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Abstract

Sand filtration is an eco-friendly method to treat either drinking water or wastewater ; it
requires only natural granular media. It is also easy to use and to maintain; the only problem
they face is clogging that affects filter performance, that can be detected when head loss or
turbidity increase. The purpose of this work is to see what are the factors that influence the
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performance of filter operation, for this, we used a pilot consisting on a circular column filled
with sand (from South Algeria), where various parameters were tested; pressure, flow rate,
sand granulometry, suspended matters and particle concentration of the water which is
filtered. After eighteen weeks of operation, we have found that head loss increases by
decreasing granulometry and increasing flow rate, pressure, particle size, and concentration.
However, turbidity increases by decreasing particle size and increasing granulometry and
particle concentration. Turbidity and head loss have different behaviour towards the same
parameter; that is why it is necessary to take them into account in order to find a compromise
between acceptable head loss / turbidity for a good functioning of the filter.

Keywords: head loss, turbidity, filtration, sand, granulometry
1. Introduction

In the drinking water supply and wastewater, many pollutants are particles or are associated
with particles. Therefore, particle removal is one of the main goals of water treatment.

Sand filtration is the oldest way to treat drinking water and has become more popular for
domestic wastewater treatment because of its efficiency, ease of maintenance, and limited
energy costs. It requires a few technical components and usually no chemical products are
used. Filtration is a process of purifying water in which water passes through a porous sand
bed containing a biological film that traps and metabolizes organic compounds in water,
which is very effective on removing bacteria, organic matter, cysts, eggs, and viruses are
effectively removed from the filtered water (Aloo B.N. et al., 2014).

Suspended solids are physically removed by straining. The retained organic carbon pollutants
undergo hydrolysis and are biologically degraded under the aerobic reactions of heterotrophic
bacteria (Rodgers M. et al., 2005).

Filtration generally works until the head loss across the filter bed becomes excessive, or the
capacity of the bed to remove suspended solids at the desired effluent quality is impaired
(Tansel B. & Vilar F., 2005). That is engendered by the permeability reduction caused by the
particles deposition in porous media, and produces a clogging (Mays C.D. & Hunt J.R., 2005),
which can have an effect on the head loss as well as on the water turbidity variation at the
outlet of the filter.

Although the impact of media size on filter performance largely depends on the particle size
distribution and surface chemistry of particulate matter in source water (Ephrem G., 2015).
The aim is to see how the filter’s performance in terms of head loss and turbidity, is
influenced by the operating filter’s parameters.

2. Material and Method
2.1 Pilot Description

The filtration pilot TE 400 (figure 1) manufactured by DELTALAB, consists of a transparent,
cylindrical Policloreto de vinila (PVC) feed tank with a working capacity of 150 L with a
drain valve DN 10; a filtration column of altuglas with 100 mm internal diameter and 1000
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mm height and two brass support and stop grids with a mesh of 0.5 mm; two manual
adjustment valves, one for setting the input flow VR2 and one for setting the output or filtrate
flow rate. Both valves are DN 10; twelve piezometric multitubes for measuring the pressure
in the filter column at different heights, in altuglas, 8 mm diameter, 500 mm height; a float
flowmeter with a maximum flow rate of 200 L.h"! of the filtrate outlet of the transparent PVC
column DN 10; variable scale from 20 to 200 L.h™! with a £5% precision; a feed pump of the
suspension and four manual valves, VA1 for the manifold multi-manometer isolation, VA2
for the multi-gauge bicycle pump stop, VA3 for the backflow stop, VA4 for shutdown venting
and VD1 for top distribution of the filter; a manometer for measuring the pressure.

’ :
ek

Figure 1. Pilot TE400
2.2 Filter Media

The particle size analysis (granulometry) gives important information on the filter medium
used for this study. The particle size analysis was carried out according to Standard NF EN
933-1 (Afnor, 1997), which consists of passing a quantity of the sample through a succession
of sieves with decreasing diameters opening by applying vibrations. Two other parameters
were determined according to Liénard A. et al. (2001) such as volumic mass (p), and density

(d).

For our study, we used three different types of sand from south Algeria, their characteristics
are in table 1. The height of the sand bed is 50 cm for the three types of sand.
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Table 1. Caracteristics of the used sands

De (mm) Deo (Mm) Cu p (kg/m®) d
Sand N<1 0.73 1.4 1.91 2857.14 2.85
Sand N2 0.56 1.42 2.53 2564.1 2.56
Sand N<3 0.97 1.41 1.45 2777.77 2.77

De: Effective diameter, where 10% of the weight of sand is less than Dg
Dso: 60% of the weight of sand is less than Deo

Cu: Uniformity coefficient, calculated by the ratio Deo and De

2.3 Filtration Procedure

The filtration pilot is fed with a synthetic water from the tank (14) with a filtration rate of 30
L.h!, 50 L.h'!, 80 L.h!, 120 L.h'!, 150 L.h! corresponding to filtration velocities 3.82 m.h!,
6.36 m.h'!, 10.19 m.h!, 15.28 m.h!, and 19.1 m.h"! respectively. Those velocities show that
the filtration is categorized as rapid filtration because it is greater than 0.3 m/h (Campos, L.
C., etal., 2002)

To study the influence of the concentration and the type of suspended matters on the filtration,
six suspensions of synthetic water were prepared with tap water at the laboratory, e.g, three
bentonite samples and three lime samples with an increasing concentration of 0.1 g.L*!, 0.3
gL'and 0.5 gL

Two valves VA4 (3) and VA3 (8) position were tested to study the influence of pressure on
the filtration.; the first one, the two valves VA4 and VA3 open (VA40, VA30), and the
second one, the valve VA4 closed and VA3 open (VA4F, VA30).

For the water heights in the filtration column, it has been maintained at 35 cm above the filter
media. This water level is situated above the inlet of the pipe return feed tank which is
readjusted by the valve VA3 (maintained open in the whole experiment) and allows to excess
water to return to the feed tank, all with the aim of better managing the pressure at the filter
and not damaging the pilot.

The study was carried out during eighteen weeks, where the sand filter is fed for 5 hours a
day with a changing flow rate each hour. We worked five times a week, 5 days/7, and
therefore a daily volume of 150L which is the useful capacity of the feed tank. Filtration was
carried out for the three types of sand, the five flow rates, the six synthetic water samples, and
the two valve positions.

The filtration procedure is shown in table 2 for only sand N°1, which takes 6 weeks. The flow
rate was readjusted each hour, and the valves position was readjusted after one week and half.
The same procedure has been followed for sand N°2 and sand N°3.
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Table 2. Filtration procedure for sand N°1

Weeks 1 2 3 4 5 6
Sand Sand N°1
Suspended matter Bentonite Lime
Concentrationg.L* | 0.1 0.3 0.5 0.1 0.3 0.5
Flow 30, 50, 80, 120, 150 30, 50, 80, 120, 150
L.ht
Valves position P1 P1 P2 P2 P1 P1 P2 P2

P1:VA30, VA40 P2 : VA30O,VA4F
2.4 Filter Washing Procedure

The head losses are an important indicator of filter performance which determines the
operating time of a filter (Davies P.D., 2012), in our study we get interested in the variation of
the head losses and the turbidity at the filter outlet to start the washing by a backward flow
water injection.

2.5 Sampling and Analysis

Samples are taken from the feed tank (synthetic water) and at the filter outlet (after filtration)
for the three sand types with the five flow rates and the six different suspensions of synthetic
water to measure their turbidity using a HANNA HI 93703 turbidimeter.

Throughout the filtration, the head losses were measured by a reading on the twelve
piezometers, knowing that the piezometers give a minimum value of head loss of 30 cm and a
maximum value of head loss of -30 cm.

The samples, as well as the reading on the piezometers, were carried out after every 15
minutes, required time for the stabilization of the piezometric level and obtaining of
steady-state flow conditions.

Figure 2 presents a summary of the whole experiment, and how it has been carried out.
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( Pilot TE400 (Manufactured by DELTALAB) \

Tested Parameters
Suspended
Valves |—> Sand |—» Matter —> | Flow Rate | —» |Concentration
| | | | |

Two valves position| | Three types Two types of Five differents Two differents
were tested: of'sand were | | suspended flow rate were concentration

tested: matter were tested: were tested:
-VA4 and VA3 open tested:
(VA40.VA30) - Sand N°1 -30L.h! -0.1 gLt

- Sand N°2 - Bentonite -50L.ht -03gL!
-VA4 closed and - Sand N°3 - Lime -80L.h! -05gL!
VA3 open (VA4F, -120L.h!
VA30) -150L.h!

Y Y Y Y Y
- Filtration was carried out testing all the parameters according to their influence on head
loss and turbidity.

- Turbidity was measured for each tested parameter.

- Head loss was read on the piezometers for each tested parameter.

Figure 2. Summary of the steps followed in the experiment
3. Results and Discussion

3.1 Evolution of the Head Loss

The head losses are affected by the accumulation of solids in the filter bed during the
filtration, how the retention of these solids influence on the head losses is determined by the
media filter retention capacity as well as the particle size, and the biggest operational problem
is the clogging phenomenon due to surface deposition (Davies P.D., 2012). The determination
of the clogging time allows us to predict when the filter will no longer be useful because of
flow or efficiency reduction of the filter.

3.1.1 Influence of the Pressure

It has been found (figure 3) that for all the studied parameters, it is the position of the valves
VA30 (VA3 open) and VA40 (VA4 open), which gives the lowest head loss and VA30 (VA3
open) and VA4F (VA4 closed) gives the highest head loss. When the two valves VA3 and
VA4 are open there is a setting atmosphere (atmospheric pressure) however when one of the
two valves is closed the pressure within the column is greater than the atmospheric pressure
which increases the head losses, therefore, at higher pressures, clogging occurs more rapidly
(Wyss et al., 2006). Particle transport on the media surface is driven by inertial forces,
Brownian motion, sedimentation, and interception (Georgieva K. et al., 2010).
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Figure 3. Evolution of the head loss according to the positions of the valves for the sand N°1
with a flow rate of 30 L.h!, and a bentonite concentration of 0.1 g.L"!

3.1.2. Influence of the Flow

For the flow, it has been found that by maintaining the position of the valves VA30 and VA40
(figure 4), the lowest head losses flow rate is 30 L.h"!, because when the flow increases, a large
quantity of solids penetrates the filter per unit of time (Davies P.D, 2012), if the pressure
increases, the pores clog more quickly just because of the number of particles that pass through
the pores before clogging that become significantly faster (Wyss H.M. et al., 2006).

It has also been reported by Sendekie Z. & Bacchin P. (2016) that the clogging process could
also be delayed as the flow increases and that the increase in hydrodynamic force overcomes
the repulsive forces for particle deposition and simultaneously breaks the inter-particulate
links and the wall particle.

Head loss {cm)

Piezometers

—+—301/h —m—50I/h 801/h ===—1201/h =—=1501/h

Figure 4. Evolution of the head loss according to the flows for the sand N°1 with a
bentonite concentration of 0.1 g.L™!
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3.1.3 Influence of Suspended Matters

As for the suspended matters, it has been found that for a flow rate of 30 L.h"!, the bentonite
gives the lowest head loss (figure 5). This fact is because the bentonite is finer than the lime,
which generates a smaller clogging compared to that of lime. The progressive clogging of the
interstices of the material leads to an increase in the head loss; the quality water treated has
an impact on the level of fouling (Touila Y. et al., 2014). However, another study by
Veerapaneni S. & Wiesner M., (1997), states that for small particles, its transport has a
relatively greater diffusive component resulting in more porous deposits and that for large
particles, the trajectory is more ballistic, and the formed deposits are more compact of all. As
a result, for the same mass of deposited particles, deposits formed at lower fluid velocities
occupy more porous space in the filter bed, resulting in greater drag loss of the fluid, resulting
in the greater head loss.

2 —

0

'
R}
|

Head loss (cm)
ca [} F=Y

-10 4

_12 -

14 !

Piezometers

=—f—Bentonite =——fl—Lime

Figure 5. Evolution of the head loss according to the suspended matters for the sand
N°1 with a flow rate of 30 L.h™' and a bentonite/lime concentration of 0.1 g.L"!

3.1.4 Influence of the Concentration of Suspended Matters

It was also found that with a flow rate of 30 L.h"!, the three types of sand give the lowest head
loss for a concentration (lime/bentonite) of 0.1 g.L™! (figure 6) because the more the solution
is concentrated, the more the particles accumulation on the filter layer is important. After a
while, the porosity decreases with time and therefore an increase in the filter fouling, which
may result from a mechanical clogging due to the settlement of the filter support and thus the
reorganization of the solid skeleton of the filter layer which increases the head losses, the rate
of accumulation of head loss in a filter strongly depends on the size of the particles in
suspension and the size of the granular media (Boller M.A. & Kavanaugh M.C., 1995 ; Touila
Y. et al., 2014).
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Figure 6. Evolution of the head loss according to the concentration of bentonite for the
sand N°1 with a flow rate of 30 L.h!

3.1.5 Influence of the Sand Granulometry

It was also found that for high flow rates (120 L.h' and 150 L.h™") the head losses were so
great that they could not be measured by the twelve piezometers (> -30 cm), but also that for
the three types of sand the flow rate of 150 L.h"! could not be reached even after a total
opening of the valve VRI, for a concentration of bentonite and lime of 0.5 g.L™!. What is
explained by the trapping of suspended particles, which results in the reduction of the pore
size, and consequently, the flow velocity decreases with the increase of the clogging level
(Guofen H. et al., 2017). Therefore each blockage causes a small reduction in the
permeability of the filter. Thus the clogging threshold is reached when the permeability
disappears, and therefore the head loss across the filter increases, and, beyond a certain point,
maintaining the flow becomes so difficult that the filter cycle is interrupted (Verma S. et al.,
2017).

Regarding the influence of the particle size of the three types of sand, it was found that the
sand N°3 gives the lowest head loss then comes the sand N°1 and finally the sand N°2 (figure
7), it is explained by their granulometry, the fact that the sand N°3 has the greatest that results
in bigger grain size and thus a greater hole or porosity thereby a slower clogging. In contrast
Boller M.A & Kavanaugh M.C., (1995) found that filtration media having a high porosity
give low initial head losses during filtration. However, it appears that the head losses increase
due to the low deposit density.
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Figure 7. Evolution of the head loss according to the sand granulometry with a flow rate
of 30 L.h'! and a concentration of bentonite of 0.1 g.L"!

3.2 Evolution of Turbidity

The mechanism of purification, particles and organic pollutants removal and the reduction of
turbidity are supposed to be through the surface deformation, and, it depends on the type of
filter such as ; the height of the filter, the type and the particle size of the sand which
influence the removal rate of the pollutants (Zaidun N.A., 2011).

The sand filter removal process consists of three steps; e.g. phase 1 characterized by the
passage of particles through the filter, however, bridges can form a blockage of particles, at
the end of this phase there is a rapid reduction of the effluent color with time reaching a low
value, phase 2 which gives satisfactory quality to the effluent, and phase 3 the breakthrough
stage (Eker O.F. et al., 2015)

3.2.1 Influence of Suspended Matters Concentration

It has been found that there is a reduction in turbidity for the three types of sands (figure 8).
The decrease in color is most probably due to the total disappearance of the biodegradable
and non-biodegradable organic matter, the colloidal matter, and the suspended matters (Ben
Abbou M. & El Haji M., 2014). This reduction occurs when the water passes through the
Schmutzdecke, whose main process is the mechanical deformation of most of the suspended
matter in a thin and dense layer in which the pores can be much smaller than one micron the
suspend matters are retained by the filter (Linlin W. et al., 2011 ; Zaidun N.A., 2011).

But it has also been found that more the flow rate increases, the turbidity increases, because
of the flux mass particle which can not overcome the particle/pore surface force and therefore
the particles can not be deposited, this is referring to the critical density flux, and when the
flow is strong, it is difficult for the particles to accumulate. Thus the particles are dragged
towards the exit of the filter (Brans G. et al., 2007). It can be expected that the deposit
withstands shear stresses only below a given limit ; otherwise, it not adhere to the grains.
There is also probably another upper limit above which existing deposits are washed away.
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It has also been found that when the concentration of suspended matters (bentonite / lime)
increases. There is also an increase in turbidity, the concentration of 0.1 g.L! gives the lowest
turbidity, and 0.5 g.L'! gives the greatest, because as the particles accumulate and more the
water is concentrated the deposit causes the pore narrowing between the sand grains (Zahrim
A.Y & Hilal N., 2013), the flow path becomes narrower which significantly increases the
shear rate, as a result, the particles are smashed and swept. Thus the greater the shear rate
increases ; as well as the local velocity, the constraint applied to the particles becomes bigger,
and it is more difficult to accumulate the particles that come off easily (Youngseok K. et al.,
2017).

250 +

200 +

150 -

100 -

Head loss {cm)

wu
(e}
1

0 30 50 80 120 150

Piezometers

—4—C=0,1g/| =—@=C=03g/l C=0,5g/l

Figure 8. Evolution of turbidity according to the bentonite concentration for the sand
N°1 with a flow rate of 30 L.h!

3.2.2 Influence of the Granulometry

For each of the three types of sand the turbidity values change for the same concentration of
lime and bentonite and the same flow (figure 9). The sand N°2 gives the lowest turbidity then
comes the sand N°I and finally the Sand N°3. The lowest recorded values were 2.56, 4.06
and 8.66 NTU respectively for a flow rate of 30 L.h™' and a lime concentration of 0.1 g.L"! for
initial turbidity of 115 NTU and the maximum values recorded were 81.1, 95.65 and 117.48
NTU respectively for a flow rate of 150 L.h™' and a bentonite concentration of 0.5 g.L™! for
initial turbidity of 220 NTU.

Sand N°2 gives the best results because it has the smallest grain size, because the smaller the
grain size, the smaller the pore size, and the pore size distribution is also related to the grain
size distribution (Chang J.S. et al., 2008), which allows it better retention of the particles thus
a good turbidity reduction of the water, then comes the sand N°1 and the sand N°3 with
greater granulometry.
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Figure 9. Evolution of turbidity according to the sand granulometry for a bentonite
concentration of 0.1 g.L"! with a flow rate of 30 L.h"!

3.2.3 Influence of Suspended Matters

It has been observed that for the same concentrations (lime/bentonite), the lime sample gives
higher turbidity than that of the bentonite, but on the other hand, after filtration, lower
turbidity is obtained for the lime sample (figure 10). This fact occurs because the bentonite is
smaller than lime. Larger particles are easier to deposit in the pores, decreasing permeability
and shrinking the porous channel. Meanwhile, finer particles can lead to less severe blocking
than coarser particles, and subsequently cause a higher concentration in the outlet
(Quansheng L. et al., 2015) and thus higher turbidity. As a result, as the particle size increases,
it is more difficult to detach the particles once they are attached to the surface of the filter

grain.
200 -
180 -
160 -
140 -
120 -
100 -
80 -
60 |
40 -
20 -

0

Head loss (cm)

o] 30 50 80 120 150

Piezometers

—f—Bentonite —l—Lime

Figure 10. Evolution of turbidity according to the type of suspended matters for the sand N°1
with a flow rate of 30 L.h"! and a bentonite/lime concentration of 0.1 g.L™!
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4. Conclusion

Several factors influence the head loss. It was found that when the pressure exerted on the
filter increases and the flow increases, the clogging occurs more quickly due to a large
number of solids entering the filter.

The size of the particles contained in the water and its concentration influence the head losses.
We have seen it when using two different types of suspended matters of different sizes with
increasing concentrations, it was found that as the size of the particles as well as the
concentration increases the head losses increase, this is due to the retention of the coarse
particles within the filter medium and the higher the concentration, the more particles are
retained.

The particle size of the filter medium is also a parameter which has a great influence on the
head losses, after having tested three types of sand of different particle sizes, it has been
found that when the granulometry is small, this results in more or less weak grain size and
therefore a hole or porosity less important which generates a fast clogging.

Several parameters also influence. There is a reduction in turbidity by sand filtration ;
however, when the flow increases, the turbidity also increases, because it is difficult for the
particles to accumulate due to the particle, pore surface force, so that the particles have been
dragged to the filter outlet.

It has been found that when two different types of suspended matter with different
concentrations, an increase in turbidity are observed for the thinnest suspended matters
because it leads to less serious blocking than the coarser particles, and generates a higher
concentration at the outlet. For high concentrations of suspended matter, we have noticed that
as the particles accumulate, the flow path becomes narrower, which increases the shear rate ;
as a result, the particles are broken and swept toward the filter output, and therefore the
turbidity increases.

Regarding the influence of particle size on turbidity, the smaller the grains, the smaller the
pore openings, which allows better retention of particles, so a good turbidity reduction of the
water.

This work allows us to highlight both the importance and the complexity of several factors
influencing the head losses as well as the turbidity. This complexity is expressed by the fact
that only a few parameters can be controlled, such as granulometry and filtration rate.
However, the particle size and the concentration of water at the filter inlet can be controlled.

These parameters must be taken into account when designing a filtration system on filter
media for its proper functioning and longevity.
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