that turbidity can be eliminated 

higher than 95%. The type of water purified 

using optimum position of baffle was well 

below the WHO guideline for drinking water 

of <5 NTU. 
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Introduction 

Water covers 70% of the Earth’s surface, and 

despite that there is severe  water dearth.  Salt 

water, however, amounts to 97.5% and nearly 

75% of the freshwater is frozen in ice caps.  

Consequently, more than one third of the 

world’s population, that is 2.4 billion people, 

has no access to clean water. The issue of 

water - its quality and its quantity. To meet 

these goals water has to be treated properly [1]. 

As a result of atmospheric changes and the 

environment changes in the earth and water 

scarcity in the Middle East and increasing 

pollutants in the rivers, especially the 

Euphrates River, which led to a lack of 

efficiency of the water treatment plants require 

finding scientific solutions to deal carefully 

with the weather variables and increasing 

amount of pollutants. Sedimentation is one of 

the most common particle separation methods, 

although simple in principle, sedimentation 

tank still effective and essential in modern 

water and wastewater treatment. In water 

treatment, sedimentation tank usually aim at 

removing impurities, turbidity and color that 

produced by coagulation and flocculation [2]. 

Many factors can affect the performance and 

efficiency of water treatment, especially in the 

processing parameters is always fluctuating. 

For example, the decline turbidity parameters 

depend on the ability of combination treatment 

in coagulation, flocculation and sedimentation 

as well as the addition of coagulant [3]. 

Sedimentation tanks of various shapes and 

flow patterns are used for the separation of 

suspended solids in the treatment of water, 

sewage and industrial effluents. The principal 

configurations are rectangular tanks with flow 

from end to end. In spite of numerous studies 

carried out on model sedimentation tanks, 

there is still no agreed method by which results 

obtained on small models can be used to 

predict accurately the performance of full-scale 

tanks. The main reason for this is that it is 

impossible to apply the usual hydraulic scaling 

laws, based on Reynolds or Froude Numbers, 

simultaneously to the large-scale system of the 

tank, and to the very small-scale system of the 

settling particles. The disparity between these 

two systems is so great that devices such as the 

use of a different fluid, or particles of a 

different specific gravity, are impracticable. 

However, simple model tanks can be used to 

demonstrate qualitatively, and to some extent 

quantitatively, the effects of varied design 

(especially of inlets) on the hydraulic and 

sedimentation performance [3]. The Armfield 

Model Sedimentation Tank (Figure 1) in 

sanitary engineering lab in collage of 

engineering in Al Qadisiyah University in Iraq 

is designed to demonstrate these effects in 

order to deal with the problems of settling tank 
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design and operation. The experiments can be 

designed to analyze dispersion or flow-through 

patterns by the use of a tracer, or to study the 

removal of suspension (turbidity). 

The major of this work was to explore the use 

of a Model Sedimentation Tank to evaluate the 

efficiency of horizontal settling tank in the 

treatment of turbid surface water from a 

stream.  

The aim of this study is to show the use, 

benefits, applicability and main possibilities of 

The Armfield Model Sedimentation Tank in 

water treatment technology with focus on 

sedimentation tank. It is powerful tool, whose 

potential has been practically untapped by the 

water industry. As awareness of this grows 

there can be little doubt that we shall be seeing 

much more of The Armfield Model 

Sedimentation Tank in the future. The aim also 

is to validate the model of the existing 

sedimentation tank which situated at the Al-

Diwaniyah water treatment plants, and 

improve water quality, and to propose the 

retrofitted models to increase efficiency of the 

tank. 

 
Figure 1: The Armfield Model Sedimentation 

Tank 

Materials and Methods 

Model Sedimentation Tank unit has been 

designed to demonstrate the hydraulic 

characteristics and settling efficiencies of a 

model settling basin. Although scale-up to 

industrial size sedimentation tanks is difficult, 

deductions relating to that can be according to 

how non-uniform flows occur and how these 

interact with the settling characteristics of 

particular suspensions. In this study a 

laboratory model of the sedimentation basin 

Model Sedimentation Tank imported from 

Armfield English Firm have been used to hold 

on the process of water from Al-Diwaniyah 

River to improve turbidity removal. 

Raw water used in laboratory experiments 

bring from Al-Diwaniyah River near Water 

Treatment Plant (WATER PROJECT 6). It 

will conduct multiple experiments where 

change place and form of baffles at the 

entrance, middle and exit of sedimentation 

basins and which contribute to increasing the 

efficiency of deposition in addition to a change 

in the speed of water inside. Where 

Fluorescent dye has been added to show the 

behavior of sediment, suspended, dissolved 

and the hydraulic behavior of the 

sedimentation basin and then measure the 

efficiency of the sedimentation basins to 

increase the removal of turbidity. 

In this research the results of study can 

improve the efficiency of the stages of 

conventional treatment (sedimentation, 

filtration and disinfection) and the water 

quality of Al-Diwaniya water treatment plant 

(WATER PROJECT 6) in the city of Al-

Diwaniya (One of the largest cities of Al-

Qadisiyah governorate, Iraq. The number of 

beneficiaries from the station about 300 

thousand people . It is one of the biggest 

stations in the city. It was constructed in 1982 

.The design capacity of 6000 m³/h. The station 

supplied with water from the Al-Diwaniya 

River as shown in Figure 2. 

 
Figure 2: Location of Al-Diwaniyah Drinking 

Water Treatment Plant 

 

The tentative study is done at Sanitary 

Engineering Laboratory Public Works Civil 

Engineering Department at college of 

Engineering Al-Qadisiyah University Iraq.  

Chemicals and equipments used in this work 

are outlined as follows: 

Preparation of Alum Coagulant :   

Aluminum sulphate [Al2 (SO4)3.18H2O] used 

in this work was of industry grade. 1% 

solution concentration of alum was made by 

adding 1.0 g of alum in 100 mL distilled 

water. The alum was totally concentration in 

the water. A fresh solution was prepared daily 

[4].  

Sampling collection: 

The samples were collected for the 

examination of physical and chemical 

properties by the plastic cans (20 L). Samples 

were taken from the raw and treated water. The 

physical and chemical properties of the 

samples were conducted by the equipment 

available in the laboratories of Sanitary 

engineering lab in Collage of Engineering in 

Al-Qadisiyah University Al-Diwaniya /Iraq, as 

one sample every month. Turbidity was 
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measured using a device (MARTINI Turbidity 

Meter), while the pH has been measured using 

a device (Multi-Parameter PCS Tester Tm 3s). 

Figures (3-4) describe the variation of physical 

and chemical characteristics of the raw and 

treated water with time. 

 
Figure 3: Variation of Turbidity with Time 

(Month) 

 

 

Figure 4: Variation of pH with Time (Month) 
Jar Test:  

A Jar test apparatus type Lovibond and the 

river water samples (low, medium, and high 

turbidity from Al-Diwaniya River ) were used 

in this study to obtain the optimum coagulant 

dose for each experimental run. The turbidity 

for river water samples were 50, 100, and 500 

for low, medium and high turbidity, 

respectively. A six paddle standard jar test with 

variable rotational speed and six 1000 mm jars 

was used .Every jar loaded with 500 ml 

sample. The optimizations for alum were 

conducted using the jar test apparatus. The 

apparatus allowed six beakers to be agitated 

simultaneously. The beakers were filled with 

500 ml of synthetic turbid water and were 

agitated for 4 min at 100 rpm (rapid mix) and 

25 min at 40 rpm (slow mix). This was 

followed by 30 min of sedimentation.  After 

settling, 30 ml of the sample was taken from 

the middle of each beaker using a pipette and 

placed in small beaker for further analysis [4].  

Experimental Work: 

The sedimentation process takes place in a 

horizontal rectangular sedimentation tank 

(Armfield Model Sedimentation Tank height - 

1.55 m, width - 1.90 m, depth - 0.60 m). 

The effect of baffles on the performance of 

sedimentation tanks has been conducted. The 

performance of these tanks was directly 

investigated by the mean turbidity value 

measured from along the tank. The 

performance of sedimentation tanks is 

determined by outlet turbidity, which is the 

most important in determination of 

sedimentation tank performance. Finally, a 

best baffle configuration for a rectangular 

sedimentation tank was determined. In order to 

find the best baffle configuration, single baffle, 

with various heights and positions, were also 

investigated. The effects of baffles on velocity 

and turbidity concentration profiles along the 

tank were studied as well. 

Raw water is taken from the Al-Diwaniya 

River and it is made to flow to the settling tank 

by way of flow meter. Raw water known 

turbidity value and flow is fed to the tank 

uniformly under an inlet weir. For hydraulic 

tracer and visualization studies, an precise dye 

injection system is supplied. A known volume 

of dye solution is pumped just prior to the 

intake into the settling tank [5]. 

Profiling is executed so as to study the flow 

patterns and turbulence of water while being 

pumped into the sedimentation tank using a 

dye to trace the pattern. This test is important 

to determine the suitable conditions for the 

sedimentation process in terms of the solution 

flow rate. After adjusting experimental devices 

and installing measuring facilities, the 

experiments are performed. The experimental 

program is divided into three major phases. In 

the first phase, the sedimentation process is 

studied in cases without baffle. In the second 

phase, a baffle is placed at 6 cm from the inlet 

and experiments are performed using 11 cm 

and 14 cm baffle heights. In the third phase, a 

baffle is placed at 14.5 cm from the inlet and 

experiments are performed using 11, and 14 

cm baffle heights. 

To ensure the quality and accuracy of the 

achieved data, each experiment is repeated 

several times under identical conditions. The 

flow rate of water is started with 5 L/min and 

repeat the work with different flow rates of 8 

(L/min) and (12 L/min) at the same baffle 

specification.  

 

 Result and Discussion: 

Tracer test:  

After injecting the colouring with fluorescent, 

the veins in the tank may be observed. Figure 5 

described graphically the observed ways with 

various flow rates and baffles position. Every 

variation in the flow rates has, however, a 
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similar flow pattern, but velocity was 

fluctuating alongside the basin. 

Figure 5a, shows strong surface current 

without baffle in Armfield Model 

Sedimentation Tank , particles bring by the 

surface current will flow out of the tank 

directly without enough time for detention, the 

flow direction move downward after reach the 

outlet side wall, then the downward flow 

transfer into bottom current with direction 

opposite to the surface current, thus generate 

the re-circulating current, the surface current 

will leads to short detention time, while bottom 

current will disturb stability of sludge layer at 

the tank bottom. Re-circulating current leads to 

dead zone in sedimentation tanks, if dead zone 

occupy volume of the sedimentation tank, 

effective volume of sedimentation tank will 

decrease, thus reduce sedimentation volume 

for suspended solids, on the other hand, re-

circulating current cause mixing, strong mixing 

may bring bottom settled particles back to 

surface and disturb stability of fluid inside 

sedimentation tank, so one major goal for 

sedimentation tank design is reduce the re-

circulating current [2].  

Figure 5b, displayed the simulation result after 

installing a baffle with a 14.5 cm distance from 

the inlet and 14 cm height from bottom. The 

surface current seems to be improved with the 

baffle, although a new velocity zone appeared 

between baffle and outlet, the direct strong 

surface current still reduced dramatically, from 

Figure 5b, we could find the fluid move 

downward due to effect of baffle, a portion of 

fluid bypass the baffle and reach surface again, 

this is the reason for the velocity zone between 

baffle and outlet depicted in Figure 5b. It can 

be seen for this case, two recirculation zones 

exist. A small vortex in zone upstream and a 

large vortex in zone downstream were formed. 

Vortex zones decrease the effective size of the 

basins and the effective size for sedimentation 

process will be decreased and the suspended 

particles will not have sufficient space for 

deposition. Therefore, the increasing of the 

removal efficiency at basin with baffle at 6 cm 

from inlet and 14 cm height from bottom 

indicate that zones in this case are minimum. 

This means that decreasing the baffle 

installation distance from inlet from 14.5 to 6 

cm leads to decrease of the height and extent 

of the vortex zones after the baffle position. 

To avoid bypass flow around baffle, we ran the 

simulation with a 6 cm baffle rather than a 14.5 

cm baffle and the results are given in Figure 

5d, the velocity zone and bypass flow that 

appeared in Figure 5d have disappeared, means 

the fluid very close to “plug flow” situation. 

The lower rates of flow are always desirable; 

however, too low rates of flow ought to be 

avoided in settling tank.  

The experimental work shows a better 

sedimentation when baffle at 6 cm. This was 

concluded more efficient decrease in settling is 

seen at baffle at 6 cm than that at 14 cm height. 

 

Figure 5: Fluorescent dye test 

Turbidity Removal Efficiency: 

After obtaining the sedimentation behavior or 

characteristics of sediments and raw water, the 

optimum place of baffle which gave the 

minimum effluent turbidity i.e. maximum 

turbidity removal was determined for the 

various flow rates. The results are shown in 

Figures 6, and 7. As it can be seen that, the 

optimum place of baffle, which provided the 

highest turbidity removal with the optimized 

flow rate, is 6 cm from inlet with height 14 cm 

from bottom. 

Armfield Model Sedimentation Tank flow rate 

Runs were carried out at three different flow 

rates, with values of 5, 8, and 12 ml/min and 

graph was plotted between inlet turbidity (500 

NTU) versus outlet turbidity. The results are 

shown in Figures 8. The results show that the 

flow rate (8 ml/min) produced the best 

effluent. Operation of the system at the 

maximum flow-rate (12 ml/min) resulted in a 

decrease the turbidity removal efficiency as 

seen in escalation of the effluent turbidity. The 

effluent turbidity can be seen to rise and the 

observation of the dense sludge zone cloud 

confirms this suggestion. 

The results indicate that, the lab scale effluent 

turbidity (˂ 2.2 NTU) is way below the WHO 

drinking water standards (5 NTU). This shows 

that the sedimentation tank is feasible in pre-

treating water prior to filter and can be adapted 

and supported by contemporary scientific 

knowledge. Nevertheless, it should be noted 

that if the experimental results are somewhat 

representative of the potential operation of the 

system at full-scale, it may be suggested that 

the relatively low flow rates of the design does 

not allow for enough water to be treated per 

day. 
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Conclusion 

High turbidity water is a great challenge to 

water treatment works as it can be hard to 

remove. The pretreatment of high rate of 

turbidity water (>400 NTU) is a challenging 

issue that is touched upon in this study. A 

series of laboratory experiments are conducted 

to study the effect of height and position 

baffles on sedimentation tank performance. 

Results showed that turbidity removal is 

dependent on position and height the baffle 

and flow rate. As for the baffle spacing, a 

height of 14 cm from the bottom and 6 cm 

from inlet of the tank can be used for effective 

sedimentation. The highest turbidity removal 

efficiency with the optimized tank was 99.1% 

with the lowest at 95%. The results of the 

present show that sedimentation tank is 

feasible in pre-treating high turbid water for 

further treatment. The flow rate of 8 l/min was 

acceptable because it achieved lowest 

sedimentation turbidity. The quality of water 

treated using optimum position of baffle was 

well below the WHO guideline for drinking 

water of <5 NTU. 

 

 

Figure 6: Optimum baffles place with height 

11 cm to estimate effluent turbidity 

 

 

Figure 7: Optimum baffles place with height 

14 cm to estimate effluent turbidity 

 

 

Figure 8: Optimum baffles place with height 

14 cm to estimate effluent turbidity with 

different flow rate and initial turbidity 500 

NTU 
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