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CHARACTERISTICS OF RAW WATER SOURCES AND ANALYSIS OF
THE OPTIMAL MODEL OF THE MIXING PROCESS WITH PARAMETER
DESIGN IN CLEAN WATER PUMP INSTALLATIONS

Mastiadi Tamjidillah, Muhammad Nizar Ramadhan, Muhammad Farouk
Setiawan, Jerry Iberahim

To investigate and find the quality characteristics of raw water sources in the
regional integrated drinking water supply system (SPAM) of Banjarbakula to
maintain the supply of drinking water quantity and quality in accordance with
drinking water standards. Selection and determination of the optimum model for the
mixing process of raw water and poly aluminum chloride (PAC) and pump stroke
for input of water sources from rivers to obtain a composition setting that is in
accordance with the raw water sources of each region in the region. So that it is
known the optimum parameter setting model between alum water, raw water and
pump stroke for each raw water source and is regionally integrated as a result of a
comprehensive study. The integration of Taguchi parameter design and response
surface can complement each other and become two methods that go hand in hand
in the process of optimizing clean water products. Parameter design provides a very
practical optimization step, the basis for this formation refers to the factorial
fractional experimental design. However, the absence of statistical assumptions that
follow the stages of analysis makes this method widely chosen by researchers and
practitioners. With the experimental design of the raw water mixing process
(turbidity) such as 5 It/sec, 10 It/sec, 15 It/sec, 20 It/sec and 25 It/sec and % PAC
concentration 5 ppm, 10 ppm, 15 ppm, 20 ppm and 25 ppm with a pump stroke
installation of 5 %, 10 %, 15 %, 20 % and 25 %. In the process of adding PAC,



always pay attention and observe the behavior of the attractive force of the floating
particles (flock). The particles were then subjected to SEM (scanning electron
microscope) to determine the dimensions of the flock grains deposited

Keywords: characteristics, parameters, setting, supply, turbidity, mixing,
concentration, pump, behavior, clean water

1. Introduction

The need for raw water (water supply) is very necessary to ensure availability
for the clean water treatment process. With good raw water quality, it describes good
natural conditions, so it needs to be maintained to maintain quantity and continuity.
Good and sufficient raw water is the hope of the clean water industry and society as
consumers for a healthier life. However, the processing process is important so that
the quality is always maintained with raw water conditions that vary in quality. It is
everyone's effort to use efficient clean water to keep it always available, because
water is a basic need that must be maintained for survival.

The characteristics of raw water quality vary, because the source comes from
rivers with high turbidity levels above 5 NTU (nephelometric turbidity unit), so a
water treatment process is needed to reduce the turbidity level. To meet the
community's need for clean water that meets health standards, an adequate supply of
raw water is needed to maintain the quality and availability for human life. Water
sources from upstream must be considered so that these resources are sustainable by
taking into account renewable environmental factors that are useful for other
activities such as the use of other energy resources.

The quality of raw water decreases because it is caused by household activities,
soil pollution, water pollution, logging activities and plantation land clearing. In
addition to the decrease in the quality of raw water, it also causes an increase in
temperature, sedimentation and organic content due to the opening of new land for
agriculture and plantations in the upstream part of the river. The influence of
activities upstream of the river causes the quality of raw water to decrease which
will be used as input for processing into clean water. So that an integrated treatment
process is needed according to these conditions to get good quality clean water.

The clean water treatment process at the SPAM in the Banjarbakula region
continues to be carried out for each region, from the processing installation only
PDAM Bandarmasih which has a population of almost 200 thousand people which
has been served by 99 % of the community. While the City of Banjarbaru and Kab.



Banjar until the end of 2020 with the number of customers reaching 625,000 people
with a service coverage of around 80 %. Likewise Kab. Barito Kuala and Kab. Tanah
Laut is still below the national target, which is 68 % and the PBB MDGs
(Millennium Development Goals) target of 80 %.

Clean water treatment to reduce the level of turbidity from the water supply, it
IS necessary to add an appropriate coagulant process to reduce it according to clean
water standards. To determine the estimated dose of coagulant is also done by using
a parameter design with a variety of settings adopting the Taguchi method. For local
Indonesia, the raw water source is from the river, it is different from other countries
with the same water source, because forest conditions and environmental factors in
the upstream of the river greatly affect the level of turbidity.

By improving the mixing process with various variations to get the optimum
setting. With Taguchi's approach to lowering turbidity, accelerates the formation of
floating flocks during the mixing process. The coagulation process aims to reduce
turbidity, color and odor through a chemical process used to remove colloidal
particles that can disturb the environment. Colloidal particles cannot settle, there
must be a suitable coagulant such as PAC to destabilize the particles so that
microflocs are formed. With the coagulation and flocculation processes in the clean
water treatment process with the main parameter setting lowering the turbidity level,
it will produce quality water according to health standards.

In the mixing process at the pump installation, it is necessary to set the
appropriate parameters to reduce the level of turbidity before and after the mixing
process with variations in the addition of coagulant. Optimal settings will be
obtained in this process, a positively charged coagulant is used to attract negatively
charged colloid particles as a flock which will settle to the bottom of the channel,
the behavior of the coagulant that catches floating colloid particles is observed and
a scanning electron microscope (SEM) is performed to determine the dimensions of
the flock grains. the result of the deposition process of mixing with various content
of its compounds.

The contribution of this research is to get the turbidity level before and after
the mixing process, the optimal parameter setting model to reduce the turbidity
level and to observe and investigate the behavior of flock process in the mixing
process.

This is superfluous, because this section of the article did not need to annotate
the article. It was necessary to justify the relevance of this problem in modern times.
Therefore, you can remove this part of the text.




To finish this section of the article you need this text:

Therefore, studies that are devoted are..... scientific relevance

That is, it is necessary to inform not about the relevance of this work, but about
the relevance of scientific problems

2. Literature review and problem statement

Mixing process with various variations to get optimal setting with parameter
setting approach to reduce turbidity level and observe flock behavior that floats
during the process. In this mixing process, the coagulation process occurs, aiming to
reduce turbidity, color and smell which is through chemical process used to remove
colloidal particles that can interfere with the environment. Parameter setting is the
main factor in the mixing process to get good quality, but it is necessary to use a
network system to detect waste water in the water supply [1], assessment of the
quality of water sources from rivers is always evaluated and the value of turbidity
and sediment aspects [2] These colloidal particles cannot settle on their own and are
difficult to handle physically, the addition of PAC coagulant destabilizes the
particles to form microflocs [3]. The microflocs then agglomerate into macroflocs
which can be deposited through the flocculation process. The coagulation process is
time dependent and slow stirring in water. Generally, the flocculation period occurs
for 10-30 minutes after the coagulation process [4]. The faster the mixing time, the
larger the floc formed with the characteristics of the raw water source, stirring
conditions, flocculation time, selected coagulant, and variations in the addition of
coagulation consentration will affect the performance of coagulation. The fast
stirring process in the ink industry is faster to reduce and reduce waste water [5],
while the beverage industry pays attention to the decrease in sediment by setting
ppm coagulant [6].

In this clean water treatment plant, the water supply is from a river with a high
turbidity above 5 NTU, so it is necessary to add an appropriate coagulant process to
reduce turbidity and waste [7]. Many researchers use the addition of conventional
coagulant variations with the Jartest method carried out in the process of decreasing
turbidity [8], to find out the estimated coagulant dose is also carried out using genetic
algorithms and artificial neural network methods to find approaches between water
quality parameters and coagulant doses that are more efficient and effective.
economical [9]. However, it is necessary to propose an improvement method to
design the quality of the clean siren from the beginning with parameter settings that
adopt the Taguchi method [10], the green approach to the mixing process at various
levels of turbidity by paying attention to waste reduction and minimization. The use



of chitosan is useful in reducing waste water and color from industry [11], but for
water sources from rivers because organic is used other coagulants such as PAC [12].
For local Indonesia, the raw water source from the river is different from other
countries with the same water source, because forest conditions and environmental
factors in the upstream river greatly affect the level of turbidity. The choice of
coagulant is different for each water supply from rivers or other water sources, with
the jartest technique can reduce turbidity, but the use of PAC is even faster in the
mixing process [13], with chitosan on coagulation and flocculation reduces color at
pH below 5, while river water tends to be above 5 [14].

Colloidal particles that are small and fine are generally negatively charged
because river water contains organic or inorganic compounds that cannot be
removed by ordinary sedimentation. PAC as a drinking water purification coagulant
has a good speed in forming new flocs in the process of mixing clean water. As a
basic element, aluminum forms repeating units in long molecular chains which have
a high positive charge and large molecular weight and can reduce flocs in purified
water even in certain doses [15]. Thus PAC combines neutralization and the ability
to bridge flock particles so that coagulation takes place more efficiently [16]. PAC
can easily neutralize the electric charge on the flock surface and can overcome and
reduce the electrostatic repulsion between particles to as small as possible, thus
allowing the flock to approach each other (covalent attractive forces) and form larger
masses. PAC selection coagulants can reduce floating flocks in the water supply
from rivers, and accelerate sedimentation and reduce waste water non oily from
clean water treatment to customers [17], with the use of PAC above 10 ppm it can
reduce waste water rather than the use of ultraviolet and chlorine disinfectants [18].

For scenarios of environmentally friendly conditions as a form of sustainable
use, natural resources are preserved by taking into account the hydrological cycle of
water resources. The use of water resources, especially those from rivers, is very
high and worrying, the availability of water supply and its safety is approaching the
gray zone and continues to increase, with factor analysis contributing to urban water
management [19]. By using fuzzy and TOPSIS can provide information on the
availability and contribution of options for the use of water resources [20], water
quality is strongly influenced by the condition of the river upstream, either organic
or inorganic, waste. There are several scenarios to make water available for
downstream industrial inputs such as drinking water needs. However, the quality of
drinking water needed must be feasible for consumers by reducing disinfectants
which are waste. there are several decision-making criteria to reduce the waste,
among others, paying attention to the processing/treatment.



The quality characteristics have been widely studied, both in the manufacturing
industry, the water industry and the chemical industry, in the opinion that water
sources from upstream must be considered so that the availability and quality of
water is better. However, this resource must be sustainable by taking into account
renewable environmental factors that are useful for other activities such as the use
of other energy resources, the quantity factor must be considered to ensure the
availability of raw water [21].

Research on the relationship between raw water quality parameters, chlorine
requirements and disinfectant content of drinking water has been carried out [22].
The use of appropriate chlorine will minimize disinfectants so that the quality of
drinking water supplied to customers will be maintained according to standards. The
model obtained for clean/drinking water treatment conditions in Malaysia shows that
there is a relationship between the need for chlorine to reduce disinfectants and
improve product quality, the parameters of raw water content also affect the final
product and require treatment in its processing.

In the mixing process at the pump installation, it is necessary to set the
appropriate parameters to reduce the level of turbidity before and after the mixing
process with variations in the addition of coagulant. Optimal settings will be
obtained in this process, a positively charged coagulant is used to attract negatively
charged colloid particles as a flock which will settle to the bottom of the channel,
the behavior of the coagulant that catches floating colloid particles is observed and
a scanning electron microscope (SEM) is performed to determine the dimensions of
the flock grains. the result of the deposition process of mixing with various content
of its compounds.

The contribution of this research is to get the turbidity level before and after the
mixing process, the optimal parameter setting model to reduce the turbidity level and
to observe and investigate the behavior of flock process in the mixing process.

The review aims to identify the outstanding parts of the problem. Therefore, it
IS necessary to improve the section by introducing a critical analysis of these sources.
That is, it was necessary not only to describe the issues considered in the mentioned
works, but to point out those parts of the problem that are not covered in them. It is
necessary to refine the section in this direction.

You have to say about each source of literature: which problems were studied in
them, which part of the problem remained unexplored, why this part of the problem
has not been studied? Can it be objective reasons, methodological or mathematical
difficulties, etc.? You must say this specifically.



The last paragraph as a conclusion to the review should also be corrected. It is
necessary not just have to say that something is being done in the article. It is
necessary to justify why the objective of the research, stated in section 3, is
promising. And this should be justified by a critical analysis of the sources.

3. The aim and objectives of the study

The aim of the present research is to investigate the characteristics of water
quality in clean water treatment plant.

To accomplish the set aim, the following tasks were set and identified:
— the turbidity characteristics of water before and after the mixing process;

— optimal parameter setting in the mixing process of PAC (coagulant), raw
water and pump stroke;

—to determine the behavior of the flow and floating flock, as well as to
determine the microstructure of the mixing process.

4. Materials and methods

The dosing pump is designed to drain the PAC coagulant flow fluid into the
water fluid. This pump generates a coagulant flow rate by the mixing method set
from the valve to deliver the liquid PAC discharge into the dosed reservoir. This
pump is very helpful in the process of mixing clean water treatment for coagulant
variations which are controlled internally to vary the flow rate and dosage amount.

Taguchi's method is used for parameter setting and integration of the most
influential waste output to improve the quality of clean water products, reduce
turbidity levels with variations in coagolan doses, optimal mixing process. The target
of this method is to make clean water products less sensitive to noise, so it is called
a robust design [26] like the concept below:

— the turbidity characteristics of water before and after the mixing process, with
the experimental design of the raw water mixing process (turbidity) such as 5 It/sec,
10 It/sec, 15 It/sec, 20 It/sec and 25 It/sec and % PAC concentration 5 ppm, 10 ppm,
15 ppm, 20 ppm and 25 ppm with a pump stroke installation of 5 %, 10 %, 15 %,
20 % and 25 %j;



— by the parameter settings above, the optimal parameter settings are obtained
to reduce the level of turbidity;

— observing and identifying the behavior of floating flocks to sedimentation for
SEM.

According to [23], explained that the advantages of the Taguchi method
compared to other experimental designs are because it is more efficient in
experiments involving many factors but the number of experimental units required
is relatively small, the product is more consistent and less sensitive (robust) to
variability caused by factors that cannot be controlled (noise). The objective function
of the Taguchi method for a robust design that is resistant to noise is derived from
measuring product quality using a quadratic loss function in a broader definition to
produce an optimal design or parameter setting. Signal to ratio (SNR) in the
experimental design system of this method provides a comparison of quantitative
values for response variations to determine the optimum parameter settings.

The most important hope in the robust design of the Taguchi method, especially
parameter setting, is to examine the effect of variability on factors and experimental
levels using statistical tools as a tool. To help fully factorial large, time-consuming
and costly experiments, Taguchi suggests using orthogonal arrays (OA) to represent
the range of possible experiments. After conducting the experiment, all experimental
data were evaluated using analysis of variance (ANOVA) to determine the optimum
parameter settings [24, 25].

This method is to determine the factors that influence an optimum response
with its characteristics. The Smaller The Better (STB) quality characteristic indicates
that the smaller the characteristic parameter, the better the quality. Larger The Better
(LTB) indicates that the larger the characteristic parameter, the better the quality will
be, and the Nominal The Better (NTB) quality characteristic means that the quality
will be said to be getting better if it is close to the nominal (target) that has been set
through parameter design and response. for clean water with various concentrations
and levels [26, 27].

The conceptual development of the model structure based on the setting of
clean water parameters and the optimization model for the mixing process can be
seen in Fig. 1 below.
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Fig. 1. Setting parameter model in process mixing

In parameter setting there is coagulation to remove and separate colloidal
particles from natural organic minerals such as mud. These colloidal particles cannot
settle naturally having a diameter of less than 1 mm causing color and turbidity. In
Fig. 2 below, it can be seen that section 3 is the mixing process for the PAC variation
to reduce the level of turbidity, to observe the behavior of the floating flock in section
4 there is an attractive force that tends to form aggregates while the repulsive force
causes a stable colloidal dispersion.

Fig. 2. Research Installation

The water supply contained in section 1 is flowed to section (2) naturally



precipitated by gravity, flowing through a transparent glass channel which is dripped
with coagulant with the specified setting. The quality of clean water can be seen in
section (5, 6), then in the laboratory test to get the level of turbidity according to
health standards.

5. Results Research results of...?? This section title should be clarified

The title should answer the question "What are the results of the research?"

Normality test and turbidity contour level were used to test the data whether the
data were normally distributed for the turbidity parameter and information on the
distribution of the data, while the counter explained the position of the data
distribution in sampling which was determined about the raw water turbidity
parameters and the turbidity of the mixing process. This text should be moved to
section 4

5. 1. The turbidity characteristics of water before and after the mixing
process

Parameter setting conducted in mixing process, as shown in Fig. 3 below, shows
that the turbidity value of water supply is above 5 NTU (nephelometric turbidity
unit) — which is the standard value for clean water. With the medium level of
concentration (11 to 15 ppm), it in shown that the decrease of turbidity value is at
the range of 4-5 NTU at pH 7.1. The turbidity value of water supply and mixing
process can also be seen in contour plot, Fig. 4 which presents the dispersion of
turbidity value with a more detailed range system in the position of turbidity value
at each change of PAC concentration.
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Fig. 4. Contour plot turbidity water supply and turbidity mixing process

Turbidity level of water supply is averagely 5,8 NTU and the reduce of turbidity
of mixing process is averagely 4.5 NTU as the addition of medium level in coagulant
concentration, but the fluctuation approximates the normal distribution as shown in
Fig. 5 below.
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Fig. 5. Normality turbidity: a — water supply; b — process mixing
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Fig. 5. The variation of turbidity of water supply is influenced by the condition
of downstream river, weather and environment of the forest (a) and the decrease of
turbidity in the mixing process is due to the coagulant setting process (b). As the
ppm coagulant is getting higher, the turbidity would reduce until reaching the
optimum concentration level at the medium level in the condition of water supply

which is of 5-7 NTU.

5. 2. Optimal parameter setting in the mixing process of PAC (coagulant),

raw water and pump stroke

In the mixing process to decrease turbidity with the addition of coagulant
variations by setting the parameters of the Taguchi method with Low level (5-10
ppm), medium level (11-15 ppm) and high level (16-20 ppm) as shown in Table 1

below.

Table 1

Level factor



Parameter Code |Levell| Level2 | Level3 | Level 4
Conc.alum (% ppm) A 5 10 15 20
Water

Supply (It/sec) B 5 10 15 20
Pump stroke (%) C 15 20 25 30

The change of concentration level of PAC coagulant starts from low level,
medium level, and high level simultaneously with the setting of water supply and
pump stroke. The decrease of turbidity level seems better as the raise of coagulant
concentration level has positive ions. The positive and negative ions depict the effect
and response of variable concentration, water supply, and pump stroke as shown in
Fig. 6 and Table 2 below. The plot effect of S/N ratio is in the optimum process of
parameter design of mixing process at the various concentration level.

Mean of Means
s &

Conc. PAC (%)

Data Means

Water Supply (It/se

C)

Main Effects Plot for Means

Pump Stroke (%)

Fig. 6. Response table variable conc PAC, water supply, pump stroke

Table 2

Main effect of process mixing

Level PAC Water Supply Pump stroke
1 4.793 4.775 4.813
2 4.877 4.900 4.782
3 4.775 4.848 4.868
4 4.865 4.787 4.848
Delta 0.102 0.125 0.085




Rank | 2 | 1 | 3 |

By looking at the fluctuation of water supply turbidity and mixing process, the
model of mixing process can be predicted at the medium level of 14 and 15 ppm
coagulant. Averagely, the model of prediction of mixing process collects the
maximum at medium level which is 15 for the condition of 5-7 NTU.

Optimal process mixing=15 % ppm conc. PAC+15 It/sec+15 % pump stroke.

Optimal model can be decreased or increased fluctuatively at each 2 point range
change of turbidity, for instance 5-7 NTU, 7-9 NTU, and so on. For the more detail,
every change of ppm concentration, water supply and pump stroke can be seen in
Fig. 7 below. At the position of medium level, it can be seen that the turbidity value
of mixing process is at 4.8 NTU and 4.9 NTU which are close to the health standard.
The higher % ppm of PAC causes the turibidity to decrease and the water color turn
to transparent. The effect of over PAC would not be harmful for human body but
with a continuous excessive dosage in a long time, it would cause side effect in form
of toxin within human body.

Concentration PAC vs Turbidity
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Fig. 7. The variation of PAC concentration at each level

In Fig. 7 above, it can be seen that the concentration of % PAC at medium level

15 produces a turbidity level of 4.9, close to 5 NTU health standards, so that point
becomes optimal. If you add more PAC at levels 20 and 25 the clean water is close
to white color can be harmful to health if used continuously because of the effect of
high coagulant content.



5. 3. To determine the behavior of the flow and floating flock, as well as to
determine the microstructure of the mixing process

Each change of PAC concentration level causes the change of water turbidity
value, colloid behavior and floc formation in mixing process. Coagulant
characteristic whose charge is positive ion would attract negatively charged colloid
that is often called as the effect of Van der Waals’ attractive force. A proper addition
of coagulant concentration would reduce the zeta potential repulsive force in the
colloid, thus there is more positive ions than negative ions which causes faster floc
formation process. With sedimentation process and flock filterization, it would
gravitationally percipate at the bottom surface to furthermore be thrown away since
the sedimentation is known as waste in the industry of clean water.

In the mixing process, each variation of water supply, ppm PAC and % stroke
pump will affect the level of turbidity due to the addition of coagulant which will
attract negative ions into flock, with increasing coagulant and pump stroke in the
form of pump speed in rpm will accelerate the process of flock formation, Fig. 8a
presenting large flocks so that the effect of the van der Waals forces can still be seen,
a large attraction by the coagulant will accelerate flock formation.

With the increase of coagulant and pump stroke in the form of pump velocity
in rpm, it would fasten the process of floc formation. Fig. 8, a represents the big
grain-sized flocs in which thus the effect of Van der Waals’ force is visible. The great
attractive force from coagulant would fasten the floc formation. To observe the
Brownian motion, which is in form of zig-zag line or dash line, the portrayal of
molecular kinectic flocs in Fig. 8, b requires a camera magnification of 1200 with
the type of SEM digital. In Fig. 8, c, the distance among flocs is getting bigger due
to the addition of rpm, then the particle flies slowly to the bottom in groups following
the gravitation principle.






Fig. 8. SEM image of flock: a — 5 % ppm; b — 10 % ppm; ¢ — 15 % ppm; d — 20 %
ppm; e,f — 25 % ppm

Moreover, in Fig. 8, d, flocs start to percipate downward closing by the plat



basis together with coagulation and flocculation. In Fig. 8, e, colloid and flocs are
not visible since the pump rpm of mixing process is of 20 % and 25 % rpm at high
level. It can be seen that the small visible flocs are closing by the big floc gap filled
by liquid space where viscosity is smaller hence following the big floc pattern by
clinging and uniting into big flocs continuously. Meanwhile, in Fig. 8, f, the group
of flocs is visible until the basic plat with bigger grain and percipates covering almost
the whole surface of the basic plat.

6. Discussion of results 6. Discussion of the research results of...??
This section title should be clarified. The title should answer the question
"Discussion of the results of the study of what?"

The optimal model obtained and proposed for the mixing process of % PAC,
raw water and % pump stroke shows that the existing condition exceeds the
established health standard. By using the medium turbidity level parameter setting
of 14 and 15 ppm coagulant, the maximum prediction model was taken at 15 ppm
for conditions of 5-7 NTU. The model fluctuates every time the turbidity range
changes 2 points, for example 5-7 NTU, 7-9 NTU and so on.

At low-level coagulant concentrations the attractive force between coagulant
and colloid is not too large, but for medium and high-level coagulants the attraction
Is stronger because of its positive ion nature, on the other hand the effect of Brownian
motion gets smaller with increasing % ppm of coagulant because the water tends to
be colored White. If the coagulant concentration is added again in rpm and the
appropriate time, the flock-flock by gravity will accumulate at the bottom of the
plate in the form of sediment waste which is flowed to the waste processor before
being discharged to the final place.

Everything below is good. The text above needs to be concretized (see
comments below)

The limitations of the proposed new model in the mixing process are related to
the condition of the research object, while the method is also limited in setting
parameters using experimental design principles in the early stages of setting. Have
not adopted another method to estimate coagulant dose, while the assumption used
Is that the parameter data is the same every day.

The limitation of this model is related to the resource capacity of the clean water
treatment section and the setting of additional equipment. So that a gradual change



Is needed, conventionally daily sampling in the mixing process describes the
parameters that affect water quality. Especially for water sources from rivers that are
specifically intruded by swamp water, the turbidity factor is the most influential
factor for setting parameters in the mixing process.

For the process of developing clean water treatment processes that are affected
by turbidity in river water sources, measurements of the level of turbidity are carried
out. This turbidity data is very important in the production process to carry out
complex experiments for daily data, but specifically for water sources from rivers
that are specifically intruded by swamp water, the turbidity factor is the most
influential.

- how can the results be explained? This interpretation part is the first main part
of the discussion and there are important nuances of its presentation. It is necessary
to explain the results obtained for each research objective, referring to those objects
in the article that display the discussed results. Such objects in the general case are
analytical expressions, figures, tables. That is, it should be seen which result is being
discussed at this point in the section.

- how do the proposed solutions/results allow to close the problem area
identified by the author, and if so, in which part and due to what exactly? This is the
second main part of the discussion, because it is this that closes the research
(feedback): the problem is identified — the aim is set — the results are obtained — the
results are explained using some kind of evidence base (section "Discussion ...")

- what can be considered the advantages of this study in comparison with those
known on this subject. In this case, it is necessary to indicate alternative solutions
and say, thanks to which particular features of the proposed solutions, advantages
(or, in general, differences) are provided?

7. Conclusions

1. The variation of turbidity of water supply is influenced by the condition
of downstream river and the decrease of turbidity in the mixing process is due to the
coagulant setting process. The turbidity would reduce until reaching the optimum
concentration level at the medium level in the condition of water supply which is of
5-7 NTU.

2. The decrease in turbidity level in the mixing process is due to changes



In parameter settings, the higher the ppm of coagulant, the turbidity will decrease
until it reaches the optimum concentration level at the medium level in raw water
turbidity conditions of 5-7 NTU.

3. In low level coagulants the attractive force between coagulant and floc
Is not too large, but for medium and high level the attraction is stronger because of
the nature of the coagulant which has positive ions. On the other hand, the effect of
Brownian motion decreases with increasing % ppm of coagulant because the water
tends to be white. If the concentration of coagulant is added again, the floc will
decrease by gravity and accumulate to the bottom of the plate in the form of sediment
waste.
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Comments continued

CHARACTERISTICS OF RAW  WATER SOURCES AND
DETERMINATION OF THE OPTIMAL MODEL OF THE MIXING
PROCESS WITH PARAMETER DESIGN IN CLEAN WATER PUMP
INSTALLATIONS

From the title should follow what your research was: development, comparison,
Implementation, research, analysis, etc.

Mastiadi Tamjidillah, Muhammad Nizar Ramadhan, Muhammad Farouk
Setiawan, Jerry Iberahim

To investigate and find the quality characteristics of raw water sources in the
regional integrated drinking water supply system (SPAM) of Banjarbakula to
maintain the supply of drinking water quantity and quality in accordance with
drinking water standards. Selection and determination of the optimum model for the
mixing process of raw water and poly aluminum chloride (PAC) and pump stroke
for input of water sources from rivers to obtain a composition setting that is in
accordance with the raw water sources of each region in the region. So that it is
known the optimum parameter setting model between alum water, raw water and
pump stroke for each raw water source and is regionally integrated as a result of a
comprehensive study. The integration of Taguchi parameter design and response
surface can complement each other and become two methods that go hand in hand
in the process of optimizing clean water products. Parameter design provides a very
practical optimization step, the basis for this formation refers to the factorial
fractional experimental design. However, the absence of statistical assumptions that
follow the stages of analysis makes this method widely chosen by researchers and
practitioners. With the experimental design of the raw water mixing process


mailto:ghofur70@ulm.ac.id

(turbidity) such as 5 It/sec, 10 It/sec, 15 It/sec, 20 It/sec and 25 It/sec and % PAC
concentration 5 ppm, 10 ppm, 15 ppm, 20 ppm and 25 ppm with a pump stroke
installation of 5 %, 10 %, 15 %, 20 % and 25 %. In the process of adding PAC,
always pay attention and observe the behavior of the attractive force of the floating
particles (flock). The particles were then subjected to SEM (scanning electron
microscope) to determine the dimensions of the flock grains deposited.

Keywords: characteristics, parameters, turbidity, mixing, clean water 10 words

1. Introduction

The introduction should provide the reader with the background information
needed to understand your research and the reasons for your experiments. Do not
write a literature analysis in the introduction.

The clean water treatment process at the SPAM in the Banjarbakula region
continues to be carried out for each region, from the processing installation only
PDAM Bandarmasih which has a population of almost 200 thousand people which
has been served by 99 % of the community. While the City of Banjarbaru and Kab.
Banjar until the end of 2020 with the number of customers reaching 625,000 people
with a service coverage of around 80 %. Likewise Kab. Barito Kuala and Kab. Tanah
Laut is still below the national target, which is 68 % and the PBB MDGs
(Millennium Development Goals) target of 80 %.

Mixing process with various variations to get optimal setting with parameter
setting approach to reduce turbidity level and observe flock behavior that floats
during the process. In this mixing process, the coagulation process occurs, aiming to
reduce turbidity, color and smell which is through chemical process used to remove
colloidal particles that can interfere with the environment [1, 2]. These colloidal
particles cannot settle on their own and are difficult to handle physically, the addition
of PAC coagulant destabilizes the particles to form microflocs [3]. The microflocs
then agglomerate into macroflocs which can be deposited through the flocculation
process. The coagulation process is time dependent and slow stirring in water.
Generally, the flocculation period occurs for 10-30 minutes after the coagulation
process [4]. The faster the mixing time, the larger the floc formed with the
characteristics of the raw water source, stirring conditions, flocculation time,
selected coagulant, and variations in the addition of coagulation consentration will
affect the performance of coagulation [5, 6].

In this clean water treatment plant, the water supply is from a river with a high
turbidity above 5 NTU, so it is necessary to add an appropriate coagulant process to



reduce turbidity and waste [7, 8]. Many researchers use the addition of conventional
coagulant variations with the Jartest method carried out in the process of decreasing
turbidity [9], to find out the estimated coagulant dose is also carried out using genetic
algorithms and artificial neural network methods to find approaches between water
quality parameters and coagulant doses that are more efficient and effective.
economical [10]. However, it is necessary to propose an improvement method to
design the quality of the clean siren from the beginning with parameter settings that
adopt the Taguchi method [11], the green approach to the mixing process at various
levels of turbidity by paying attention to waste reduction and minimization [12, 13].
For local Indonesia, the raw water source from the river is different from other
countries with the same water source, because forest conditions and environmental
factors in the upstream river greatly affect the level of turbidity [14, 15].

Colloidal particles that are small and fine are generally negatively charged
because river water contains organic or inorganic compounds that cannot be
removed by ordinary sedimentation. PAC as a drinking water purification coagulant
has a good speed in forming new flocs in the process of mixing clean water. As a
basic element, aluminum forms repeating units in long molecular chains which have
a high positive charge and large molecular weight and can reduce flocs in purified
water even in certain doses [16]. Thus PAC combines neutralization and the ability
to bridge flock particles so that coagulation takes place more efficiently [17]. PAC
can easily neutralize the electric charge on the flock surface and can overcome and
reduce the electrostatic repulsion between particles to as small as possible, thus
allowing the flock to approach each other (covalent attractive forces) and form larger
masses [18, 19].

In the mixing process at the pump installation, it is necessary to set the
appropriate parameters to reduce the level of turbidity with variations in the addition
of coagulant. The positively charged nature of the coagulant is used to attract the
negatively charged colloidal particles to form a flock which will settle to the bottom
of the channel, the behavior of the coagulant that catches the colloidal particles that
float into the flock will be observed and a scanning electron microscope (SEM) is
performed to determine the grain dimensions of the resulting flock. depositional
mixing process with various content of its compounds. Contribution in this research
Is to get clean water quality with input parameter setting to reduce turbidity level
and optimal model by paying attention to the behavior of the mixing process.
Please add the relevance of your work in this direction.

2. Literature review and problem statement



How this section should be built: The paper [.] presents the results of research
..., Shown, that..., But there were unresolved issues related to ..., The reason for this
may be (objective difficulties associated with ..., fundamental impossibility ..., cost
part in terms of ..., which makes relevant research impractical, etc.). A way to
overcome these difficulties can be ..., This approach was used in [.], however ..., All
this suggests that it is advisable to conduct a study on ...

Use 7-10 references to the literature, each of the used sources should be
accompanied by a comment (at least one sentence)

The section of the article “Analysis of literary data” is intended to show
(highlight) parts of the problem that are not solved by other scientists. The outcome
of the review is the identification of a “niche” of research that is not occupied by
other scientists in this problem. This section is written on the basis of publications
of periodical scientific publications (books, textbooks, monographs do not belong
to those). A review of periodicals on a problem investigated by the author should
include sources no more than 5-10 years old, and a review of foreign scientific
periodicals on the problem investigated by the author of study.

For scenarios of environmentally friendly conditions as a form of sustainable
use, natural resources are preserved by taking into account the hydrological cycle of
water resources [20, 21] There should be a critical analysis of each source

There are several scenarios to make water available for downstream industrial
inputs such as drinking water needs. However, the quality of drinking water needed
must be feasible for consumers by reducing disinfectants which are waste. there are
several decision-making criteria to reduce the waste, among others, paying attention
to the processing / treatment [22].

The quality characteristics have been widely studied, both in the manufacturing
industry, the water industry and the chemical industry, such as [23] in the opinion
that water sources from upstream must be considered so that the availability and
quality of water is better. However, this resource must be sustainable by taking into
account renewable environmental factors that are useful for other activities such as
the use of other energy resources, the quantity factor must be considered to ensure



the availability of raw water [24].

Research on the relationship between raw water quality parameters, chlorine
requirements and disinfectant content of drinking water has been carried out [24].
The use of appropriate chlorine will minimize disinfectants so that the quality of
drinking water supplied to customers will be maintained according to standards. The
model obtained for clean/drinking water treatment conditions in Malaysia shows that
there is a relationship between the need for chlorine to reduce disinfectants and
improve product quality, the parameters of raw water content also affect the final
product and require treatment in its processing.

Research on optimization involving several parameters and many attributes
resulting in multiple responses is proposed [25]. In addition to setting appropriate
and optimal parameters for all responses, it also pays attention to
equipment/installation conditions, equipment failure factors and equipment
reliability that will affect the production process including the mixing process by
minimizing waste. All of these production processes must pay attention to evaluation
at each stage of the initial design (quality by design) to obtain good product quality
by taking into account the multi criteria of various alternative management options
in making decisions in drinking water production. All of the above efforts are made
to obtain quality products for consumer needs by always making continuous
improvements.

3. The aim and objectives of the study
The aim of the study is ......

To achieve this aim, the following objectives are accomplished:

(Objectives should answer the question "What to do?")



4. Materials and methods

This section should mention only about the way the research was carried out:
theoretical methods, software and hardware, conditions of the experiment and
validation of the proposed solutions (adequacy of the proposed models, etc.). Thus,
everything should be noted about obtaining results, but no result is given in this
section.

This section is irrelevant to the problem statement in section 3, as the problem in
section 3 is relevant to section 5. "Research results...".

The dosing pump is designed to drain the PAC coagulant flow fluid into the
water fluid. This pump generates a coagulant flow rate by the mixing method set
from the valve to flow the liquid PAC discharge into the dosed reservoir. This pump
is very helpful in the process of mixing clean water treatment for coagulant
variations which are controlled internally to vary the flow rate and dosage amount.

Taguchi's method is used for parameter setting and integration of the most
influential waste output to improve the quality of clean water products, reduce
turbidity levels with variations in coagolan doses, optimal mixing process. The target
of this method is to make clean water products less sensitive to noise, so it is called
a robust design [26] like the concept below:

1. 1. Clean water quality must be designed from the start, not just
checking it.
2. The best quality is achieved by minimizing the deviation from the

target, the product must be designed so that it is robust against environmental factors
that cannot be controlled.

3. The cost of quality should be measured as a function of deviation from
a certain standard and losses should be measured at all stages of the product.

According to [27], the advantages of the Taguchi method compared to other
experimental designs are because it is more efficient in experiments involving many
factors but the number of experimental units required is relatively small, the product
Is more consistent and less sensitive (robust) to the variability caused by different
factors. uncontrollable (noise). The objective function of the Taguchi method for a
robust design that is resistant to noise is derived from measuring product quality
using a quadratic loss function in a broader definition to produce an optimal design
or parameter setting. Signal to ratio (SNR) in the experimental design system of this
method provides a comparison of quantitative values for response variations. To



maximize the results of SNR is the minimization of response variations and
performance parameter settings that are firmly on target for the best quantification
of the mean squared deviation (MSD) in the performance of the mixing process.

The most important hope in the robust design of the Taguchi method, especially
parameter setting, is to examine the effect of variability on factors and experimental
levels using statistical tools as a tool. To help fully factorial large, time-consuming
and costly experiments, Taguchi suggests using orthogonal arrays (OA) to represent
the range of possible experiments. After conducting the experiment, all experimental
data were evaluated using analysis of variance (ANOVA) to determine the optimum
parameter settings [28, 29].

This method is to determine the factors that influence an optimum response
with its characteristics. The Smaller The Better (STB) quality characteristic indicates
that the smaller the characteristic parameter, the better the quality. Larger The Better
(LTB) indicates that the larger the characteristic parameter, the better the quality will
be, and the Nominal The Better (NTB) quality characteristic means that the quality
will be said to be getting better if it is close to the nominal (target) that has been set
through parameter design and response. for clean water with various concentrations
and levels [30, 31].

The conceptual development of the model structure based on the setting of
clean water parameters and the optimization model for the mixing process can be
seen in Fig. 1 below.

§ rfluyy pm-wr

Fig. 1. Setting parameter model in process mixing



In the parameter settings there is coagulation to remove and separate colloidal
particles from natural organic minerals such as mud. These colloidal particles cannot
settle naturally having a diameter of less than 1 mm causing color and turbidity. The
particles attract each other is called the Van Der Waals force and the repulsive
particles are called zeta potential forces which have the same charge mass which
clump together to form flocks. The attractive force tends to form aggregates while
the repulsive force causes the stability of the colloidal dispersion. Stability of
colloids can be removed by adding a dose of PAC coagulant whose electrolyte charge
Is opposite to that of the colloid. Coagulation is a process of deterioration of stability
by the addition of a coagulant followed by rapid stirring to neutralize the colloid
charge and agglomerate to form a large precipitate, see Fig. 2 below on clean water
treatment plants.

Fig. 2. Research Installation

ENDING THE SECTION BY THE FIGURE IS INCORRECTLY, NEED
AN ANY INTERPRETATION

5. Results

Structure the ""Research results' section according to the task at hand (section
3):



5.2....

number of tasks (Section 3) = number of subsections Result

In the mixing process to decrease turbidity with the addition of coagulant
variations by setting the parameters of the Taguchi method with Low level (5-10
ppm), medium level (11-15 ppm) and high level (16-20 ppm) as shown in Tables 1,
2 below.

The table should not consist of a single row of values

Tabel Table 1

Parameter respon

Response Quality
Fresh water quality

Response
Concentration
PAC (% ppm)

Tabel 2

Level factor

Parameter Code |Levell |Level2 |Level3 |Level4
Conc.alum (% ppm) Water | A 5 10 15 20
supply (It/sec) B 5 10 15 20
Pump stroke (%) C 15 20 25 30

The change of concentration level of PAC coagulant starts from low level,
medium level, and high level simultaneously with the setting of water supply and
pump stroke. The decrease of turbidity level seems better as the raise of coagulant
concentration level has positive ions. The positive and negative ions depict the effect
and response of variable concentration, water supply, and pump stroke as shown in



Fig. 3 below. The plot effect of S/N ratio is in the optimum process of parameter
design of mixing process at the various concentration level.

The Fig. should be in one piece

Main Effects Plot for Means
Data Means

Conc. PAC (%) Water Supply (It/sec) Pump Stroke (%)

Mean of Means
»

Response Table for Means

Conc. Water Pump
Level PAC Supply Stroke
1 4793 4775 4.813
2 4877 4.900 4.782
3 4775 4.848 4.868
4 4865 4.787 4.848
Delta 0.102 0.125 0.085
Rank 2 1 3

Fig 3. Main effect and resoonse table variable conc PAC, water supply, pump
stroke



Parameter setting conducted in mixing process, as shown in Fig. 4 below, shows
that the turbidity value of water supply is above 5 NTU (nephelometric turbidity
unit) - which is the standard value for clean water. With the medium level of
concentration (11 to 15 ppm), it in shown that the decrease of turbidity value is at
the range of 4 — 5 NTU at pH 7.1. The turbidity value of water supply and mixing
process can also be seen in contour plot, Figure 5 which presents the dispersion of
turbidity value with a more detailed range system in the position of turbidity value
at each change of PAC concentration.

Turbidity Water Supply and
Process Mixing

6 \“‘J\j\’\/\\/\»/\.—/\—v\/

W—MN

[e¢]

N b

Level of Turbidity

o

1 357 9 1113151719212325272931333537394143454749
Sample of Turbidity

e Turbidity Water Supply =~ === Turbidity Process Mixing

Fig 4. Level turbidity water supply and turbidity mixing process

Turbidity water supply vs Turbidity process mixing
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|l 465 - 4.80
] > 4.80
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41 4.2 4.3 44 45 4.6 4.7 4.8
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Fig. 5. Contour plot turbidity water supply and turbidity mixing process

Turbidity level of water supply is averagely 5,8 NTU and the reduce of turbidity
of mixing process is averagely 4.5 NTU as the addition of medium level in coagulant
concentration, but the fluctuation approximates the normal distribution as shown in
Fig. 6 below. The variation of turbidity of water supply is influenced by the condition
of downstream river, weather and environment of the forest. Meanwhile, the
decrease of turbidity in the mixing process is due to the coagulant setting process.
As the ppm coagulant is getting higher, the turbidity would reduce until reaching the
optimum concentration level at the medium level in the condition of water supply
which is of 5-7 NTU.

Probability Plot of Turbidity Water Supply Probability Plot of Turbidity Process Mixing

Normal Normal

Mean  5.826
StDev 04561
N 50 95
AD 0793
P-Value 0037 90

Mean 4559
StDev 01802
N 50
AD 0227
P-Value 0805

Percent

50 55 60 65 70 40 42 44 46 48 50
Turbidity Water Supply Turbidity Process Mixing

Sign by example:
Fig. 2. The main signature: a—.....;b—........
Fig. 6. Normality turbidity water supply and process mixing

By looking at the fluctuation of water supply turbidity and mixing process, the
model of mixing process can be predicted at the medium level of 14 and 15 ppm



coagulant. Averagely, the model of prediction of mixing process collects the
maximum at medium level which is 15 for the condition of 5-7 NTU.

Optimum process mixing =
15 % ppm conc. PAC + 15 It/sec + 15 % pump stroke

Optimal model can be decreased or increased fluctuatively at each 2 point range
change of turbidity, for instance 5-7 NTU, 7-9 NTU, and so on. For the more detail,
every change of ppm concentration, water supply and pump stroke can be seen in
Fig. 7 below. At the position of medium level, it can be seen that the turbidity value
of mixing process is at 4.8 NTU and 4.9 NTU which are close to the health standard.
The higher % ppm of PAC causes the turibidity to decrease and the water color turn
to transparent. The effect of over PAC would not be harmful for human body but
with a continuous excessive dosage in a long time, it would cause side effect in form
of toxin within human body.

Concentration PAC vs Turbidity

30 2525 25 25 25
25 20 20 20 20 20
20 15 15 15 15 15

15 10 10 10 10 10
10

Optimal process mixing

Concentration (ppm)

12 3 4 5 6 78 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

@ CoNc. PAC (% ppm) 5 5 5 5 5 1010 10 10 10 15 15 15 1515 20 20 20 20 20 25 25 25 25 25
Turbidity Water Supply 6.87.26.97.3726.774747374716.97.26.66.769737.26.86.67.071736.87.2

e TUrbidity process mixing 6.4 6.6 5.5 5.8 5554 535.3525349484849494342444243 4 3939 4 39
e Standart (max 5) 5555555555555 55555555555 5

Turbidity standart

Fig. 7. The variation of PAC concentration at each level

Each change of PAC concentration level causes the change of water turbidity
value, colloid behavior and floc formation in mixing process. Coagulant
characteristic whose charge is positive ion would attract negatively charged colloid
that is often called as the effect of Van der Waals’ attractive force. A proper addition
of coagulant concentration would reduce the zeta potential repulsive force in the
colloid, thus there is more positive ions than negative ions which causes faster floc
formation process. With sedimentation process and flock filterization, it would



gravitationally percipate at the bottom surface to furthermore be thrown away since
the sedimentation is known as waste in the industry of clean water.

Before the Fig. should be a link to the Fig. (in the same section)

Split into 6 separate figures, signing them with the text a, b, c, d...

each of the subpictures should be a separate picture

Sign by example:

Fig. 2. The main signature: a—.....; b —........

Fig. 8. SEM image of flock or colloid (arrow sign) turbidity < 5 NTU after
being mixed with coagulant (PAC): 5 % ppm, (b) 10 % ppm, (c) 15 % ppm, (d) 20 %
ppm, (e,f) 25 % ppm

ENDING THE SECTION BY THE FIGURE IS INCORRECTLY, NEED
AN ANY INTERPRETATION

6. Discussion of results

Build a section according to this scheme:



1. The answer to the question, what explains the results.

2. What are the features of the proposed method and the results obtained in
comparison with existing

3. What are the limitations of this study?

4. What disadvantages of this study can be noted and how can they be
eliminated in the future.

5. What can be the development of this research and what difficulties
(mathematical, experimental or any other kind) can be encountered

In mixing process, each variation of water supply, ppm PAC and % pump
stroke would be influential at turbidity level due to the addition of coagulant that
would attract negative ion into flock. With the increase of coagulant and pump stroke
in the form of pump velocity in rpm, it would fasten the process of floc formation.
Figure 8a represents the big grain-sized flocs in which thus the effect of Van der
Waals’ force is visible. The great attractive force from coagulant would fasten the
floc formation. To observe the Brownian motion, which is in form of zig-zag line or
dash line, the portrayal of molecular kinectic flocs in Figure 8b requires a camera
magnification of 1200 with the type of SEM digital. In Figure 8c, the distance among
flocs is getting bigger due to the addition of rpm, then the particle flies slowly to the
bottom in groups following the gravitation principle. Moreover, in Figure 8d, flocs
start to percipate downward closing by the plat basis together with coagulation and
flocculation. In Figure 8e, colloid and flocs are not visible since the pump rpm of
mixing process is of 20 % and 25 % rpm at high level. It can be seen that the small
visible flocs are closing by the big floc gap filled by liquid space where viscosity is
smaller hence following the big floc pattern by clinging and uniting into big flocs
continuously. Meanwhile, in Figure 8f, the group of flocs is visible until the basic
plat with bigger grain and percipates covering almost the whole surface of the basic
plat.

7. Conclusions number of objectives=number of conclusions

In this section, describe in the conclusions the solution of the tasks that you set
for yourself in section 3, but do not repeat the problems literally - this should be a
description of the solutions of the problems.

As a result of the research:

1. ... with indication of qualitative or quantitative indicators of research results



2. ... with indication of qualitative or quantitative indicators of research results
3. ... with an indication of qualitative or quantitative indicators of research
results
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Comments continued:

CHARACTERISTICS OF RAW WATER SOURCES AND ANALYSIS OF
THE OPTIMAL MODEL OF THE MIXING PROCESS WITH PARAMETER
DESIGN IN CLEAN WATER PUMP INSTALLATIONS

By improving the mixing process with various variations to get the optimum
setting. With Taguchi's approach to lowering turbidity, accelerates the formation of
floating flocks during the mixing process. The coagulation process aims to reduce
turbidity, color and odor through a chemical process used to remove colloidal
particles that can disturb the environment. Colloidal particles cannot settle, there
must be a suitable coagulant such as PAC to destabilize the particles so that
microflocs are formed. [2-7]

All sources of information used should be cited in the text of the article, in
order, for example 1 to 10

In the mixing process at the pump installation, it is necessary to set the
appropriate parameters to reduce the level of turbidity before and after the mixing
process with variations in the addition of coagulant. Optimal settings will be
obtained in this process, a positively charged coagulant is used to attract negatively
charged colloid particles as a flock which will settle to the bottom of the channel,
the behavior of the coagulant that catches floating colloid particles is observed and
a scanning electron microscope (SEM) is performed to determine the dimensions of
the flock grains. the result of the deposition process of mixing with various content
of its compounds.

The contribution of this research is to get the turbidity level before and after the
mixing process, the optimal parameter setting model to reduce the turbidity level and
to observe and investigate the behavior of flock process in the mixing process.

2. Literature review and problem statement

Use 7-10 references to the literature, each of the used sources should be
accompanied by a comment (at least one sentence)

Mixing process with various variations to get optimal setting with parameter
setting approach to reduce turbidity level and observe flock behavior that floats
during the process. In this mixing process, the coagulation process occurs, aiming to
reduce turbidity, color and smell which is through chemical process used to remove



colloidal particles that can interfere with the environment [1, 2]. There should be a
critical analysis of each source These colloidal particles cannot settle on their own
and are difficult to handle physically, the addition of PAC coagulant destabilizes the
particles to form microflocs [3]. The microflocs then agglomerate into macroflocs
which can be deposited through the flocculation process. The coagulation process is
time dependent and slow stirring in water. Generally, the flocculation period occurs
for 10-30 minutes after the coagulation process [4]. The faster the mixing time, the
larger the floc formed with the characteristics of the raw water source, stirring
conditions, flocculation time, selected coagulant, and variations in the addition of
coagulation consentration will affect the performance of coagulation [5, 6]. There
should be a critical analysis of each source

In this clean water treatment plant, the water supply is from a river with a high
turbidity above 5 NTU, so it is necessary to add an appropriate coagulant process to
reduce turbidity and waste [7]. Many researchers use the addition of conventional
coagulant variations with the Jartest method carried out in the process of decreasing
turbidity [8], to find out the estimated coagulant dose is also carried out using genetic
algorithms and artificial neural network methods to find approaches between water
quality parameters and coagulant doses that are more efficient and effective.
economical [9]. However, it is necessary to propose an improvement method to
design the quality of the clean siren from the beginning with parameter settings that
adopt the Taguchi method [10], the green approach to the mixing process at various
levels of turbidity by paying attention to waste reduction and minimization [11, 12].
There should be a critical analysis of each source For local Indonesia, the raw
water source from the river is different from other countries with the same water
source, because forest conditions and environmental factors in the upstream river
greatly affect the level of turbidity [13, 14]. There should be a critical analysis of
each source

Colloidal particles that are small and fine are generally negatively charged
because river water contains organic or inorganic compounds that cannot be
removed by ordinary sedimentation. PAC as a drinking water purification coagulant
has a good speed in forming new flocs in the process of mixing clean water. As a
basic element, aluminum forms repeating units in long molecular chains which have
a high positive charge and large molecular weight and can reduce flocs in purified
water even in certain doses [15]. Thus PAC combines neutralization and the ability
to bridge flock particles so that coagulation takes place more efficiently [16]. PAC
can easily neutralize the electric charge on the flock surface and can overcome and
reduce the electrostatic repulsion between particles to as small as possible, thus
allowing the flock to approach each other (covalent attractive forces) and form larger



masses [17, 18].

For scenarios of environmentally friendly conditions as a form of sustainable
use, natural resources are preserved by taking into account the hydrological cycle of
water resources [19, 20], water quality is strongly influenced by the condition of the
river upstream, either organic or inorganic, waste. There are several scenarios to
make water available for downstream industrial inputs such as drinking water needs.
However, the quality of drinking water needed must be feasible for consumers by
reducing disinfectants which are waste. there are several decision-making criteria to
reduce the waste, among others, paying attention to the processing / treatment.

4. Materials and methods

The dosing pump is designed to drain the PAC coagulant flow fluid into the
water fluid. This pump generates a coagulant flow rate by the mixing method set
from the valve to deliver the liquid PAC discharge into the dosed reservoir. This
pump is very helpful in the process of mixing clean water treatment for coagulant
variations which are controlled internally to vary the flow rate and dosage amount.

Taguchi's method is used for parameter setting and integration of the most
influential waste output to improve the quality of clean water products, reduce
turbidity levels with variations in coagolan doses, optimal mixing process. The target
of this method is to make clean water products less sensitive to noise, so it is called
a robust design.[26] like the concept below:

4. 1. The turbidity characteristics of water before and after the mixing
process, with the experimental design of the raw water mixing process (turbidity)
such as 5 It/sec, 10 It/sec, 15 It/sec, 20 It/sec and 25 It/sec and % PAC concentration
5 ppm, 10 ppm, 15 ppm, 20 ppm and 25 ppm with a pump stroke installation of 5 %,
10 %, 15 %, 20 % and 25 %.

5. By the parameter settings above, the optimal parameter settings are
obtained to reduce the level of turbidity.
6. Observing and identifying the behavior of floating flocks to

sedimentation for SEM



Concentration PAC vs Turbidity
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Fig. 7. The variation of PAC concentration at each level
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ANY INTERPRETATION

Sign by example:

Fig. 2. The main signature: a—.....; b—........

Fig. 8. SEM image of flock (arrow sign) turbidity <5 NTU after being mixed with



coagulant (PAC): 5 % ppm, (b) 10 % ppm, (c) 15 % ppm, (d) 20 % ppm, (e,f) 25 %
ppm
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CHARACTERISTICS OF RAW WATER SOURCES AND
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To investigate and find the quality characteristics of raw water
sources in the regional integrated drinking water supply system (SPAM)
of Banjarbakula to maintain the supply of drinking water quantity and
quality in accordance with drinking water standards. Selection and
determination of the optimum model for the mixing process of raw water
and poly aluminum chloride (PAC) and pump stroke for input of water
sources from rivers to obtain a composition setting that is in accordance
with the raw water sources of each region in the region. So that it is known
the optimum parameter setting model between alum water, raw water and
pump stroke for each raw water source and is regionally integrated as a
result of a comprehensive study. The integration of Taguchi parameter
design and response surface can complement each other and become two
methods that go hand in hand in the process of optimizing clean water
products. Parameter design provides a very practical optimization step,
the basis for this formation refers to the factorial fractional experimental
design. However, the absence of statistical assumptions that follow the
stages of analysis makes this method widely chosen by researchers and
practitioners. With the experimental design of the raw water mixing
process (turbidity) such as 5 It/sec, 10 lt/sec, 15 It/sec, 20 It/sec and 25
It/sec and % PAC concentration 5 ppm, 10 ppm, 15 ppm, 20 ppm and 25
ppm with a pump stroke installation of 5 %, 10 %, 15 %, 20 % and 25 %.
In the process of adding PAC, always pay attention and observe the
behavior of the attractive force of the floating particles (flock). The
particles were then subjected to SEM (scanning electron microscope) to
determine the dimensions of the flock grains deposited

Keywords: characteristics, parameters, setting, supply, turbidity,
mixing, concentration, pump, behavior, clean water

All sources of information used should be cited in the text of the
article, in order, for example 1 to 10

1. Introduction

The need for raw water (water supply) is very necessary to ensure
availability for the clean water treatment process. With good raw water
quality, it describes good natural conditions, so it needs to be maintained
to maintain quantity and continuity. Good and sufficient raw water is the



hope of the clean water industry and society as consumers for a healthier
life. However, the processing process is important so that the quality is
always maintained with raw water conditions that vary in quality. It is
everyone's effort to use efficient clean water to keep it always available,
because water is a basic need that must be maintained for survival.

The characteristics of raw water quality vary, because the source
comes from rivers with high turbidity levels above 5 NTU (nephelometric
turbidity unit), so a water treatment process is needed to reduce the
turbidity level. To meet the community's need for clean water that meets
health standards, an adequate supply of raw water is needed to maintain
the quality and availability for human life. Water sources from upstream
must be considered so that these resources are sustainable by taking into
account renewable environmental factors that are useful for other
activities such as the use of other energy resources.

The quality of raw water decreases because it is caused by household
activities, soil pollution, water pollution, logging activities and plantation
land clearing. In addition to the decrease in the quality of raw water, it also
causes an increase in temperature, sedimentation and organic content due
to the opening of new land for agriculture and plantations in the upstream
part of the river. The influence of activities upstream of the river causes
the quality of raw water to decrease which will be used as input for
processing into clean water. So that an integrated treatment process is
needed according to these conditions to get good quality clean water.

The clean water treatment process at the SPAM in the Banjarbakula
region continues to be carried out for each region, from the processing
installation only PDAM Bandarmasih which has a population of almost
200 thousand people which has been served by 99 % of the community.
While the City of Banjarbaru and Kab. Banjar until the end of 2020 with
the number of customers reaching 625,000 people with a service coverage
of around 80 %. Likewise Kab. Barito Kuala and Kab. Tanah Laut is still
below the national target, which is 68 % and the PBB MDGs (Millennium
Development Goals) target of 80 %.

Clean water treatment to reduce the level of turbidity from the water
supply, it is necessary to add an appropriate coagulant process to reduce it
according to clean water standards. To determine the estimated dose of



coagulant is also done by using a parameter design with a variety of
settings adopting the Taguchi method. For local Indonesia, the raw water
source is from the river, it is different from other countries with the same
water source, because forest conditions and environmental factors in the
upstream of the river greatly affect the level of turbidity.

By improving the mixing process with various variations to get the
optimum setting. With Taguchi's approach to lowering turbidity,
accelerates the formation of floating flocks during the mixing process. The
coagulation process aims to reduce turbidity, color and odor through a
chemical process used to remove colloidal particles that can disturb the
environment. Colloidal particles cannot settle, there must be a suitable
coagulant such as PAC to destabilize the particles so that microflocs are
formed. With the coagulation and flocculation processes in the clean water
treatment process with the main parameter setting lowering the turbidity
level, it will produce quality water according to health standards. [2-7].

In the mixing process at the pump installation, it is necessary to set
the appropriate parameters to reduce the level of turbidity before and after
the mixing process with variations in the addition of coagulant. Optimal
settings will be obtained in this process, a positively charged coagulant is
used to attract negatively charged colloid particles as a flock which will
settle to the bottom of the channel, the behavior of the coagulant that
catches floating colloid particles is observed and a scanning electron
microscope (SEM) is performed to determine the dimensions of the flock
grains. the result of the deposition process of mixing with various content
of its compounds.

The contribution of this research is to get the turbidity level before
and after the mixing process, the optimal parameter setting model to
reduce the turbidity level and to observe and investigate the behavior of
flock process in the mixing process.

2. Literature review and problem statement

Use 7-10 references to the literature, each of the used sources
should be accompanied by a comment (at least one sentence)

Mixing process with various variations to get optimal setting with
parameter setting approach to reduce turbidity level and observe flock
behavior that floats during the process. In this mixing process, the



coagulation process occurs, aiming to reduce turbidity, color and smell
which is through chemical process used to remove colloidal particles that
can interfere with the environment. Parameter setting is the main factor in
the mixing process to get good quality, but it is necessary to use a network
system to detect waste water in the water supply [1], assessment of the
quality of water sources from rivers is always evaluated and the value of
turbidity and sediment aspects [2] [1, 2]. There should be a critical
analysis of each source These colloidal particles cannot settle on their
own and are difficult to handle physically, the addition of PAC coagulant
destabilizes the particles to form microflocs [3]. The microflocs then
agglomerate into macroflocs which can be deposited through the
flocculation process. The coagulation process is time dependent and slow
stirring in water. Generally, the flocculation period occurs for 10-30
minutes after the coagulation process [4]. The faster the mixing time, the
larger the floc formed with the characteristics of the raw water source,
stirring conditions, flocculation time, selected coagulant, and variations in
the addition of coagulation consentration will affect the performance of
coagulation. The fast stirring process in the ink industry is faster to reduce
and reduce waste water [5], while the beverage industry pays attention to
the decrease in sediment by setting ppm coagulant [6]. [5, 6]. There
should be a critical analysis of each source

In this clean water treatment plant, the water supply is from a river
with a high turbidity above 5 NTU, so it is necessary to add an appropriate
coagulant process to reduce turbidity and waste [7]. Many researchers use
the addition of conventional coagulant variations with the Jartest method
carried out in the process of decreasing turbidity [8], to find out the
estimated coagulant dose is also carried out using genetic algorithms and
artificial neural network methods to find approaches between water
quality parameters and coagulant doses that are more efficient and
effective. economical [9]. However, it is necessary to propose an
improvement method to design the quality of the clean siren from the
beginning with parameter settings that adopt the Taguchi method [10], the
green approach to the mixing process at various levels of turbidity by
paying attention to waste reduction and minimization. The use of chitosan
is useful in reducing waste water and color from industry [11], but for
water sources from rivers because organic is used other coagulants such
as PAC [12].[11, 12]. There should be a critical analysis of each source
For local Indonesia, the raw water source from the river is different from



other countries with the same water source, because forest conditions and
environmental factors in the upstream river greatly affect the level of
turbidity. The choice of coagulant is different for each water supply from
rivers or other water sources, with the jartest technique can reduce
turbidity, but the use of PAC is even faster in the mixing process [13], with
chitosan on coagulation and flocculation reduces color at pH below 5,
while river water tends to be above 5 [14] [13, 14]. There should be a
critical analysis of each source

Colloidal particles that are small and fine are generally negatively
charged because river water contains organic or inorganic compounds that
cannot be removed by ordinary sedimentation. PAC as a drinking water
purification coagulant has a good speed in forming new flocs in the
process of mixing clean water. As a basic element, aluminum forms
repeating units in long molecular chains which have a high positive charge
and large molecular weight and can reduce flocs in purified water even in
certain doses [15]. Thus PAC combines neutralization and the ability to
bridge flock particles so that coagulation takes place more efficiently [16].
PAC can easily neutralize the electric charge on the flock surface and can
overcome and reduce the electrostatic repulsion between particles to as
small as possible, thus allowing the flock to approach each other (covalent
attractive forces) and form larger masses. PAC selection coagulants can
reduce floating flocks in the water supply from rivers, and accelerate
sedimentation and reduce waste water non oily from clean water treatment
to customers [17], with the use of PAC above 10 ppm it can reduce waste
water rather than the use of ultraviolet and chlorine disinfectants [18].
[17, 18].

For scenarios of environmentally friendly conditions as a form of
sustainable use, natural resources are preserved by taking into account the
hydrological cycle of water resources. The use of water resources,
especially those from rivers, is very high and worrying, the availability of
water supply and its safety is approaching the gray zone and continues to
increase, with factor analysis contributing to urban water management
[19]. By using fuzzy and TOPSIS can provide information on the
availability and contribution of options for the use of water resources [20],
[19, 20], water quality is strongly influenced by the condition of the river
upstream, either organic or inorganic, waste. There are several scenarios
to make water available for downstream industrial inputs such as drinking
water needs. However, the quality of drinking water needed must be



feasible for consumers by reducing disinfectants which are waste. there
are several decision-making criteria to reduce the waste, among others,
paying attention to the processing/treatment.
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Fig. 2. The main signature: a—.....; b —........



Fig. 5. Normality turbidity: a- water supply; b- process mixing
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DESIGN IN CLEAN WATER PUMP INSTALLATIONS

Mastiadi Tamjidillah, Muhammad Nizar Ramadhan, Muhammad Farouk
Setiawan, Jerry Iberahim

The conceptual development of the model structure based on the setting of
clean water parameters and the optimization model for the mixing process can be
seen in Fig. 1 below.
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(process
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Fig. 1. Setting parameter model in process mixing
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AutoCAD, cdr for CoreIDRAW etc) and print your figure to pdf (use File->Print of
[ctrl]+[P] for it). Then resave pdf to tiff using Photoshop or another editor (be sure
that resolution at least 300 dpi). Send me this and original files.

Correct "time roman 14 in figure, this file original

In parameter setting there is coagulation to remove and separate colloidal
particles from natural organic minerals such as mud. These colloidal particles cannot
settle naturally having a diameter of less than 1 mm causing color and turbidity. In
Fig. 2 below, it can be seen that section 3 is the mixing process for the PAC variation
to reduce the level of turbidity, to observe the behavior of the floating flock in section
4 there is an attractive force that tends to form aggregates while the repulsive force
causes a stable colloidal dispersion.
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Turbidity level of water supply is averagely 5,8 NTU and the reduce of turbidity
of mixing process is averagely 4.5 NTU as the addition of medium level in coagulant
concentration, but the fluctuation approximates the normal distribution as shown in
Fig. 5 below.
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Fig. 5. Normality turbidity: a — water supply; b — process mixing
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Fig. 5. The variation of turbidity of water supply is influenced by the condition
of downstream river, weather and environment of the forest (a) and the decrease of
turbidity in the mixing process is due to the coagulant setting process (b). As the ppm
coagulant is getting higher, the turbidity would reduce until reaching the optimum
concentration level at the medium level in the condition of water supply which is of
5-7 NTU.

5. 2.
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Fig. 8. SEM image of flock: a -5 % ppm; b — 10 % ppm; ¢ — 15 % ppm; d —
20 % ppm; e — 25 % ppm
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Moreover, in Fig. 8, ¢, flocs start to percipate downward closing by the plat
basis together with coagulation and flocculation. In Fig. 8, d, colloid and flocs are
not visible since the pump rpm of mixing process is of 20 % and 25 % rpm at high
level. It can be seen that the small visible flocs are closing by the big floc gap filled
by liquid space where viscosity is smaller hence following the big floc pattern by
clinging and uniting into big flocs continuously. Meanwhile, in Fig. 8, e, the group
of flocs is visible until the basic plat with bigger grain and percipates covering almost
the whole surface of the basic plat.
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CHARACTERISTICS OF RAW WATER SOURCES AND ANALYSIS OF
THE OPTIMAL MODEL OF THE MIXING PROCESS WITH PARAMETER
DESIGN IN CLEAN WATER PUMP INSTALLATIONS

Mastiadi Tamjidillah, Muhammad Nizar Ramadhan, Muhammad Farouk
Setiawan, Jerry Iberahim

To investigate and find the quality characteristics of raw water sources in the
regional integrated drinking water supply system (SPAM) of Banjarbakula to
maintain the supply of drinking water quantity and quality in accordance with
drinking water standards. Selection and determination of the optimum model for the
mixing process of raw water and poly aluminum chloride (PAC) and pump stroke
for input of water sources from rivers to obtain a composition setting that is in
accordance with the raw water sources of each region in the region. So that it is
known the optimum parameter setting model between alum water, raw water and
pump stroke for each raw water source and is regionally integrated as a result of a
comprehensive study. The integration of Taguchi parameter design and response
surface can complement each other and become two methods that go hand in hand
in the process of optimizing clean water products. Parameter design provides a very
practical optimization step, the basis for this formation refers to the factorial
fractional experimental design. However, the absence of statistical assumptions that
follow the stages of analysis makes this method widely chosen by researchers and
practitioners. With the experimental design of the raw water mixing process
(turbidity) such as 5 It/sec, 10 It/sec, 15 It/sec, 20 It/sec and 25 It/sec and % PAC
concentration 5 ppm, 10 ppm, 15 ppm, 20 ppm and 25 ppm with a pump stroke
installation of 5 %, 10 %, 15 %, 20 % and 25 %. In the process of adding PAC,
always pay attention and observe the behavior of the attractive force of the floating
particles (flock). The particles were then subjected to SEM (scanning electron
microscope) to determine the dimensions of the flock grains deposited

Keywords: characteristics, parameters, setting, supply, turbidity, mixing,
concentration, pump, behavior, clean water

1. Introduction



The need for raw water (water supply) is very necessary to ensure availability
for the clean water treatment process. With good raw water quality, it describes good
natural conditions, so it needs to be maintained to maintain quantity and continuity.
Good and sufficient raw water is the hope of the clean water industry and society as
consumers for a healthier life. However, the processing process is important so that
the quality is always maintained with raw water conditions that vary in quality. It is
everyone's effort to use efficient clean water to keep it always available, because
water is a basic need that must be maintained for survival.

The characteristics of raw water quality vary, because the source comes from
rivers with high turbidity levels above 5 NTU (nephelometric turbidity unit), so a
water treatment process is needed to reduce the turbidity level. To meet the
community's need for clean water that meets health standards, an adequate supply of
raw water is needed to maintain the quality and availability for human life. Water
sources from upstream must be considered so that these resources are sustainable by
taking into account renewable environmental factors that are useful for other
activities such as the use of other energy resources.

The quality of raw water decreases because it is caused by household activities,
soil pollution, water pollution, logging activities and plantation land clearing. In
addition to the decrease in the quality of raw water, it also causes an increase in
temperature, sedimentation and organic content due to the opening of new land for
agriculture and plantations in the upstream part of the river. The influence of
activities upstream of the river causes the quality of raw water to decrease which
will be used as input for processing into clean water. So that an integrated treatment
process is needed according to these conditions to get good quality clean water.

The clean water treatment process at the SPAM in the Banjarbakula region
continues to be carried out for each region, from the processing installation only
PDAM Bandarmasih which has a population of almost 200 thousand people which
has been served by 99 % of the community. While the City of Banjarbaru and Kab.
Banjar until the end of 2020 with the number of customers reaching 625,000 people
with a service coverage of around 80 %. Likewise Kab. Barito Kuala and Kab. Tanah
Laut is still below the national target, which is 68 % and the PBB MDGs
(Millennium Development Goals) target of 80 %.

Clean water treatment to reduce the level of turbidity from the water supply, it
IS necessary to add an appropriate coagulant process to reduce it according to clean
water standards. To determine the estimated dose of coagulant is also done by using



a parameter design with a variety of settings adopting the Taguchi method. For local
Indonesia, the raw water source is from the river, it is different from other countries
with the same water source, because forest conditions and environmental factors in
the upstream of the river greatly affect the level of turbidity.

By improving the mixing process with various variations to get the optimum
setting. With Taguchi's approach to lowering turbidity, accelerates the formation of
floating flocks during the mixing process. The coagulation process aims to reduce
turbidity, color and odor through a chemical process used to remove colloidal
particles that can disturb the environment. Colloidal particles cannot settle, there
must be a suitable coagulant such as PAC to destabilize the particles so that
microflocs are formed. With the coagulation and flocculation processes in the clean
water treatment process with the main parameter setting lowering the turbidity level,
it will produce quality water according to health standards.

In the mixing process at the pump installation, it is necessary to set the
appropriate parameters to reduce the level of turbidity before and after the mixing
process with variations in the addition of coagulant. Optimal settings will be
obtained in this process, a positively charged coagulant is used to attract negatively
charged colloid particles as a flock which will settle to the bottom of the channel,
the behavior of the coagulant that catches floating colloid particles is observed and
a scanning electron microscope (SEM) is performed to determine the dimensions of
the flock grains. the result of the deposition process of mixing with various content
of its compounds.

Therefore, the clean water treatment process in the WTP (water treatment plant)
used for the community and the beverage industry is in accordance with health
standards. The characteristics of the input water supply are the basis for determining
the selection of coagulant, the input is influenced by organic, inorganic, industrial
waste that has not been maximized by implementing waste processing installations
in the form of smelly, hazardous and toxic waste. If the water supply is affected by
a large amount of organic waste from tropical forests so that the decrease in water
quality is caused by high turbidity, then a coagulant is needed that can catch floating
flocks before gravity takes the form of sedimentation.

2. Literature review and problem statement

In the process of mixing with water supply which is influenced by organic
waste predominantly with high turbidity, it is also necessary to improve the
condition of the forest and the environment upstream. This condition affects the
quality of the input water supply, so that appropriate parameter settings are needed
in the processing process. Parameter setting is the main factor in the mixing process



to get good quality, it is necessary to use a network system to detect organic waste
in raw water supply [1], assessment of the quality of water sources from rivers is
always evaluated and the value of turbidity and sediment aspects [2] These colloidal
particles cannot settle on their own and are difficult to handle physically, the addition
of PAC coagulant destabilizes the particles to form microflocs [3]. The microflocs
then agglomerate into macroflocs which can be deposited through the flocculation
process. The coagulation process is time dependent and slow stirring in water.
Generally, the flocculation period occurs for 10-30 minutes after the coagulation
process [4]. The faster the mixing time, the larger the floc formed with the
characteristics of the raw water source, stirring conditions, flocculation time,
selected coagulant, and variations in the addition of coagulation consentration will
affect the performance of coagulation. The fast stirring process in the ink industry is
faster to reduce and reduce waste water [5], while the beverage industry pays
attention to the decrease in sediment by setting ppm coagulant [6].

In this clean water treatment plant, the water supply is from a river with a high
turbidity above 5 NTU, so it is necessary to add an appropriate coagulant process to
reduce turbidity and waste [7]. Many researchers use the addition of conventional
coagulant variations with the Jartest method which is carried out in the process of
reducing turbidity [8], but it has not been fast and effective to reduce turbidity at 5—
10 NTU levels, as well as using genetic algorithm approaches and artificial neural
network methods to find an approach mathematical model is still debatable solution
[9]. So it is necessary to propose an improvement in the quality of clean water from
the start (off-line quality) with parameter settings that adopt the Taguchi method
[10], with a green approach to the mixing process at various levels of turbidity by
reducing floating organic waste. The use of chitosan is useful in reducing waste
water and color from industry [11], but for water sources from rivers because organic
Is used other coagulants such as PAC [12]. For local Indonesia, the raw water source
from the river is different from other countries with the same water source, because
forest conditions and environmental factors in the upstream river greatly affect the
level of turbidity. The choice of coagulant is different for each water supply from
rivers or other water sources, with the jartest technique can reduce turbidity, but the
use of PAC is even faster in the mixing process [13], with chitosan on coagulation
and flocculation reduces color at pH below 5, while river water tends to be above 5
[14].

Colloidal particles that are small and fine are generally negatively charged
because river water contains organic or inorganic compounds that cannot be
removed by ordinary sedimentation. PAC as a drinking water purification coagulant
has a good speed in forming new flocs in the process of mixing clean water. As a



basic element, aluminum forms repeating units in long molecular chains which have
a high positive charge and large molecular weight and can reduce flocs in purified
water even in certain doses [15]. Thus PAC combines neutralization and the ability
to bridge flock particles so that coagulation takes place more efficiently [16]. PAC
can easily neutralize the electric charge on the flock surface and can overcome and
reduce the electrostatic repulsion between particles to as small as possible, thus
allowing the flock to approach each other (covalent attractive forces) and form larger
masses. PAC selection coagulants can reduce floating flocks in the water supply
from rivers, and accelerate sedimentation and reduce waste water non oily from
clean water treatment to customers [17], with the use of PAC above 10 ppm it can
reduce waste water rather than the use of ultraviolet and chlorine disinfectants [18].

For scenarios of environmentally friendly conditions as a form of sustainable
use, natural resources are preserved by taking into account the hydrological cycle of
water resources. The use of water resources, especially those from rivers, is very
high and worrying, the availability of water supply and its safety is approaching the
gray zone and continues to increase, with factor analysis contributing to urban water
management [19]. By using fuzzy and TOPSIS can provide information on the
availability and contribution of options for the use of water resources [20], water
quality is strongly influenced by the condition of the river upstream, either organic
or inorganic, waste. There are several scenarios to make water available for
downstream industrial inputs such as drinking water needs. However, the quality of
drinking water needed must be feasible for consumers by reducing disinfectants
which are waste. there are several decision-making criteria to reduce the waste,
among others, paying attention to the processing/treatment.

The quality characteristics have been widely studied, both in the manufacturing
industry, the water industry and the chemical industry, in the opinion that water
sources from upstream must be considered so that the availability and quality of
water is better. However, this resource must be sustainable by taking into account
renewable environmental factors that are useful for other activities such as the use
of other energy resources, the quantity factor must be considered to ensure the
availability of raw water [21].

Research on the relationship between raw water quality parameters, chlorine
requirements and disinfectant content of drinking water has been carried out [22].
The use of appropriate chlorine will minimize disinfectants so that the quality of
drinking water supplied to customers will be maintained according to standards. The
model obtained for clean/drinking water treatment conditions in Malaysia shows that
there is a relationship between the need for chlorine to reduce disinfectants and



improve product quality, the parameters of raw water content also affect the final
product and require treatment in its processing.

In the mixing process at the pump installation, it is necessary to set the
appropriate parameters to reduce the level of turbidity before and after the mixing
process with variations in the addition of coagulant. Optimal settings will be
obtained in this process, a positively charged coagulant is used to attract negatively
charged colloid particles as a flock which will settle to the bottom of the channel,
the behavior of the coagulant that catches floating colloid particles is observed and
a scanning electron microscope (SEM) is performed to determine the dimensions of
the flock grains. the result of the deposition process of mixing with various content
of its compounds.

With the condition of the input water supply characteristics in clean water
treatment, especially the mixing process segment to reduce the level of turbidity due
to organic waste, it is necessary to set parameters from the beginning before and
after the mixing process.

3. The aim and objectives of the study

The aim of this research is the optimal parameter setting model was obtained
to reduce the level of turbidity and investigate the behavior of floating flocks in the
mixing process.

To accomplish the set aim, the following tasks were set and identified:
— the turbidity characteristics of water before and after the mixing process;

— optimal parameter setting in the mixing process of PAC (coagulant), raw
water and pump stroke;

—to determine the behavior of the flow and floating flock, as well as to
determine the microstructure of the mixing process.

4. Materials and methods

Before the mixing process is required normality test and turbidity contour level
were used to test the data whether the data were normally distributed for the turbidity
parameter and information on the distribution of the data, while the counter
explained the position of the data distribution in sampling which was determined



about the raw water turbidity parameters and the turbidity of the mixing process. The
dosing pump is designed to drain the PAC coagulant flow fluid into the water fluid.
This pump generates a coagulant flow rate by the mixing method set from the valve
to deliver the liquid PAC discharge into the dosed reservoir. This pump is very
helpful in the process of mixing clean water treatment for coagulant variations which
are controlled internally to vary the flow rate and dosage amount.

Taguchi's method is used for parameter setting and integration of the most
influential waste output to improve the quality of clean water products, reduce
turbidity levels with variations in coagolan doses, optimal mixing process. The target
of this method is to make clean water products less sensitive to noise, so it is called
a robust design [26] like the concept below:

— the turbidity characteristics of water before and after the mixing process, with
the experimental design of the raw water mixing process (turbidity) such as 5 It/sec,
10 It/sec, 15 It/sec, 20 It/sec and 25 It/sec and % PAC concentration 5 ppm, 10 ppm,
15 ppm, 20 ppm and 25 ppm with a pump stroke installation of 5 %, 10 %, 15 %,
20 % and 25 %;

— by the parameter settings above, the optimal parameter settings are obtained
to reduce the level of turbidity;

— observing and identifying the behavior of floating flocks to sedimentation for
SEM.

According to [23], explained that the advantages of the Taguchi method
compared to other experimental designs are because it is more efficient in
experiments involving many factors but the number of experimental units required
is relatively small, the product is more consistent and less sensitive (robust) to
variability caused by factors that cannot be controlled (noise). The objective function
of the Taguchi method for a robust design that is resistant to noise is derived from
measuring product quality using a quadratic loss function in a broader definition to
produce an optimal design or parameter setting. Signal to ratio (SNR) in the
experimental design system of this method provides a comparison of quantitative
values for response variations to determine the optimum parameter settings.

The most important hope in the robust design of the Taguchi method, especially
parameter setting, is to examine the effect of variability on factors and experimental
levels using statistical tools as a tool. To help fully factorial large, time-consuming
and costly experiments, Taguchi suggests using orthogonal arrays (OA) to represent



the range of possible experiments. After conducting the experiment, all experimental
data were evaluated using analysis of variance (ANOVA) to determine the optimum
parameter settings [24, 25].

This method is to determine the factors that influence an optimum response
with its characteristics. The Smaller The Better (STB) quality characteristic indicates
that the smaller the characteristic parameter, the better the quality. Larger The Better
(LTB) indicates that the larger the characteristic parameter, the better the quality will
be, and the Nominal The Better (NTB) quality characteristic means that the quality
will be said to be getting better if it is close to the nominal (target) that has been set
through parameter design and response. for clean water with various concentrations
and levels [26, 27].

The conceptual development of the model structure based on the setting of
clean water parameters and the optimization model for the mixing process can be

seen in Fig. 1 below.

Conc. PAC (5, 10, 15, 20, 25 % ppm -

Water supply (5, 10, 15, 20, 25) It/sec
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Water Supply +

Fig. 1. Setting parameter model in process mixing

In parameter setting there is coagulation to remove and separate colloidal
particles from natural organic minerals such as mud. These colloidal particles cannot
settle naturally having a diameter of less than 1 mm causing color and turbidity. In
Fig. 2 below, it can be seen that section 3 is the mixing process for the PAC variation



to reduce the level of turbidity, to observe the behavior of the floating flock in section
4 there is an attractive force that tends to form aggregates while the repulsive force
causes a stable colloidal dispersion.
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Fig. 2. Research Installation

The Figure is of poor quality.

The fonts used in figures should match the font Times New Roman 14.

Please, send me an original files of your figure (doc for Word, xls for Excel,
dwg for AutoCAD, cdr for CoreIDRAW etc).

The water supply contained in section 1 is flowed to section (2) naturally
precipitated by gravity, flowing through a transparent glass channel which is dripped



with coagulant with the specified setting. The quality of clean water can be seen in
section (5, 6), then in the laboratory test to get the level of turbidity according to
health standards.

5. Research results of the characteristics of water quality in clean water
treatment plant

5. 1. The turbidity characteristics of water before and after the mixing
process

Parameter setting conducted in mixing process, as shown in Fig. 3 below,
shows that the turbidity value of water supply is above 5 NTU (nephelometric
turbidity unit) — which is the standard value for clean water. With the medium level
of concentration (11 to 15 ppm), it in shown that the decrease of turbidity value is at
the range of 4-5 NTU at pH 7.1. The turbidity value of water supply and mixing
process can also be seen in contour plot, Fig. 4 which presents the dispersion of
turbidity value with a more detailed range system in the position of turbidity value
at each change of PAC concentration.

Turbidity Water Supply and
Process Mixing
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Fig. 3. Level turbidity water supply and turbidity mixing process
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Turbidity level of water supply is averagely 5,8 NTU and the reduce of turbidity
of mixing process is averagely 4.5 NTU as the addition of medium level in coagulant
concentration, but the fluctuation approximates the normal distribution as shown in
Fig. 5 below.
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Fig. 5. The variation of turbidity of water supply is influenced by the condition
of downstream river, weather and environment of the forest (a) and the decrease of
turbidity in the mixing process is due to the coagulant setting process (b). As the ppm
coagulant is getting higher, the turbidity would reduce until reaching the optimum
concentration level at the medium level in the condition of water supply which is of
5-7 NTU.

5. 2. Optimal parameter setting in the mixing process of PAC (coagulant),
raw water and pump stroke

In the mixing process to decrease turbidity with the addition of coagulant
variations by setting the parameters of the Taguchi method with Low level (5-
10 ppm), medium level (11-15 ppm) and high level (16-20 ppm) as shown in
Table 1 below.

Table 1

Level factor

Parameter Code | Levell | Level2 | Level3 | Level 4
Conc.alum ( % ppm) A 5 10 15 20
Water Supply (It/sec) B 5 10 15 20
Pump stroke (%) C 15 20 25 30

The change of concentration level of PAC coagulant starts from low level,
medium level, and high level simultaneously with the setting of water supply and
pump stroke. The decrease of turbidity level seems better as the raise of coagulant
concentration level has positive ions. The positive and negative ions depict the effect
and response of variable concentration, water supply, and pump stroke as shown in
Fig. 6 and Table 2 below. The plot effect of S/N ratio is in the optimum process of
parameter design of mixing process at the various concentration level.
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Fig. 6. Response table variable conc PAC, water supply, pump stroke

Table 2

Main effect of process mixing

Level PAC Water Supply Pump stroke

1 4.793 4.775 4.813

2 4.877 4.900 4.782

3 4.775 4.848 4.868

4 4.865 4.787 4.848
Delta 0.102 0.125 0.085
Rank 2 1 3

By looking at the fluctuation of water supply turbidity and mixing process, the
model of mixing process can be predicted at the medium level of 14 and 15 ppm
coagulant. Averagely, the model of prediction of mixing process collects the
maximum at medium level which is 15 for the condition of 5-7 NTU.

Optimal process mixing=15 % ppm conc. PAC+15 lt/sec+15 % pump stroke.



Optimal model can be decreased or increased fluctuatively at each 2 point range
change of turbidity, for instance 5-7 NTU, 7-9 NTU, and so on. For the more detail,
every change of ppm concentration, water supply and pump stroke can be seen in
Fig. 7 below. At the position of medium level, it can be seen that the turbidity value
of mixing process is at 4.8 NTU and 4.9 NTU which are close to the health standard.
The higher % ppm of PAC causes the turibidity to decrease and the water color turn
to transparent. The effect of over PAC would not be harmful for human body but
with a continuous excessive dosage in a long time, it would cause side effect in form
of toxin within human body.
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Fig. 7. The variation of PAC concentration at each level

In Fig. 7 above, it can be seen that the concentration of % PAC at medium level
15 produces a turbidity level of 4.9, close to 5 NTU health standards, so that point
becomes optimal. If you add more PAC at levels 20 and 25 the clean water is close
to white color can be harmful to health if used continuously because of the effect of
high coagulant content.



5. 3. To determine the behavior of the flow and floating flock, as well as to
determine the microstructure of the mixing process

Each change of PAC concentration level causes the change of water turbidity
value, colloid behavior and floc formation in mixing process. Coagulant
characteristic whose charge is positive ion would attract negatively charged colloid
that is often called as the effect of Van der Waals’ attractive force. A proper addition
of coagulant concentration would reduce the zeta potential repulsive force in the
colloid, thus there is more positive ions than negative ions which causes faster floc
formation process. With sedimentation process and flock filterization, it would
gravitationally percipate at the bottom surface to furthermore be thrown away since
the sedimentation is known as waste in the industry of clean water.

In the mixing process, each variation of water supply, ppm PAC and % stroke
pump will affect the level of turbidity due to the addition of coagulant which will
attract negative ions into flock, with increasing coagulant and pump stroke in the
form of pump speed in rpm will accelerate the process of flock formation, Fig. 8a
presenting large flocks so that the effect of the van der Waals forces can still be seen,
a large attraction by the coagulant will accelerate flock formation.

With the increase of coagulant and pump stroke in the form of pump velocity
in rpm, it would fasten the process of floc formation. Fig. 8, a represents the big
grain-sized flocs in which thus the effect of Van der Waals’ force is visible. The great
attractive force from coagulant would fasten the floc formation. To observe the
Brownian motion, which is in form of zig-zag line or dash line, the portrayal of
molecular kinectic flocs requires a camera magnification of 1200 with the type of
SEM digital. In Fig. 8, b, the distance among flocs is getting bigger due to the
addition of rpm, then the particle flies slowly to the bottom in groups following the
gravitation principle.






Fig. 8. SEM image of flock: a — 5 % ppm; b — 10 % ppm; ¢ — 15 % ppm; d -
20 % ppm; e — 25 % ppm

The Figure is of poor quality.

Moreover, in Fig. 8, ¢, flocs start to percipate downward closing by the plat
basis together with coagulation and flocculation. In Fig. 8, d, colloid and flocs are
not visible since the pump rpm of mixing process is of 20 % and 25 % rpm at high
level. It can be seen that the small visible flocs are closing by the big floc gap filled
by liquid space where viscosity is smaller hence following the big floc pattern by
clinging and uniting into big flocs continuously. Meanwhile, in Fig. 8, e, the group
of flocs is visible until the basic plat with bigger grain and percipates covering almost
the whole surface of the basic plat.



6. Discussion of the research results of characteristics of raw water sources

In the mixing process by setting parameters with factors and levels to get the
optimal turbidity conditions of organic waste. The level of turbidity will affect the
addition of coagulant, the duration of the mixing process and the waste removed.
Thus, turbidity conditions and processing in the mixing process greatly affect the
quality of clean water. So we need a quality design from the start in the mixing
process to get clean water that is good, fast, economical, efficient and according to
consumer desires.

By setting the optimal parameters in the mixing process between % ppm PAC,
raw water (It/s) and % pump stroke. Levels and factors are carried out to obtain
results that are in accordance with research conditions or input water supply.
Changes in % PAC variation in the mixing process are used to see changes in the
decrease in turbidity parameters at each level. It can be seen that the mixing process
will reduce turbidity by adding variations in the coagulant setting parameters of low
level (5-10 ppm), medium level (11-15 ppm) and high level (16-20 ppm) for
quality improvement responses. As shown in Fig. 8, ¢ flock position is not visible in
floating conditions and the response of clean water quality increases with the
addition of coagulant, but gravitationally settles to the basic plate with a small
diameter and separates each grain.

The level of turbidity of the input water supply is influenced by upstream
conditions of the river, organic waste, erosion and a decrease in the quality of the
tropical forest environment. It is necessary to set the parameters from the beginning
to ensure the composition of the settings in the mixing process to reduce the level of
turbidity in the mixing process, the higher the ppm coagulant, the turbidity will
decrease until it reaches the optimal concentration level at the medium level at a
water supply condition of 5-7 NTU with a medium level of 14 and 15 ppm
coagulant. Addition of coagulant concentration gradually at medium level starting at
point 11-15 ppm (see Fig.7) at 57 NTU conditions (close to max=5 health
standard), gradually the floating flock gets smaller and settles to the basic plate like
sedimentation as shown in Fig. 8, d, e.

The characteristics of the input water supply as the starting point for selecting
parameter settings, because the quality of clean water for the community must be
ensured of quality, healthy according to health standards. Quality design is set from
the beginning of production in the mixing process segment. The new alternative
model proposed in the mixing process of % PAC, raw water and % pump stroke in



existing conditions exceeds the established health standard. A specific and integrated
processing process is required because of the high level of turbidity, using parameter
settings while reducing waste and flock with the principle of Green Taguchi.

The limitations of the proposed new model in the mixing process are related to
the condition of the research object, while the method is also limited in setting
parameters using experimental design principles in the early stages of setting. Have
not adopted another method to estimate coagulant dose, while the assumption used
Is that the parameter data is the same every day.

The limitation of this model is related to the resource capacity of the clean water
treatment section and the setting of additional equipment. So that a gradual change
Is needed, conventionally daily sampling in the mixing process describes the
parameters that affect water quality. Especially for water sources from rivers that are
specifically intruded by swamp water, the turbidity factor is the most influential
factor for setting parameters in the mixing process.

For the process of developing clean water treatment processes that are affected
by turbidity in river water sources, measurements of the level of turbidity are carried
out. This turbidity data is very important in the production process to carry out
complex experiments for daily data, but specifically for water sources from rivers
that are specifically intruded by swamp water, the turbidity factor is the most
influential.

7. Conclusions

1. The variation of turbidity of water supply is influenced by the condition of
downstream river and the decrease of turbidity in the mixing process is due to the
coagulant setting process. The turbidity would reduce until reaching the optimum
concentration level at the medium level in the condition of water supply which is of
5-7 NTU.

2. The decrease in turbidity level in the mixing process is due to changes in
parameter settings, the higher the ppm of coagulant, the turbidity will decrease until
it reaches the optimum concentration level at the medium level in raw water turbidity
conditions of 5-7 NTU.

3. In low level coagulants the attractive force between coagulant and floc is not
too large, but for medium and high level the attraction is stronger because of the



nature of the coagulant which has positive ions. On the other hand, the effect of
Brownian motion decreases with increasing % ppm of coagulant because the water
tends to be white. If the concentration of coagulant is added again, the floc will
decrease by gravity and accumulate to the bottom of the plate in the form of sediment
waste.
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The quality characteristics of raw water sources in the
regional integrated drinking water supply system (SPAM)
of Banjarbakula were investigated and found to main-
tain the supply of drinking water quantity and quality in
accordance with drinking water standards. The optimum
model for the mixing process of raw water and poly alumi-
num chloride (PAC) and pump stroke for the input of water
sources from rivers to obtain a composition setting that is
in accordance with the raw water sources of each region
in the region was selected and determined. So the optimum
parameter setting model between alum water, raw water
and pump stroke for each raw water source is known and
is regionally integrated as a result of a comprehensive
study. The integration of Taguchi parameter design and
response surface can complement each other and become
two methods that go hand in hand in the process of opti-
mizing clean water products. Parameter design provides a
very practical optimization step, the basis for this forma-
tion refers to the factorial fractional experimental design.
Howeuver, the absence of statistical assumptions that fol-
low the stages of analysis makes this method widely cho-
sen by researchers and practitioners. With the experi-
mental design of the raw water mixing process, turbidity
such as 5 lt/sec, 10 It/sec, 15 It/sec, 20 It /sec and 25 lt/sec
and % PAC concentration 5 ppm, 10 ppm, 15 ppm, 20 ppm
and 25 ppm with a pump installation stroke of 5 %, 10 %,
15 %, 20 % and 25 % were used. In the process of add-
ing PAC, always pay attention and observe the behav-
ior of the attractive force of the floating particles (flock).
The particles were then subjected to SEM (scanning elec-
tron microscopy) to determine the dimensions of the flock
grains deposited

Keywords: characteristics, parameters, setting, sup-
ply, turbidity, mixing, concentration, pump, behavior,
clean water
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1. Introduction

Raw water (water supply) is very necessary to ensure
availability for the clean water treatment process. Good raw
water quality describes good natural conditions, so it needs
to be maintained to maintain quantity and continuity. Good
and sufficient raw water is the hope of the clean water indus-
try and society as consumers for a healthier life. However, the
treatment process is important so that the quality is always
maintained with raw water conditions that vary in quality.
It is everyone’s effort to use clean water efficiently to keep it
always available, because water is a basic need that must be
maintained for survival.

The characteristics of raw water quality vary, because the
source comes from rivers with high turbidity levels above
5NTU (nephelometric turbidity unit), so a water treatment
process is needed to reduce the turbidity level. To meet the
community’s need for clean water that meets health stan-
dards, an adequate supply of raw water is needed to maintain
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the quality and availability for human life. Water sources
from upstream must be considered so that these resources are
sustainable by taking into account renewable environmental
factors that are useful for other activities such as the use of
other energy resources.

The quality of raw water decreases due to household
activities, soil pollution, water pollution, logging activities
and plantation land clearing. In addition to the decrease in
raw water quality, this also causes an increase in tempera-
ture, sedimentation and organic content due to the opening
of new land for agriculture and plantations in the upstream
part of the river. The influence of activities upstream of the
river causes the quality of raw water to decrease, which will
be used as input for processing into clean water. So that an
integrated treatment process is needed according to these
conditions to get good quality clean water.

The clean water treatment process at the SPAM in the
Banjarbakula region continues to be carried out for each
region, from the treatment installation only PDAM Bandar-




masih, which has a population of almost 200 thousand people,
which has been served by 99 % of the community. While the
City of Banjarbaru and Kab. Banjar until the end of 2020
with the number of customers reaching 625,000 people with a
service coverage of around 80 %. Likewise Kab. Barito Kuala
and Kab. Tanah Laut is still below the national target, which
is 68 % and the PBB MDGs (Millennium Development
Goals) target of 80 %.

In clean water treatment, to reduce the level of turbidity
from the water supply, it is necessary to add an appropriate
coagulant process to reduce it according to clean water stan-
dards. The dose of coagulant is determined using a param-
eter design with a variety of settings adopting the Taguchi
method. For local Indonesia, the raw water source is from
the river. It is different from other countries with the same
water source, because forest conditions and environmental
factors in the upstream of the river greatly affect the level of
turbidity.

By improving the mixing process with various variations
to get the optimum setting, the Taguchi’s approach to low-
ering turbidity accelerates the formation of floating flocks
during the mixing process. The coagulation process aims to
reduce turbidity, color and odor through a chemical process
used to remove colloidal particles that can disturb the envi-
ronment. Colloidal particles cannot settle, there must be a
suitable coagulant such as PAC to destabilize the particles so
that microflocs are formed. The coagulation and flocculation
processes in the clean water treatment process with the main
parameter setting lowering the turbidity level will produce
quality water according to health standards.

In the mixing process at the pump installation, it is nec-
essary to set appropriate parameters to reduce the level of
turbidity before and after the mixing process with variations
in coagulant addition. Optimal settings will be obtained in
this process. A positively charged coagulant is used to at-
tract negatively charged colloidal particles as a flock, which
will settle to the bottom of the channel. The behavior of the
coagulant that catches floating colloidal particles is observed
and scanning electron microscopy (SEM) is performed to
determine the dimensions of the flock grains. The results of
the deposition process of mixing with various contents of its
compounds are given.

Therefore, the clean water treatment process in the
WTP (water treatment plant) used for the community and
the beverage industry is in accordance with health standards.
The characteristics of the input water supply are the basis
for determining the selection of coagulant. The input is in-
fluenced by organic, inorganic, industrial waste that has not
been maximized by implementing waste treatment installa-
tions in the form of smelly, hazardous and toxic waste. If the
water supply is affected by a large amount of organic waste
from tropical forests so that the decrease in water quality
is caused by high turbidity, then a coagulant is needed that
can catch floating flocks before gravity takes the form of
sedimentation.

2. Literature review and problem statement

In the process of mixing with water supply, which is influ-
enced by organic waste predominantly with high turbidity, it
is also necessary to improve the condition of the forest and
the environment upstream. This condition affects the quality
of the input water supply, so appropriate parameter settings

are needed in the treatment process. Parameter setting is the
main factor in the mixing process to get good quality. It is
necessary to use a network system to detect organic waste in
raw water supply [1], assess the quality of water sources from
rivers and the value of turbidity and sediment aspects [2].
These colloidal particles cannot settle on their own and are
difficult to handle physically. The addition of PAC coagulant
destabilizes the particles to form microflocs [3]. The micro-
flocs then agglomerate into macroflocs, which can be deposit-
ed through the flocculation process. The coagulation process
is time-dependent and slow stirring in water. Generally, the
flocculation period occurs for 10—30 minutes after the coag-
ulation process [4]. The faster the mixing time, the larger the
floc formed with the characteristics of the raw water source,
stirring conditions, flocculation time, selected coagulant,
and variations in the coagulation concentration will affect
the performance of coagulation. The stirring process in the
ink industry is faster to reduce waste water [5], while the
beverage industry pays attention to the decrease in sediment
by setting coagulant ppm [6].

In this clean water treatment plant, the water is sup-
plied from a river with high turbidity above 5 NTU, so it is
necessary to add an appropriate coagulant process to reduce
turbidity and waste [7]. Many researchers use the addition of
conventional coagulant variations with the Jartest method,
which is carried out in the process of reducing turbidity [8],
but it has not been fast and effective to reduce turbidity
at 5-10 NTU levels, as well as using genetic algorithm ap-
proaches and artificial neural network methods to find an
approach mathematical model is still debatable solution [9].
So it is necessary to propose an improvement in the quality of
clean water from the start (off-line quality) with parameter
settings that adopt the Taguchi method [10], with a green
approach to the mixing process at various levels of turbidity
by reducing floating organic waste. The use of chitosan is
useful in reducing waste water and color from industry [11],
but for water sources from rivers because organic is used oth-
er coagulants such as PAC [12]. For local Indonesia, the raw
water source from the river is different from other countries
with the same water source, because forest conditions and
environmental factors in the river upstream greatly affect
the level of turbidity. The choice of coagulant is different for
each water supply from rivers or other water sources, with
the Jartest technique can reduce turbidity, but the use of
PAC is even faster in the mixing process [13], with chitosan
on coagulation and flocculation reduces color at pH below 5,
while river water tends to be above 5 [14].

Colloidal particles that are small and fine are generally
negatively charged because river water contains organic or
inorganic compounds that cannot be removed by ordinary
sedimentation. PAC as a drinking water purification coag-
ulant has a good speed in forming new flocs in the process
of mixing clean water. As a basic element, aluminum forms
repeating units in long molecular chains, which have a high
positive charge and large molecular weight and can reduce
flocs in purified water even in certain doses [15]. Thus, PAC
combines neutralization and the ability to bridge flock parti-
cles so that coagulation takes place more efficiently [16]. PAC
can easily neutralize the electric charge on the flock surface
and can overcome and reduce the electrostatic repulsion
between particles to as small as possible, thus allowing flocks
to approach each other (covalent attractive forces) and form
larger masses. PAC coagulants can reduce floating flocks in
the water supply from rivers, and accelerate sedimentation



and reduce non-oily waste water from clean water treatment
to customers [17]. The use of PAC above 10 ppm can reduce
waste water rather than the use of ultraviolet and chlorine
disinfectants [18].

For scenarios of environmentally friendly conditions as
a form of sustainable use, natural resources are preserved by
taking into account the hydrological cycle of water resourc-
es. The use of water resources, especially those from rivers,
is very high and worrying. The availability of water supply
and its safety are approaching the gray zone and continue
to increase, with factor analysis contributing to urban water
management [19]. Using fuzzy and TOPSIS can provide
information on the availability and contribution of options
for the use of water resources [20]. Water quality is strongly
influenced by the condition of the river upstream, either or-
ganic or inorganic waste. There are several scenarios to make
water available for downstream industrial inputs such as
drinking water needs. However, the quality of drinking wa-
ter must be feasible for consumers by reducing disinfectants,
which are waste. There are several decision-making criteria
to reduce the waste, among others, paying attention to the
processing/treatment.

The quality characteristics have been widely studied,
both in the manufacturing industry, the water industry and
the chemical industry, in the opinion that water sources from
upstream must be considered so that the availability and
quality of water are better. However, this resource must be
sustainable by taking into account renewable environmental
factors that are useful for other activities such as the use of
other energy resources. The quantity factor must be consid-
ered to ensure the availability of raw water [21].

Research on the relationship between raw water quality
parameters, chlorine requirements and disinfectant content of
drinking water has been carried out [22]. The use of appropriate
chlorine will minimize disinfectants so that the quality of drink-
ing water supplied to customers will be maintained according to
standards. The model obtained for clean/drinking water treat-
ment conditions in Malaysia shows that there is a relationship
between the need for chlorine to reduce disinfectants and im-
prove product quality, the parameters of raw water content also
affect the final product and require treatment in its processing.

In the mixing process at the pump installation, it is nec-
essary to set appropriate parameters to reduce the level of
turbidity before and after the mixing process with variations
in coagulant addition. Optimal settings will be obtained in this
process. A positively charged coagulant is used to attract nega-
tively charged colloidal particles as a flock, which will settle to
the bottom of the channel. The behavior of the coagulant that
catches floating colloidal particles is observed and scanning
electron microscopy (SEM) is performed to determine the di-
mensions of the flock grains. The results of the deposition pro-
cess of mixing with various content of its compounds are given.

With the condition of the input water supply character-
istics in clean water treatment, especially the mixing process
segment to reduce the level of turbidity due to organic waste,
it is necessary to set parameters from the beginning before
and after the mixing process.

3. The aim and objectives of the study

The aim of the study is to obtain the optimal parameter
setting model was to reduce the level of turbidity and inves-
tigate the behavior of floating flocks in the mixing process.

To accomplish the aim, the following objectives were set:

— to determine the turbidity characteristics of water be-
fore and after the mixing process;

— to determine optimal parameter setting in the mixing
process of PAC (coagulant), raw water and pump stroke;

—to determine the behavior of the flow and floating
flocks, as well as to determine the microstructure of the
mixing process.

4. Materials and methods

Before the mixing process, normality test and turbidity
contour level were used to test the data whether the data
were normally distributed for the turbidity parameter and
information on the distribution of the data, while the counter
explained the position of the data distribution in sampling,
which was determined about the raw water turbidity pa-
rameters and the turbidity of the mixing process. The dosing
pump is designed to drain the PAC coagulant flow fluid into
the water fluid. This pump generates a coagulant flow rate
by the mixing method set from the valve to deliver the liquid
PAC discharge into the dosed reservoir. This pump is very
helpful in the process of mixing clean water treatment for
coagulant variations, which are controlled internally to vary
the flow rate and dosage amount.

Taguchi’s method is used for parameter setting and inte-
gration of the most influential waste output to improve the
quality of clean water products, reduce turbidity levels with
variations in coagulant doses, optimal mixing process. The
target of this method is to make clean water products less
sensitive to noise, so it is called a robust design [26] like the
concept below:

— the turbidity characteristics of water before and after
the mixing process, with the experimental design of the raw
water mixing process (turbidity) such as 51t/sec, 10 It/sec,
151t/sec, 20 It/sec and 25 1t/sec and % PAC concentration
5 ppm, 10 ppm, 15 ppm, 20 ppm and 25 ppm with a pump
installation stroke of 5 %, 10 %, 15 %, 20 % and 25 %;

— by the parameter settings above, the optimal parameter
settings are obtained to reduce the level of turbidity;

— observing and identifying the behavior of floating
flocks to sedimentation for SEM.

According to [23], the advantages of the Taguchi method
compared to other experimental designs are because it is
more efficient in experiments involving many factors but the
number of experimental units required is relatively small, the
product is more consistent and less sensitive (robust) to vari-
ability caused by factors that cannot be controlled (noise).
The objective function of the Taguchi method for a robust
design that is resistant to noise is derived from measuring
product quality using a quadratic loss function in a broader
definition to produce an optimal design or parameter set-
ting. Signal to noise ratio (SNR) in the experimental design
system of this method provides a comparison of quantitative
values for response variations to determine the optimum
parameter settings.

The most important hope in the robust design of the
Taguchi method, especially parameter setting, is to examine
the effect of variability on factors and experimental levels
using statistical tools. To help full factorial, large, time-con-
suming and costly experiments, Taguchi suggests using
orthogonal arrays (OA) to represent the range of possible ex-
periments. After conducting the experiment, all experimental



data were evaluated using analysis of variance (ANOVA) to
determine the optimum parameter settings [24, 25].

This method is to determine the factors that influence
an optimum response with its characteristics. The Smaller
The Better (STB) quality characteristic indicates that the
smaller the characteristic parameter, the better the quality.
Larger The Better (LTB) indicates that the larger the char-
acteristic parameter, the better the quality will be, and the
Nominal The Better (NTB) quality characteristic means that
the quality will be said to be getting better if it is close to the
nominal (target) that has been set through parameter design
and response for clean water with various concentrations and
levels [26, 27].

The conceptual development of the model structure
based on the setting of clean water parameters and the opti-
mization model for the mixing process can be seen in Fig. 1
below.

Water supply +
Parameter setting /

PAC Conc. (5, 10, 15, 20, 25) % ppm
Water supply (5, 10, 15, 20, 25) lt/sec
Pump stroke (5, 10, 15, 20, 25, 30) %

Parameter
setting
(mixing
process)

Fig. 1. Parameter setting model in the mixing process

In parameter setting, there is coagulation to remove and
separate colloidal particles from natural organic minerals
such as mud. These colloidal particles cannot settle naturally
having a diameter of less than 1 mm causing color and turbid-
ity. In Fig. 2 below, it can be seen that section 3 is the mixing
process for the PAC variation to reduce the level of turbidity,
to observe the behavior of the floating flock. In section 4,
there is an attractive force that tends to form aggregates
while the repulsive force causes a stable colloidal dispersion.

The water supply contained in section 1 flows to sec-
tion (2) naturally precipitated by gravity, flowing through
a transparent glass channel, which is dripped with coagu-
lant with the specified setting. The quality of clean water
can be seen in section (3, 6), then in the laboratory test to
get the level of turbidity according to health standards.

Description:
1. Reservoir water supply

2. Sedimentation

3. Mixing

4. U-channel acrylic
5. Water after mixing

Fig. 2. Research installation

3. Research results of the characteristics of water quality
in the clean water treatment plant

5. 1. Turbidity characteristics of water before and after
the mixing process

Parameter setting conducted in the mixing process, as
shown in Fig. 3 below, shows that the turbidity value of water
supply is above 5 NTU (nephelometric turbidity unit), which
is the standard value for clean water. With the medium level
of concentration (11 to 15 ppm), it is shown that the decrease
of turbidity value is in the range of 4-5 NTU at pH 7.1.
The turbidity value of water supply and mixing process can
also be seen in the contour plot (Fig. 4), which presents the
dispersion of turbidity values with a more detailed range
system in the position of turbidity value at each change of
PAC concentration.

The turbidity level of water supply is averagely 5.8 NTU
and the reduction of turbidity of the mixing process is aver-
agely 4.5 NTU as the addition of medium level in coagulant
concentration, but the fluctuation approximates the normal
distribution as shown in Fig. 5 below.

The variation of turbidity of water supply is influenced
by the condition of downstream river, weather and environ-
ment of the forest (@) and the decrease of turbidity in the
mixing process is due to the coagulant setting process (b).
As the coagulant ppm is getting higher, the turbidity would
reduce until reaching the optimum concentration level at
the medium level in the condition of water supply, which
is 5-7 NTU.

Turbidity of Water Supply and
Mixing Process

Turbidity Level
EAN

6 \""/\—/\’\/\—\/\/J\__AW

W\/\NV\N\’_/V\

2
0
1 3579 1113151719212325272931333537394143454749
Turbidity Sample
—Turbidity Water Supply —Turbidity Process Mixing

Fig. 3. Turbidity level of water supply and mixing process



Turbidity Water Supply VS Turbidity Process Mixing

Turbidity Water Supply

Taguchi method with low level (5—-10 ppm),
medium level (11-15ppm) and high lev-

41 42 43 44 45 46 47 48

Turbidity Process Mixing

Fig. 4. Contour plot of turbidity of water supply and mixing process

Probability Plot of Turbidity Water Supply
Normal - 95 % CI

Turbidity el (16—20 ppm) as shown in Table 1 below.
Water
Supply Table 1
< 52 Level factor
52 — 5.6
= 28 : 22 Pzil:_ Code [Level 1| Level 2| Level 3| Level 4
6.4 — 6.8
- > 6.8 Alum
conc. A 5 10 15 20
(% ppm)
‘Water
supply | B 5 10 15 20
: (It/sec)
Pump
stroke C 15 20 25 30
(%)

The change in the concentration level of PAC co-
agulant starts from low level, medium level, and high
level simultaneously with the setting of water supply

% ° Mean 5.826) and pump stroke. The decrease of turbidity level
95 StDev  0.4561 seems better as the raise of coagulant concentration
90 N 50/ level has positive ions. The positive and negative ions
80 AD 0.793/  depict the effect and response of variable concentra-
g gg P-Value  0.037|  tjon, water supply, and pump stroke as shown in Fig. 6
g 28 and Table 2 below. The plot effect of S/N ratio is in the
A 30 optimum process of parameter design of the mixing
20 process at various concentration levels.
10
51 5 Table 2
1L ‘ ‘ ‘ ‘ ‘ ‘ Main effect of the mixing process
4.5 5.0 5.5 6.0 6.5 7.0 7.5
ety i S Level PAC Water supply | Pump stroke
1 4.793 4.775 4.813
a 2 4.877 4.900 4.782
3 4.775 4.848 4.868
Probability Plot of Turbidity Process Mixing 4 1.865 1787 4818
Normal - 95 % CI Delta 0.102 0.125 0.085
Moo Rank 2 1 3
Mean 4.559
95 b StDev  0.1802 By looking at the fluctuation of water supply and
90| N 50| mixing process turbidity, the model of the mixing pro-
80 AD 0.227|  cess can be predicted at the medium level of 14 and
g o P-Value 0.805| 15 ppm Foagulant. Averagely, the prgdiction modgl of
S| 50 the mixing process collects the maximum at medium
ool level, which is 15 for the condition of 5-7 NTU.
20| Optimal mixing process =15 % ppm conc.
10 PAC+15 1t /sec+15 % pump stroke.
5 . The optimal model can be decreased or increased
fluctuatively at each 2 point range change of tur-
Tho 42 44 46 48 5.0 52 bidity, for instance 5-7 NTU, 7-9 NTU, and so on.
Turbidity Process Mixing For more detail, every change of ppm concentration,
water supply and pump stroke can be seen in Fig. 7
b below. At the position of medium level, it can be seen
that the turbidity value of the mixing process is at
Fig. 5. Normal turbidity: @ — water supply; 6 — mixing process 4.8 NTU and 4.9 NTU, which are close to the health

standard. The higher % ppm of PAC causes the tur-

5. 2. Optimal parameter setting in the mixing process  bidity to decrease and the water color turn to transparent. The

of PAC (coagulant), raw water and pump stroke

effect of over PAC would not be harmful to the human body

In the mixing process, turbidity is decreased with the ad-  but with a continuous excessive dosage, it would cause side
dition of coagulant variations by setting the parameters of the  effects in the form of toxins within the human body.
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Fig. 6. Response table of variable PAC concentration, water supply, pump stroke
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Fig. 7. Variation of PAC concentration at each level

In Fig. 7 above, it can be seen that the PAC concen-
tration % at medium level 15 produces a turbidity level of
4.9, close to 5 NTU health standards, so that point becomes
optimal. If you add more PAC at levels 20 and 25, the clean
water is close to white color, which can be harmful to health
if used continuously because of the effect of high coagulant
content.

5. 3. Determination of the behavior of the flow and
floating flock, as well as determination of the microstruc-
ture of the mixing process

Each change of PAC concentration level causes the change
of water turbidity value, colloid behavior and floc formation
in the mixing process. Coagulant characteristic whose charge

is positive ion would attract negatively charged colloid that
is often called as the effect of Van der Waals’ attractive force.
Proper addition of coagulant concentration would reduce the
zeta potential repulsive force in the colloid, thus there are
more positive ions than negative ions, which causes a faster
floc formation process. With sedimentation process and flock
filtration, it would gravitationally precipitate at the bottom
surface to furthermore be thrown away since the sedimenta-
tion is known as waste in the industry of clean water.

In the mixing process, each variation of water supply, PAC
ppm and % pump stroke will affect the level of turbidity due
to the addition of coagulant, which will attract negative ions
into the flock. Increasing coagulant and pump stroke in the
form of pump speed in rpm will accelerate the process of flock



formation. Fig. 8, a presents large flocks so that the effect of
Van der Waals forces can still be seen. A large attraction by
the coagulant will accelerate flock formation.

To observe the Brownian motion, which is in the form of
zig-zag line or dash line, the portrayal of molecular kinetic
flocs requires a camera magnification of 1000 with the type
of digital SEM. In Fig. 8, b, the distance among flocs is get-
ting bigger due to the addition of rpm, then the particle flies
slowly to the bottom in groups following the gravitation
principle.

c

Fig. 8. SEM image of flock: a—5 % ppm; b6 — 10 % ppm; ¢ — 15 % ppm;

d— 20 %—25 % ppm

Moreover, in Fig. 8, ¢, flocs start to precipitate downward
closing by the basic plate together with coagulation and floc-
culation. Meanwhile, in Fig. 8, d, the group of flocs is visible
until the basic plate with bigger grain and precipitates cover-
ing almost the whole surface of the basic plate.

6. Discussion of the research results of characteristics of
raw water sources

In the mixing process by setting parameters with factors
and levels to get the optimal turbidity conditions of organic
waste. The level of turbidity will affect the addition of co-
agulant, the duration of the mixing process and the waste
removed. Thus, turbidity conditions and processing in the
mixing process greatly affect the quality of clean water. So
we need a quality design from the start in the mixing process
to get clean water that is good, fast, economical, efficient and
meets consumer desires.

By setting the optimal parameters in the mixing process
between % ppm PAC, raw water (It/s) and % pump stroke.
Levels and factors are carried out to obtain results that
are in accordance with research conditions or input water
supply. Changes in % PAC variation in the mixing process

are used to see changes in the decrease in turbidity param-
eters at each level. It can be seen that the mixing process
will reduce turbidity by adding variations in the coagulant
setting parameters of low level (5-10 ppm), medium level
(11-15 ppm) and high level (16-20 ppm) for quality im-
provement responses. As shown in Fig. 8, ¢, flock position is
not visible in floating conditions and the response of clean
water quality increases with the addition of coagulant, but
gravitationally settles to the basic plate with a small diame-
ter and separates each grain.

The level of turbidity of the input
water supply is influenced by upstream
conditions of the river, organic waste,
erosion and a decrease in the quality
of the tropical forest environment.
It is necessary to set the parameters
from the beginning to ensure the
composition of the settings in the
mixing process to reduce the level
of turbidity in the mixing process.
The higher the coagulant ppm, the
lower the turbidity until it reaches
the optimal concentration level at
the medium level at a water supply
condition of 5-7 NTU with a medium
level of 14 and 15 ppm coagulant.
Addition of coagulant concentration
gradually at medium level starting at
point 11-15 ppm (see Fig.7) at 5-7
NTU conditions (close to max=5
health standard), gradually the float-
ing flock gets smaller and settles to
the basic plate like sedimentation as
shown in Fig. 8, d.

The characteristics of the input
water supply as the starting point for
selecting parameter settings, because
the quality of clean water for the
community must be ensured according
to health standards. Quality design is
set from the beginning of production in the mixing process
segment. The new alternative model proposed in the mixing
process of % PAC, raw water and % pump stroke in existing
conditions exceeds the established health standard. A specific
and integrated processing process is required because of the
high level of turbidity, using parameter settings while reducing
waste and flock with the principle of Green Taguchi.

The limitations of the proposed new model in the mixing
process are related to the condition of the research object,
while the method is also limited in setting parameters using
experimental design principles in the early stages of setting.
Have not adopted another method to estimate coagulant
dose, while the assumption used is that the parameter data is
the same every day.

The limitation of this model is related to the resource
capacity of the clean water treatment section and the setting
of additional equipment. So that a gradual change is needed,
conventionally daily sampling in the mixing process describes
the parameters that affect water quality. Especially for water
sources from rivers that are specifically intruded by swamp
water, the turbidity factor is the most influential factor for
setting parameters in the mixing process.

For the process of developing clean water treatment
processes that are affected by turbidity in river water sources,




measurements of the turbidity level are carried out. This
turbidity data is very important in the production process to
carry out complex experiments for daily data, but specifically
for water sources from rivers that are specifically intruded
by swamp water, the turbidity factor is the most influential.

7. Conclusions

1. The variation of turbidity of water supply is influenced
by the condition of downstream river and the decrease
of turbidity in the mixing process is due to the coagulant
setting process. The turbidity would reduce until reaching
the optimum concentration level at the medium level in the
condition of water supply, which is 5-7 NTU.

2. The decrease in turbidity level in the mixing process
is due to changes in parameter settings, the higher the ppm
of coagulant, the lower the turbidity until it reaches the op-

timum concentration level at the medium level in raw water
turbidity conditions of 5-7 NTU.

3.In low level coagulants, the attractive force between
coagulant and floc is not too large, but for medium and high
level, the attraction is stronger because of the nature of the
coagulant, which has positive ions. On the other hand, the
effect of Brownian motion decreases with increasing % ppm
of coagulant because the water tends to be white. If the con-
centration of coagulant is added again, the floc will decrease
by gravity and accumulate to the bottom of the plate in the
form of sediment waste.
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