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Abstract - Treatment with a combined system of downflow
and up-flow filters is a straightforward raw water
treatment system. Filtration technology with flow direction
Jrom top to bottom (downflow) and from bottom to top
(upflow) is widely applied in small-scale communities, but
this method could be developed further. When clogging
occurs, it is necessary to wash the media manually. This
study analyzes the effect of filters on raw water treatment
and analyzes the effectiveness of the turbidity level of raw
water treatment with a combination of downflow and
upflow sysxema/r' th beach sand filter media with varying
thicknesses of 10 em, 20 cm and 30 cm, and a combined
filter media of beach sand and zeolite with a thickness of
20 cm. The results showed that turbidity was reduced
significantly with a combination of downflow and upflow
filter system. It also more efficient in the use of filter media
thickness, with a low filter media thickness, it could
remove 78% to 99% turbidity. This indicates that the
downflow and upflow filter combination system can
eliminate turbidity with low filter media

Keywords — downflow upfow, discharge, speed,
filtration, efficiency
LINTRODUCTION

Raw water is the beginning of am)cess in the provision
and treatment of clean water. Based on Government
Regulation of the Rel:mic of Indonesia No. 16 of 2005,
that what is meant by raw water is water originating from
surface water sources, groundwater basins, and or
rainwater that meets specific quality ffhdards as raw
water for clean water [1]. One source of raw water that is
still widely used by the community is river water, but not
all of them meet health requirements. Factors that can
affect the low quality of river water is including season,
construction, type and slope of the soil, distance from the
source of pollution, and the behavior of living things
ilmad it [2]. One of the water treatment techniques that
are very suitable to meet the need for clean water in small-
scale communities or household scales is the filtration
system [3.4]. Filtration technology that is widely applied in
Indonesia is usually conventional filtration with the flow

direction from top to bottom (downflow) and from bottom
to top (upflow) [5].

The part that plays an eSSCInll role in filtering is the
filter media. This is because the thickness of the filter
media affects the filtration dischzl filtration speed, and
the final result of filtration [6-7]. This study aims to find
the design of the raw water treatment model using a
combination of dnnﬂ()w filter system and Up-flow
system with varied thickness of the filter media so that the
speed and the turbidity of raw water could meet the
requirements [8].

IL LITERATURE STUDY

Filtration is a process of separfng solids from fluids
(liquids or gases) that carry them using a porous medium
or porous material to remove as much of the suspended
and fine colloidal solids as possible [4].

Based on the direction of flow, filtration is divided into:

o Downflow filtration

o Up-flow filtration

o Up-flow - downflow filtration
e Horizontal flow filtration

A. Downflow Filtration System

A Downflow filtration system 1s a filter systcwhcre
raw waler is distributed into the filtering device with the
direction of water flow from top to bottom [5]. In general,
the water treatment process with a downflow flration
system consists of a processing unit, namely a water
reservoir. The water treatment unit with a sl downflow
sand filter is a package where the treatment capacity can
be designed with various sizes according to {8 required
needs. Usually, this filter only consists of a tub to hold
water and sand filter media. This body is equipped with a
bottom-line system, inlet, outlet, and control equipment.
The inlet structure is made in such a way that water enters
the filter and does not damage or agitate the top surface of
the gravel media. Meanwhile, the outlet structure is used to
remove processed water functions as a weir to control
the water level above the layer.

I This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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B. Upflow Filtration System

The upflow filtration system is a liquid waste treatment
system which basically flows liquid waste through a filter
media, with the flow direction from below the sand media
to the top of the sand media, so that the filtering results are
above the raw waste. Filtration with an upflow system is
seen as more effective in minimizing deadlocks in the
media due to the high turbidity of the raw waste. In
addition, with a system like this, it will be easier to wash
the media, which 1s enough to open the drain valve, which
will flow cleaner processed products [5].

C. Filter Media and Media Distribution

The filter pill'n'lill plays an essential role in filtering is
the filter media. Filter media is a granular material that has
pores. Filter media can be composed of natural silica sand,
anthracite, or garnet sand [6]. These media generally vary
in size, shape, and chemical composition. The selection of
filter media to be used is done by sieve analysis. The sieve
results of a filter media are depicted in the distribution
accumulation curve. To find the effective size and the
desired media uniformity expressed as uniformity
coefficient [10-11].

D. Filtration Hydraulics

In principle, the resistance or friction of a flow in an
analog grained/porous media (sand filter) with a large
number of small pipe flows. The pressure loss in the pipe
due to flow friction follows the Darcy-Weisbach equation
below [12]

N f.LVE
"7 D.2g

I3

(1

From Darcy Weisbach's formula f* = % f, the Carman —

Kozeny equation was obtained [13]

L 1—g\ V2
hf:’=:>f :’E(T)? 2)
The f"Value is a function of Ngg
= 150(1 - E) +175 (3)
NRE

The Reynold Number NRE is a function of diameter and
flow velocity derived by the formula [14].

CpdV, ypdl

ke =", ’ 4
With -
h = pressure loss due to friction (m)
f = Coefficient of roughness
L = media thickness or depth (m)

AY = flow speed (m/second)
Dc = Pipe’s diameter (m)

P = Specific Gravity

U = Dynamic Viscosity

v = Kinematic Viscosity

In addition to the Carman — Kozeny equation, there is
an empirical equation to calculate the pressure loss when
the filter is clean, namely the Rose equation (Rich, 1974)
as follows

Cp. L. V2
P.d.et g

Turbidity reduction efficiency can be calculated using
the following formula [15].

hy = 1,067 (5)

Kin = Koue

X 100% (6)
With :
RTurbidity = Turbidity efficiency (%)
Kin = Turbidity before filtering (NTU)
Kouw = Turbidity after filtering (NTU).

HI. METHODOLOGY

A. Type of Research

(@ The rescarch used is experimental laboratory research.
To obtain research data, the source of data used comes
from primary data, namely data obtained directly from
physical model simulations i the laboratory and
secondary data obtained from the literature on existing
research results, both carried out in the laboratory.

B. Research Parameters

The media used in this study are beach sand filter media
with a thickness of 10 ¢m., 20 cm, and 30 ¢m and a
ambined filter media (beach sand and zeolite) with a
thickness of 10 cm, 20 c¢m, and 30 cm, zeolite thickness is
20 c¢m and fibers is 3 ¢m. This combined media was
installed in stages on both the downflow system and the
upflow system. The tools used are two units of acrylic
filtration reactor m()—del;lde with a laboratory-scale of 1:
1 in a rectangular cube with dimensions of 50 ¢cm long, 50
cm wide and 150 cm high. The first reactor is used for
downflow system filtration and the second is used for
upflow system filtration [combing. A channel was made
between down flow and up flow with dimensions of 200
cna)ng,]() cm wide, and height of 10 cm.

The raw water used is ground well water at the Gowa
campus, clouded with a low concentration of 50 NTU, a
medium  concentration of 200 NTU, and a high
concentration of 1000 NTU, which was tested using a
Turbidity Meter.
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Fig 1. Downflow and upflow Combined Filtration System

Data were collected by observing the time of filtration
and sampling (inlet and outlet). Sampling for outlets is
carried out at intervals of 5 minutes until the 30th minute
of processing, and the sample is tested using a Turbidity
meter to check the level of turbidity contained in the
sample.

IV.RESULTS AND DISCUSSION
Parameters to describe the downflow and upflow filter
combination system are filter media thickness (D), raw
water concentration, grain diameter of filter media (beach
sand and zeolite), filtration discharge (Qow), filtration
speed (Vou), loss of energy (hl), hydraulic gradient and
turbidity

A. Characteristics of Filtration Media

After sieving for beach qda the value of Es= D10 =
0,25 (Requirement stated in SNI 03-3981-2008 is 0.2 —
0.4 mm) and Cu = D10/D60 = 2 (Requirement stated in
SNI 03-3981-2008 is 2- 3 )[2], As for the zeolite media
used as a buffer medium, the diameter is 19,1 mm
(Requirement stated in SNI 03-392“2008 is 10- 30
mm)[2]. The test results showed that the specific gravity
of beach sand (Gs) is 2,600, and the specific gravity of
zeolite ,674. In addition to the filter analysis and the
density of the filter media, the porositffhf the beach sand
is 043, and zeolite porosity is 041. so that beach sand
andffleolite meet the requirements and are suitable for use
as filter media in water treatment according to SNI
standards.

B. Effect of Media Thickness on Discharge and
Filtration Speed in Downflow — Upflow Combined
Systems

The research was conducted by testing the effect of
varied media thickness on the discharge and filtration
speed. The filtration system uses a downflow up-flow
filter combination system. The filtration media used are
beach sand ﬁllra()n media with three thickness
variations, namely 10 em, 20 cm, and 30 cm.

And a combined filtration media between beach sand,
zeolite, and palm fiber with a thickness of zeolite 20 cm
and palm fiber 3 cm. three variations of raw water
concentration, namely low concentration (50 NTU),
medium concentration (200 NTU), and high concentration
(1000 NTU). The incoming discharge is 0597
liters/second or 597 em’/second. Every 5 minutes, the
discharge is measured. This research lasts for 30 minutes.
The results of the measurement and calculation of the
discharge can be observed in Figure 2.
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Fig 2. The relation between the thickness of the
beach sand media to the discharge in the downflow
upflow filter combination system
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Fig 3. The relation between the thickness of the
beach sand media and the combined filter media to
the discharge in the downflow upflow filter
combination system
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Figure 2 shows the relationship between the thickness
of the beach sand filter media and the combined media to
the discharge discharge (filtration discharge, Q..) by
using a combination of Ufw and downflow filters
system. Downflow systcn'gw direction from top to
bottom and upflow system flow direction from bottom to
top.

In the beach sand filter media (a) from three variations
of thickness and three variations of raw water
concentration, it can be seen that the filtration discharge
(Quur) at a thickness of 10 ¢m with a low concentration
(50NTU) the filtration discharge is greater than the
thickness variation and other concentration variations in
the downflow upflow filter combination system, which is
373.39 cm¥/second in the downflow system and 28943
cm’/second in the combination system, this is because the
low thickness factor (10 cm) and low concentration
(50NTU) causes the filter media pore space to fill faster
and fewer particles stick to the filter media, so that the
filtration discharge (Q...) becomes greater.

Filtration discharge ratio (Qu.) by 62.54% in the
downflow system and 35.36% in the combination system.
The relationship between thickness and filtration
discharge (Q...) tends to be a straight line equation in the
downflow system of filtration discharge equation y = -
47.613x + 426.87 in the combined system of filtration
discharge equations y = -43.967x +248.35.

While in the combined filter media (b) the filtration
discharge debit (Q..) smaller than the beach sand filter
media, in the downflow filtration discharge system (Q.ur)
is 345,83 c¢m'/second, as for combined system 1s 20383
cm’/second, filtration disch arge ratio (Quow) 57,76% on the
downflow system and 34.14% on the combination system.
This is due to increasing thickness of the zeolite filter
media (20 cm) and palm fiber (3 ¢m) so that the pores of
the zeolite media are filled with water, and the filtration
discharge is reduced.

The relationship between thickness and discharge tends
to be a straight line equation in the downflow system, the
filtration discharge equation y = -56.083 x + 391.16 in the
combined system filtration discharge equation y = -
58.417x +275.39. The thicker the filter media and the
higher the concentration of nw water, the smaller the
filtration discharge. Changes in the thickness of the filter
media and the turbidity concentration of raw water also
affect the filtration speed (vou). The filtration speed for
beach sand filter media and combined filter media with
varying thickness and concentration can be observed in
Figure 4.
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Fig 4. The relationship of the thickness of the
beach sand filter media to the filtration speed in the
downflow upflow filter combination system
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Fig 5. The relationship of the thickness of the
combined filter media to the filtration speed in the
downflow upflow filter combination system

In the beach sand filter media (a) from three variations
in thickness and three variations in the concentration of
raw water, it 1s observed that the filtration speed (V,,.) at a
thickness of 10 cm with a low concentration (S0NTU) the
filtration speed is greater than the thickness variation and
other concentration variations in the downflow upflow
filter combination system, which 1s 0.35 cm/second in the
downflow system and 0.28 cm/second in the combination
system, this 1s because low thickness factor (10 ¢m) and
low concentration (50 NTU) causes the flow velocity to
be higher. The time required to absorb is reduced so that
the filtration rate (Vouw) become greater. The relationship
between thickness and filtration speed (Q..) tends to a
straight-line equations in the downflow system, the
filtration velocity equation y = -0.0443x + 0.3971 in the
combined system the filtration rate equation y = -0.0435x
+0.3673.

While in the combined filter media (b) the filtration
speed (Q.u) smaller than the beach sand filter media and
the downflow system the filtration speed (Q..) of 0.33
cm/second nle combined system of 0.21 em/second. This
is due to increasing the thickness of the zeolite filter
media (20 cm) and palm fiber (3cm) so that the time
required for absorption is longer. The relationship
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between thickness and filration speed tends to be a
straight line equation in the downflow system.

The filtration velocity equation y = -00534x + 03732
in the combined system [he filration velocity equation
y = -0.0237x + 0.1867. The thicker the filter media and
the higher the concentration of raw water, the smaller the
filtration speed.

The analysis results for the filtration discharge and
filtration speed for both the beach sand filter media and
the combined filter media, thickness, concentration, 8]
flow direction are very influential. Changes in the
thickness of the filter media and the hcentration of
turbidity affect the discharge (Qou); the thicker the
filtration media and the higher the turbidity C()l‘lCCl'lll'E
of the water, the lower the filtration discharge. The
relationship between discharge and velociff)is directly
proportional, where the more significant the filtration
discharge, the greater the filtration speed.

The downflow direction will provide a higher flow rate
and velocity than the upflow direction, because the
downflow direction occurs vertically by gravity from top
to bottom while the upflow i occurs from bottom to
top, requiring strong pressure. The higher the thickness of
the filter media, the lower the water pressure to go up so
that the discharge and filtration speed will be smaller.

C. Headloss

aThc presence of turbidity or viscosity in raw water will
cause shear stress when moving. This shear stress will
convert sonff)of the flow energy into other forms of
energy. The change in the form of energy causes a loss of
energy (hl) or head loss [9]. In principle, the flow in the
filtration media (grained media) is considered flow in
many pipes.

The amount of energy loss (head loss) follows the
Darcy-Weibach equation [10-11]. The amount of energy
loss in the beach sand filter media and the combined filter
media can be seen in Figure 0.
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Fig 6. Energy Loss of beach sand filier media

241

i Dram o 50 NTU e Dl 200 NTU

8 g Downilow 1000 NTU g = Combination 50 NTU

et e Combination 200 NTU  eslll s Combination 1000 NTU

7

& AdS1x & L6451
Es = L7N5x + 1.7556
s
=
2
=4 y = D06+ 0ESEL
g. — 044965 + | 678
= 3 — —

3
) e TR 4 | 06
e Y =TT+ 0403
1 L g
[
10 a0 30
ined filtron. medin thi 4

Fig 7. Energy Loss of combined filter media

The most significant head loss in the beach sand
filter media occurred at a thickness of 30 cm with a low
concentration (50 NTU), which was 3.78 cm in the
downflow system and 1.68 ¢cm in the combination system.

‘While in combined media (b) the most
significant energy loss occurred at a thickness of 30 cm
with low concentration (SONTU) which was 7.13 cm n
the downflow system and 1 4 ¢m in the combination
system The energy loss in the downflow system is greater
than in the combination system (upflow).

This is because in the downflow system where the flow
direction from top to bottom is greater, the pressure will
cause the shear stress to increase and change the flow
energy in other forms, while the upflow flow direction is
from down and up the pressure that occurs is not too large
so that the shear stress is reduced and the energy loss is
small.

D. Efficiency of Turbidity Removal in Downflow —
Upflow filter combination systems

A chemical reaction causes this turbidity. Turbidity
measurement using a Turbiditymeter, turbidity in water
an reduce water quality in terms of aesthetics. Therefore,
according to the Regulation of the Minister of Health in
2010[15] the turbidity allowed for clean water i1s a
maximum of 25 NTU.

In the beach sand filter media, the cﬁ'lci(ﬂﬂ of
turbidity removal for low concentrations (50 NTU) with a
thickness of 10 ¢m in the downflow system §§67.3%, in
the combination system, it is 78%. As for the thickness of
20 ¢cm in the d()mﬂ)w system is 77%, the combined
system is 85%, the thickness of 30 ¢cm in the downflow
system is 86.3%, and the combined system is 91%. The
turbidity removal efficiency for medium concentration
(200 NTU) and high concentration (1000 NTU) in the
downflow system ranged from 82% to 97.3%, and in the
combination system ranged from 86.6% to 98%.

In the combined filter media, the efficiency of the
removal of turbidity in the filter media at a thickness of 10
cm low concentration (50 NTU) in the downflow system
18 79 7%, the combined system is 87%, the thickness 1s 20
cm, the downflow efficiency is 83.7%, in the combination
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system 91 %, at a thickness of 30 cm the efficiency of the
downflow system 1s 91.7%, and the combined system is
95.3%. For medium concentrations of 200 NTU and high
concentrations (1000 NTU) it ranges from 93.6% to
99.6%.

V.CONCLUSION

Based on the results of the research, it is shown that the
treatment of raw water with a combination system of
downflow filter Upflow removal of turbidity is quite
significant and more efficient in the use of filter media
thickness, with a low thickness of filter media it can
remove 78% to 99% turbidity. This indicates that the
downflow upflow filter combination system can eliminate
turbidity with low filter media
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