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1. Introduction

The activated sludge technique is one of the most commonly used processes in municipal wastewater treatment
plants, and a secondary sedimentation basin is one of the main units of the processes. Most of the clarifier and
wastewater treatment plants are designed according to average daily flow, and they represent a low-cost system for
wastewater treatment, but they need large areas and are not able to remove all small particles. Whenever waste
treatment plants receive high amounts of wastewater flow, conventional sedimentation basins are facing overloading
problems which result in poor performance [1].

This study was conducted to examine the possibility of applying inclined tube settlers in secondary
sedimentation basin.

2. Methodology
2.1. Pilot plants

Experiments have been carried out at a wastewater treatment plant with activated sludge system using pilot-plant
inclined tube settler. The pilot plant, the main body of the settlers, made of a polyvinyl chloride (PVC) which has an
inner diameter of 5cm with an angle of 45 degrees related to horizontal, was installed at the Ekbatan wastewater
treatment plant close to the aeration basin. Tube length was 60 cm (fig. 1). A submersible pump was used to deliver
the influent from the activated sludge aeration basin to the pilot plant. The effluent of the pilot plant and the settled
sludge were diverted to the inlet of the aeration basin. It was possible to sample from the effluent of pilot plant.

T -

5

Fig. 1. Experimental set-up for inclined tube settler: (1) Aeration basin, (2) Manual value to control feed to inclined tube settlers,
(3) Pilot plant, (4) Valve to remove settled sludge, (5) Return sludge line into aeration basin.
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2.2. Study sit

The Ekbatan wastewater treatment plant (EWTP), which is located in the west of the capital of Iran, Tehran, is a
600 m*h conventional activated sludge treatment plant with the A,O system. The EWTP has two aeration basins (15
hour detention times, 8930 m*® volumes) and two circular sedimentation basins (36.6 diameters, 6-8 hour detention
times). In design flow, surface loading is 0.57 m/h and weir loading rate is 5.22 m*/m.h.

3. Results and discussion

The pilot plants were operated at different flow rates to determine the effect of the various hydraulic residence
time (HRT) of 5, 10, 15, 20 min in the tubes and the SLR on the performance of the inclined tube settlers. The
samples were collected in different operation periods. The effluent samples were analyzed according to procedures
outlined in "Standard Methods for the Examination of Water and Wastewater to determine MLSS of the aeration
basin. For monitoring of turbidity and TSS of the wastewater of the pilot plant were applied a standard turbidity
meter (HACH-2100P) and spectrophotometer (HACH DR-5000), respectively, and subsequently the results were
compared with the consequence of the Ekbatan sedimentation basin effluent (number 2), simultaneously.

The results of the experiments have been shown in figs. 2-4. Fig. 2 shows the relationship between SLR and the
average TSS removal efficiencies. As shown in Fig. 2, when SLR increases, the TSS removal efficiency decrease.
Indeed, the small particles can be settled with decreasing of SLR and efficiency can be decreased. This result has a
good agreement with the results of some researchers such as Saleh and Hamoda [2] and Jimenez and et al. [3].
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Fig. 2. The relationship between surface loading rate and TSS

Fig. 3 illustrates the relationship between hydraulic residence time in the tubes and the average effluent turbidity.
The figure demonstrates that while HRT increases, the average effluent turbidity decreases. After 20 minutes in the
tubes there is no significant difference in the effluents, and the curves tend to be flattened out as HRT is increased.
Therefore, it seems that HRT of 20 min in the tubes is adequate for settling in the tube settler pilot plant. The
average TSS removal efficiency of 20 minutes in the tubes and of the Ekbatan conventional sedimentation basin
were 97.6% and 98.2%, respectively in MLSS of 1402.5 (mg/l).
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Fig. 3. The relationship between hydraulic residence time in the tubes and the average effluent turbidity

Fig. 4 shows the relationship between the average effluent turbidity and the Reynolds number. As shown in Fig.
4, while the Reynolds number increases, the average effluent turbidity increases. In fact, when the Reynolds number
becomes greater, the flow in the tubes becomes more turbulent and this leads to less particle settling or washing the
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smaller particles to output. The relationship between the average effluent turbidity and the Reynolds number could
be explained by Eq. (1).
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Fig. 4. The relationship between the Reynolds number and the average effluent turbidity

4. Conclusions

This study showed that the tube settler was effective in shorter residence time than conventional sedimentation
basin of the wastewater treatment plant, and its effluent was with in Iran's accepted limit for discharge to surface
waters. After 20 minutes in the tubes, there is no significant difference in the effluents. Therefore, the HRT of 20
min in the tubes is adequate for settling in the tube settler pilot plant. The average TSS removal efficiency of 20
minutes in the tubes and of the Ekbatan conventional sedimentation basin were 97.6% and 98.2%, respectively in
MLSS of 1402.5 (mg/l). Theoretical analyses and experiments in the pilot study had a good agreement. As well as
no clogging due to accumulation of solids was observed. In general, tube settlers may be used to reduce required
areas and to minimize the pollutions in emergency conditions, such as unsuitable weather conditions, power outages
or shortages, and breakdown of mechanical equipment. Also, it may be used instead of secondary conventional
sedimentation basin.
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