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Performance Evaluation Of Sindang Pasekan
Water Treatment Plant
Irfan Arief, Tazkiaturrizki, Winarni
Abstract—The x Water Treatment Plant (WTP) of Sindang Pasekan is the importance facilities in supplying drinking water for the Indramayu sub-district
operated by PDAM Tirta Derma Ayu. The WTP capacity of 50 L/sec has been increased to 65 L/sec in 2018. The objective of this study is to evaluate the
performance of the WTP. The research method includes analyzing the existing WTP condition by recounting the design parameters and assessing the
unit processes, unit operations, and quality of water using the recent production capacity of 65 L/sec. Data comparison towards the production water
quality is in conformity with the standard of drinking water from the regulation of PERMENKES No. 492 of 2010. Event though Several design
parameters do not meet the standard on the other hand, such as detention time (Td) of the intake unit and velocity gradient (G) of certain sections in the
flocculation unit. The results of the WTP evaluation can be used as a design criteria recommendation as it yielded a favorable turbidity removal by 95%
on average.
Index Terms—water treatment plant, Sindang Pasekan WTP, drinking water, evaluation
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INTRODUCTION

The reliability of a WTP system is based upon three aspects,
namely the quality, quantity, and continuity of the water
produced [1]. Those conditions can be achieved if the technical
and non-technical requirements are met properly, following the
Regulation of Minister of Health of the Republic of Indonesia
(PERMENKES) No. 492/MENKES/PER/IV/2010 concerning
Drinking Water Quality Standard that includes chemical,
physical and biological requirements [2]. WTP use various units
to eliminate the contaminant from surface water. The unit
processes that most frequently used are intake, flocculation,
sedimentation, filtration, and disinfection for final treatment of
the surface water [3]. Population rise and increased human
activity as well the valley cause a decrease in quality of the
water [4]. Intake is a construction that functions to collect raw
water from surface sources such as rivers, lakes, and ponds,
and maintain a constant discharge to WTP. The intake
generally constructed using reinforced concrete to ensure its
resistance against the river currents. Coagulation and
flocculation are often the first steps in water treatment, consist
of adding a floc-forming chemical reagent to destabilize the
colloidal particles and form a rapid-settling floc. They serve as
key processes for reducing naturally occurring organic matter
and turbidity, which can seriously affect the efficiency of
disinfection. The positive charge of the chemicals agent are
combined to the water [5]. In other side, these chemicals of
positive charge will compensate for the negative charge of dirt
and other dissolved particles in the water. Then, the flocs will
be form by attach of the particles with the chemicals and form
larger particles.
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During sedimentation, flocs settle to the bottom of the tank as
a result of its weight. This settling process is called
sedimentation [6]. Once the floc has established to the bottom
of the sedimentation basin, the clear water on top will pass
through filters to remove dissolved particles by varying the
compositions and pore sizes (sand, gravel, as well as
charcoal). After the water flow through the filtration unit, as
final treatment is disinfection process by using a disinfectant
(e.g., chlorine, chloramines), it will be added in order to kill any
remaining parasites, bacteria, and viruses, and also the
disinfectant can protect the water distribution when it is piped
to homes and businesses from germs [7]. The valuation of the
WTP condition needs to be considered predominantly based
on technical, operational, structural and technological
circumstances. It is also compulsory to take the quality and the
quantity of the produced water into account [8]. The
specialized design standards of drinking water treatment
plants refer to the Standard of Indonesia National (SNI) 67742008 for the matter of the step and methods of planning the
water treatment plant assortment units and studies on the
design of WTP [9]. Tirta Derma Ayu Regional Water Supply
(PDAM) is one of enterprises responsible to provide drinking
water in Indramayu. One of its installations is Sindang Pasekan
Water Treatment Plant (WTP). Sindang Pasekan WTP uses
surface water from Cimanuk River, one and the other of the
multifunction rivers in Indonesia which has the primary sources
of water pollution of the industrial process, the activities of
agriculture, and domestic activities. Cimanuk River is one of a
very significant role of the river as a cause of raw water for the
society [10]. The quality level of water has been decreases
another in line with higher levels of contamination. The Sindang
Pasekan WTP initially had a treatment capacity of 50 L/sec, and
recently the Sindang Pasekan WTP production has been
increased to 65 L/sec. This raised capacity is due to the rise of
clean water demand in Sindang and Pasekan Districts [11]. This
study purpose to evaluate the units of the Sindang Pasekan
Drinking Water Treatment (WTP) by check of each unit
performance then analyze and correlate the produced water
quality compare to the PERMENKES No. 492 of 2010 as the
drinking water standards.
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NRe = Reynolds Number
NFr = Froude Number
Vo = Velocity (m/sec)
R = Hydraulic radius (m)

The research method can be seen in Figure 1.

The evaluation performance of sedimentation unit and also
filtration units is analyzed by the removal efficiency of turbidity
from the raw water. The equation for calculating the treatment
efficiency is as follows:
(7)

2.3 Data Analysis
The turbidity meter was used in the measurement, and the
results were analyzed based on PERMENKES No. 492 of
2010 pertaining to the drinking water quality standard.

Fig 1. Research Methodology
2.1 Data Collecting
The data needed for this study comprise (1) primary data
collected from the activities of each WTP unit, such as head
loss, speed, detention time, as well as the outflow quality of
each unit; and (2) secondary data obtained from the Tirta
Derma Ayu PDAM’s monthly report.

2.4 Data Evaluation
The design criteria obtained in this study were compared with
those listed in the Planning Procedure of the Water Treatment
Installation Package Unit of the Indonesian National Standard
(SNI) 6774-2008. Design criteria of the intake structure were
compared to design criteria parameter listed [5], and G.Td
values were compared to design criteria parameter listed in
other references because both are not included in SNI 67742008 [13].

3 RESULTS AND DISCUSSION
The Sindang Pasekan WTP consists of several unit processes
and operations, i.e. intake, coagulation with a static mixer,
hydraulic flocculation, single media filtration, and ground
reservoir. The scheme of the units can be seen in Figure 2.

2.2 Methods
The analysis of the operational system of WTP unit will be
done by comparing the design criteria summation of the WTP
unit alongside the literature. The equations used in the
calculation are listed beneath:

Velocity, v

=

(1)

Detention Time, Td

=

(2)
]1/2

Velocity Gradient, G =
Gtd

= G x Td

Reynolds Number, NRe
Froude Number, NFr

=

(Vo x R)/ϑ

=

Nomenclature:
3
Q = Flow rate (m /sec)
2
A = Area (m )
Td = Detention time (sec)
3
V = Basin Volume (m )
G = Velocity gradient (/sec)
ρ = Mass density of liquid (kg/m3)
g = Gravity (m/sec2)
h = Water depth (m)
μ = Viscosity (Kg/m sec)
G Td = Gradient time

(3)
(4)
(5)
(6)

Fig 2. Scheme of Sindang Pasekan WTP
2.1 Intake Unit
The surface water collected by channel of the intake system
units as a preliminary unit then deliver to the drinking water
treatment plant. The Sindang Pasekan WTP has 1 intake unit
equipped with 2 pumps (one functioning as a backup). The
intake unit of Sindang Pasekan WTP—depicted in Figure 3—
is similar to that of Baghdad City WTP [14]. The raw water in
this unit contains various suspended solids like clays, sands,
silt, organic and inorganic substances as well as
microorganisms [14]. It functions as a tap or raw water
collector from surface sources—such as rivers, ponds, and
lakes—in accordance with the discharge needed for the WTP
to work properly.
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2.4 Sedimentation Unit
Sedimentation unit is one of the important process on water
treatment plant. Plate settler was used to increase the settling
area by using the 60º settler plate, 2 gutters, and 6 mud
chambers. This unit works properly to settle the mud and wash
away the sediment to the sludge drying bed. The clear water
on top then passes through filters.

Fig 3. Unit of Intake
2.2 Coagulation Unit
A coagulant is a (chemical) material used for floc formation in
the mixing process. Coagulation is the process of mixing
chemicals (coagulants) with raw water to form a homogeneous
mixture. The WTP coagulation unit uses a static mixer type. A
pipe diameter of 300 mm was used to flow the surface water
and deliver to the coagulation tank. The PAC coagulant at a
dose of 25 mg/L is injected as portrayed in Figure 4 [14].

2.5 Filtration Unit
From the sedimentation unit before, there is a possibility that
unsettle floc and suspended particle not removed yet. The
filtration unit (Figure 6) can be used as the final filter of the
processed water. This unit is consists of 1 tank, and the media
that used only a single media filter type and as represented in
Figure 6. The filtration unit used the common process that is a
rapid sand filter with silica sand as single media. This filter is
particularly suitable to strain the undesirable constituents of
high turbidity water [14].

Fig 4. Scheme of Coagulation
2.3 Flocculation Unit
The unstable floc from coagulation process will be flow to the
flocculation unit. In this unit, the unstable floc will form larger
by the slowly mixing. The hydraulic flocculation with the
vertical flow was used as the flocculation process and it,
consist of 10 compartments as seen in Figure 5. The
flocculation process is an important barrier to microbiological
contaminants. It is also a key stage for reducing naturally
appear organic matters and turbidity as it boosts the tendency
of the settling of suspended solids. Nevertheless, it was
difficult to observe the compartment on the top and bottom of
the tank due to the over-and-under (baffled) design of the
flocculation unit.

Fig 6. Unit of Filtration
2.6 Reservoir
A type of ground reservoir is used in the WTP as pictured in
Figure 7, comprising 1 tank with a baffle and has different
dimensions. Chlorine of 5 mg/L is added as the disinfectant to
kill unhealthy bacteria and protozoa in water as well as to
inhibit the growth of moss.

Fig 7. Unit of Reservoir
Fig 5. Unit of Flocculation
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Table 1. Result Perfomance Evaluation of Sindang Pasekan
WTP Units
No.

Units

1
v
2
Td
3
Td Total
G1
G2
G3
G4
G5
G6
G7
G8
G9
G10
Gtd total
4
Td
Surface
Loading
Nre
Nfr
5
Filtration rate
Backwash
rate

Results

Design Criteria

Intake
0.915 m/sec
[5]
Static Mixer
5.4 sec
[7]
Flocculation
25 min
[11]
81.99 /sec
60.6 /sec
97.31 /sec
95.85 /sec
130.7 /sec
[8]
81.99 /sec
123.3 /sec
85.6 /sec
86.5 /sec
124.3 /sec
1444008.9
[10]
Sedimentation (Plate Settler)
9.42 min
[7]
5.73
[7]
3
2
m /m .day
33.4
[9]
2.72 x 10-5
Filtration
10.84 m/hr
[7]
33.3 m/hr

[5]

>0.6 m/sec
1-5 sec
10-60 min
10-100 /sec
10-100 /sec
10-100 /sec
10-100 /sec
10-100 /sec
10-100 /sec
10-100 /sec
10-100 /sec
10-100 /sec
10-100 /sec
104-105
4-41.4 min
3.5-8
m3/m2.day
<2000
>105
4-11 m/hr
(4-8)x filter
speed

again. This unit works properly, there is no damage in this unit.
4. Sedimentation
As stated in Table 1, the evaluation of detention time
parameter is 9.42 minutes and 5.73 m3/m2.hr for a surface
loading of sedimentation, Reynold numbers (NRE) of 33.4,
and Froude numbers (NFR) of 2.72 x 10-5 [18]. Thus, the
Sindang Pasekan WTP sedimentation unit has achieved the
standard design parameters of SNI 6774-2008 [7]. The
detention time design criteria of >4.2 minutes, and design
criteria of surface loading is 3.5-8 m3/m2.day, Reynold
numbers (NRE) of <2000, and Froude numbers (NFR) of >105. The removal efficiency of particles from water was affected
by the surface loading rate [19]. This unit works properly, there
is no damage in this unit.
5. Filtration
Compared to the design criteria of 6-11 m/hr for the filtration
rate and 36-50 m/hr for the backwash rate, the calculated
filtration rate of 10.84 m/hr and backwash rate of 33.84 m/hr in
Sindang Pasekan WTP fulfill the requirements [20]. This unit
works properly, there is no damage in this unit.
The production water quality was analyzed through laboratory
tests to determine whether the water can be used by the
community for their daily needs according to PERMENKES
No. 492 of 2010 [21]. The data of production water quality
such as the turbidity parameters are listed in Table 2.

The brief analysis between the calculation results in Table 1
and then compare to design criteria as follows:
1. Intake
The calculated velocity of the intake unit listed in Table 1 of
0.915 m/sec is already meet the criteria of design [15]. For the
velocity, criteria of design at the intake unit is >0.6 m/sec and
the design criteria of the detention time in the assembly well
under 20 minutes. This unit works properly, there is no
damage in the pumps.
2. Coagulation
The calculated of coagulation detention time of 5.4 seconds
and the velocity gradient of 789.3/sec is not meet the listed of
criteria of design [16]. At the coagulation unit, detention time
parameter is 1-5 seconds, also gradient of velocity is >750/sec
of the design criteria standards. Thus, the requirement of G.Td
value is 30,000-60,000 for the coagulation unit; Hence, the
calculated G.Td of Sindang Pasekan WTP of 4,262.22 does
not comply with the criteria. At the highest rapid mixing speed,
the excessive shear force will be formed in the coagulation
process. But however in the coagulation process the speed is
important to get the greater detention time. This unit works
properly, there is no damage in this unit.
3. Flocculation
The calculated of detention time evaluation of the flocculation
unit of 25 minutes (Table 1) already meets the design criteria
for detention time is 10-60 minutes and velocity is 60-5/sec. As
for the G.Td value, the requirement in the flocculation unit is
30000-60000. It can be said that the G.Td value of Sindang
Pasekan WTP conforms the design criteria [17]. The flocs
were formed by set up the smaller value of G, and also the
collision greater so that the flocs can be easily removed. In
contrast, an excessive value of G can cause the flocs to break
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Table 2. WTP Production Water Quality
Surface
Water
NT
U

PH

Minimum

69

6.8

Sedimentation
Water
Rem
NT
oval
PH
U
Effici
ency
2.63 6.9
88%

Maximum

20.2

7.3

2.21

7

97%

2.15

7.3

98%

Average

39.1

7.2

2.42

7.2

93%

1.0

7.1

95%

Status

Filtration Water
NT
U

PH

Removal
Efficienc
y

0.3

6.9

91%

Table 2 shows that turbidity has been successfully removed by
the treatment of sedimentation units and filtration units [22].
The parameters that are above the water quality standard of
surface water comply with the turbidity threshold of 5 was
eliminated by the process [23]. Thus, it has met the drinking
water standards with a percentage of high turbidity removal of
98%. At the Khanaqin City Water Treatment Plant, the
research has been done with a similar range of raw water pH
at the intake (6.7 to 7.2) resulted in a high percentage of
turbidity removal by 97.88% [24]. The outlet of the water
treatment plant has a decreased pH range of 6.9 - 7.0 [25].
From the brief performance and design evaluation, the
Sindang Pasekan WTP still not fulfill the design criteria for
several parameters according to the SNI 6774-2008 [7].
However, the treatment processes work well that the outflow
can meet the standards of water quality comparing to
PERMENKES No. 492 of 2010 [2].

4 CONCLUSION
Based on of the Sindang Pasekan WTP performance
evaluation, it can be concluded that there are several design
parameters do not meet the standard of the design criteria
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such as the detention time (Td) of the intake unit and velocity
gradient (G) of certain sections in the flocculation unit.
Nonetheless, the production water has fulfilled as the quality of
the drinking water quality standards according to
PERMENKES No. 492 of 2010. Hence, the evaluated
parameters of Sindang Pasekan WTP can be used as a
reference for planning new water treatment plants.
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