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Abstract. This paper presents the impact that small changes in the
hydraulic installation between the flocculation chamber and the
sedimentation tanks have on coagulation process effectiveness. This study
has shown significant improvements in the parameters of the treated water.
The research was conducted in two treatment systems: reference and test, in
order to compare the changes that were introduced in the time period
between January and May 2016. The hydraulic conditions between the
flocculation chamber and the sedimentation tank were changed in the test
system, leaving the reference system unchanged for comparative purposes.
The height-wise positioning of the sedimentation tank relative to the
flocculation chamber resulted in a formation of a cascade at the flocculation
chamber drain at a height of 0.60m. Air was therefore introduced into the
water, forming an air-water mixture, which disturbed the flow between the
devices. It was found that floc transported by the pipeline was broken down,
which hampered sedimentation in the sedimentation tank. This was
confirmed by the analysis of chosen parameters from treated water. After
changes in the hydraulic system, changes in water turbidity were noticed,
indicating an increase in post-coagulation suspension separation
effectiveness. Consequently, an increase in organic carbon removal was
found relative to the reference system. This change influenced changes in
UV254 absorbance to a much lesser extent.

1 Introduction
Coagulation is a process that has been commonly used for many years in water treatment
technology, especially for surface water. This process aims to effectively remove organic
substances [1,2], especially oxidation or disinfection by-product precursors (OBP/DPB) [3],
whose formation potential is related to UV absorbance at 254 nm (UV254) [4]. Due to the very
high variability in surface water content during the year, and the varying levels of
contamination dependent on source location, it is important to ensure maximum coagulation
effectiveness, which influences subsequent processes in the water treatment system and their
effectiveness. Optimization of the coagulation process is even more difficult due to the
presence of many types of coagulants on the market and the influence on many factors on
this process [5-7].
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Despite many studies worldwide concerning methods of conducting this process, its
effectiveness, and factors influencing organic substance removal, little attention is focused
on the influence of hydraulic conditions during water transport between the devices used for
coagulation and sedimentation processes.
In analyses, the impact of improper water transport and flow conditions from one
treatment point to another is not taken into account, and the possibility of breaking flow
continuity is not considered at all.
This work presents the effect of a design error in the hydraulic installation between the
flocculation chamber and the sedimentation tank on coagulation process effectiveness.
The hydraulic installation details are described in the article by Szerzyna et al [8].
Problem description
The existing water treatment system is of a conventional configuration:
coagulationsedimentation sand filters ozonation  carbon filters  disinfection.
During operation a low flocculation process effectiveness was found. Two possible causes
were identified:
 suboptimal operating settings of the slow mixing
 error in the water transportation system from floculation chamber sedimentation tank.
Changes in coagulant type and mixer operating parameters did not improve process
efficiency, and therefore a decision was made to change the hydraulic installation.

2 Hydraulic conditions of the water treatment system
Prior to change, water from the slow mixing chamber drained by a PVC pipe of a DN110
diameter, then straight down via a 0.7 m PVC DN110 pipe and a 0.7 PCV DN63 pipe, and
then via a PVC DN63 7.5m long pipeline into the sedimentation tank. The height-wise
positioning of the sedimentation tank relative to the flocculation chamber resulted in a
formation of a cascade at the flocculation chamber drain at a height of 0.60m (fig. 1).

Fig. 1. Schematic of test water treatment system before changes.

Air was therefore introduced into the water, forming an air-water mixture, which
disturbed the flow between the devices. It was found that floc transported by the pipeline was
broken down, which hampered sedimentation in the sedimentation tank. In order to increase
flocculation process effectiveness, it was decided to eliminate the cascade between the
floculation chamber and sedimentation tank. After analyzing the technical possibilities and
rejecting variants requiring changes in water levels in the floculation chamber, it was decided
to generate linear or local hydraulic loss head of 0.60 mH2O.
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2.1 Calculation assumptions - case studies
Calculation were conducted according to PN-76/M-34034.
Hydraulic losses are:
h = hl + hm
where: hl – a linear hydraulic loss head, m,
hm – a local hydraulic loss head, m.

(1)

(2)
(3)

 – a nondimensional coefficient of linear resistance,
 – a nondimensional coefficient of local resistance,
L – the length of a pipeline, m,

 – the average flow rate of liquid, m/s,
g – the acceleration of gravity, m/s2.
For this calculation the following assumptions were made:
– the average volume flow Qśr = 3.0 m3/h,
– the average flow rate of liquid  = 0.4 ÷ 0.6 m/s.
– generation of hydraulic loss head of 0.6 mH2O,
– avoidance of any sudden changes in cross-section, so that the transported liquid does
not undergo significant accelerations.


where:

2.2 Generation of local hydraulic loss head
The potential local hydraulic loss generators were taken to be a DN50 plug valve or a
DN50 butterfly valve. The generator location was taken to be in the PVC DN63x2.4 pipeline
between the floculation chamber and the sedimentation tank, after the existing cascade (fig.
2).

Fig. 2. Schematic with the local hydraulic loss generator placed in the system.

Based on equation (3), assuming a constant flow velocity in the installation, the required
local resistance coefficient value for a one-point generator was calculated to be  = 122,5.
This value of  could be obtained by restricting the plug valve by 55 0 or restricting the
butterfly valve by 600. However, such a large restriction would result in sudden local fluid
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acceleration, which would have an adverse impact on the floc-water mixture transported by
this pipeline. Furthermore there would be no guarantee of ensuring a constant volume flow.
2.3 Generation of linear hydraulic loss head
The linear hydraulic loss generator was taken to be an flexible PE hose coiled helically
around a vertical axis. The generator location was taken to be in the PVC DN63x2.4 pipeline
between the floculation chamber and the sedimentation tank, after the existing cascade (fig.
3). The hose diameter was calculated from the assumed range of velocities and average
volume flow rate.

𝑑𝑑𝑤𝑤 = √

4𝑄𝑄ś𝑟𝑟

(4)



The range of acceptable inside diameters dw of the hose was from 42.10 mm to 51.52 mm.
For further considerations it was assumed that d w = 50 mm (DN50).
According to studies by Weissbach, for flow in a circular arc, the local resistance
coefficient  is:
𝑑𝑑 3.5

 = [(0.131 + 0.163 (𝑅𝑅)



] ∙ 90𝑜𝑜

(5)

where: d – the inside diameter of a pipe, m,
R – radius of curvature, m,

– arc angle, 0.
Equation (5) does not take into account linear losses, which should be calculated
according to (2). Due to the use of a flexible hose, which when coiled was deformed due to
its own mass and the mass of water, an equivalent diameter was calculated according to (6):

dz =

4A
𝑈𝑈

(6)

where: dz – the equivalent diameter of a pipe, m,
A – the cross-section area of pipe, m2,
U – wetted diameter, m.

Fig. 3. Schematic with the linear hydraulic loss generator placed in the system .

Based on equation (6) the equivalent diameter of the pipeline was d z = 48.1mm. The
bending pitch diameter of the coiled hose was assumed to be 2R = 0.9m. After calculating
per (5) the local resistance coefficient caused by bending of pipeline, the local hydraulic loss
head for one coil was:
hm (for 360) = 5.6310-3 m.
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Value  – of a nondimensional coefficient of linear resistance calculated according to the
Colebrook – White formula (7):
2.51

k

 = [−2𝑙𝑙𝑙𝑙𝑙𝑙 (Re√ + 3.71d)]

−2

(7)

k – the absolute roughness of a pipeline, m,
Re – the Reynolds number.
Inserting values into the equation (7) gave the linear resistance coefficient value of  = 0.064.
The linear hydraulic loss head for one coil taking into account the equivalent diameter, the
coefficient  and a unit length of L=2.83m, amounted to:
hl (for L=2.83) = 40.4310-3 m.
Therefore the total hydraulic losses for a unit length h1 according to (1) amounted to:
h1 = hl (for L=2.83) +hm (for 360) = 40.4310-3 + 5.6310-3 =46.0610-3 m.
The required correction was obtained by the use of 13 coils with a coil diameter of D=1m.
The total length of DN50 flexible PE hose amounted to 36.9 m.
where:

3 Verification of improvements during flocculation
The change in water flow conditions from the flocculation chamber into the sedimentation
tank caused a decrease in turbulence, and therefore yielded better conditions for flocculation
and transport of flocs. Consequently, there was an almost 10% increase in organic carbon
removal effectiveness (fig. 4). This was likely connected with laminar floc flow and limiting
of floc break-up that occurred in the installation before the change.

Fig. 4. TOC removal effectiveness during coagulation and sedimentation processes
(test system - laboratory results).

The increase in effectiveness that was found was not accompanied by a decrease in source
water quality, which might have improved the effectiveness of the coagulation process.
However, no effect of installation change was found on UV 254 absorbance and water colour.
This is indicates removal of smaller organic substances which do not affect water colour.
The improvement in flocculation conditions contributed however to changes in turbidity
reduction effectiveness for water undergoing sedimentation and coagulation (fig. 5). In the
initial phase after changes in the hydraulic flow, the turbidity reduction effectiveness was
comparable to that found in the second (reference) water treatment system. After about 3
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weeks, the inner surfaces of the pipeline became covered with sludge/biofilm, which
contributed to increases in removing suspended particles after coagulation and sedimentation
processes. This condition continued for several months of operation, which may indicate a
permanent improvement in sedimentation conditions, and therefore an improvement in the
turbidity reduction effectiveness.
TS
RS

Fig. 5. Comparison of reduction in turbidity during coagulation and sedimentation processes
(TS-test system, RS-reference system).

The resulting improvement in water quality after coagulation and sedimentation is
connected with an increase in flocculation, which took place in the pipes connecting the
flocculation chamber with the sedimentation tank.

4 Conclusions
The incorporation of the linear hydraulic loss generator significantly improved water
quality after coagulation and sedimentation. Consequently, an increase in removing organic
carbon and a decrease in water turbidity was observed, reducing disinfectant usage.
However, this change had no impact on UV254 absorbance and water color.
This increase in organic substance removal effectiveness from water clearly shows that
the water treatment process is not only dependent on the performance of the individual
processes, but also the conditions in which the medium is transported between the individual
devices.
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