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ABSTRACT

Most drinking water treatment plants in Mosul city depend on
conventional sedimentation systems. These systems may be inefficient
in dealing with low-turbidity raw water coming from Mosul Dam
Lake. This low turbidity results from suspended fine particles which
are difficult to remove and requires advanced sedimentation
techniques efficient in removing these particles like lamella plates and
tube settlers.

The current research aims to evaluate the efficiency of tube
settlers in removing low turbidity of Tigris River water in Mosul city,
then comparing the results with the conventional settler. Laboratory
model for tube settler is designed and manufactured for conducting the
experiments. The model consists of a coagulation and flocculation
basin containing a mixer. This basin is connected with water fixing
level basin which is used to obtain a uniform flow in the model. This
basin is followed by another one which is called pre-tube settler basin.
After that came the tube settler unit. It consists from 4 tubes of square
section and 4 x 4 cm” in dimension. The tubes are made of transparent
plastic and manufactured at five levels of inclination angle: 30, 40, 50,
60 and 70 degrees. These tubes are manufactured at 40 cm in length
and their length can be increased by connecting additional pieces with
a length of 20 cm to obtain the studied length levels: 60, 80, 100 and
120 cm.

Alum is added as a coagulant with six levels at 0, 5, 10, 15, 20
and 25mg/L. Water samples are collected at the end of the tube settler

after treatment for measurement purposes.
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At the same time, another model was designed and manufactured
for conventional settler from glass for making experiments parallel to
the tube settler and compare the results between them.

The raw water used in experiments was taken from Tigris River
directly by a pump connected to the intake basin of the Old Left-Side
Water Treatment Plant in Mosul city. The initial turbidity of raw water
ranged from 20-29 NTU during the study period.

Experiments design include fixing inclination angle at 30° and
the alum dose at 0 mg/L with tube length starting at 40 cm, and
increased by 20 cm till 120 cm. After finalizing of tube length levels,
the alum dose is increased to the second level of 5 mg/L, after the
completion of the added alum dose levels, the inclination angle of the
tubes will be changed to the next angle level of 40° and all previous
steps are repeated until all inclination angle levels are completed. The
number of experiments conducted reached 150. Turbidity removal
percent was used as an indicator of tube settler efficiency.

Data were statistically analyzed. The results of analysis of
variance showed that the tube length, alum dose and inclination angle
have significant effect on the turbidity removal percent (p<0.001).
Additionally, the interaction among the independent variables is all
significant (p<0.001).

The highest turbidity removal percent reached 80.53% with an
effluent turbidity of 5.1 NTU at 120 cm length,15 mg/L alum dose
and 60° inclination angle at the first statistically level according to
Duncan test. On the other hand, the lowest results were obtained at 40
cm tube length, 0 mg/L alum dose and a 30° inclination angle. While
the highest turbidity removal percent in the conventional settler
reached 50% at an alum dose of 20 mg/L and at the 19" statistically

level according to Duncan test.
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The results showed an increase in turbidity removal percent with
increasing the tube length at all levels of the inclination angle and
alum dose. The best results were obtained at tube length of 120cm. It
was noted that the turbidity removal percent increased with increasing
alum dose till the optimal alum dose was reached 15 mg/L and then
the removal percent decreased for all levels of tube length and
inclination angle. Furthermore, two peaks appeared in the relationship
between turbidity removal percent and inclination angle. These peaks
occurred at 40 and 60 degree with more predominance for 60 degree
inclination angle. Tube settler efficiency surpass the conventional
settler when the tube length exceeds 80 cm without addition of alum.
This tube length decreased to 60 cm with the increase of alum dose to
15 mg/L.

The tube settler exceeds the conventional one by 20-30% in
removing percent of low turbidity within the range of 20-29 NTU of
the Tigris River water. The tube settler length has the highest effect on
the tube settler efficiency followed by alum dose, while the inclination
angle has the lowest effect on the tube settler efficiency.

Additionally, the short detention time of tube settlers compared
with the conventional one can be utilized to increase the production of
the plant. This can be achieved by installing modular tube settler units
in the sedimentation tanks of the old water treatment plants.

The study recommends making a pilot plant for the tube settler in
the Old Left-Side Water Treatment Plant in Mosul city to select the
best combination of variables. Also, it recommends studying the effect
of the surface loading rate, cross sectional area of tube settler and

using coagulant aid with alum on the turbidity removal percent.
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