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parameters used in identifying the flow are velocity, discharge, Reynold's number, specific energy, and
Froude number. The research method used is experimental research, by simulating an open channel model.
Simulations were run on each greywater sample and four discharge variations. Velocity measurements were
done vertically at the flow depth and at four horizontal measurement distances. The results showed that the

largest velocity was in the tofu waste sample, which was 1.237-0.443 m/s, Reynold's number was 224,228-
22,003, and the specific energy was 0.15-0.02 m. Parameters that greatly affect the nature and behavior of
flow are the type and composition of wastewater, velocity, and water level in open channels. The results of
this study can be a reference for urban drainage planning.
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1. INTRODUCTION

As the population increases, greywater, which is the residue of clean water
use, is also increasing. Greywater that is not treated and flowed properly
will reduce environmental quality. Greywater is the result of a process or
residue from an activity in liquid form whose presence is not desired by
the environment because it has no economic value (Asmadi S., Si M.,
Suharno S.K.M,, 2012). Open channels as a means of channeling greywater
are generally widely used in the city of Kendari. An open channel is a
channel that has a free surface (Triatmodjo, 2003). Knowledge of flow
characteristics in the channel and greywater characteristics is very
important to know in channel planning to avoid or reduce problems in
urban drainage. Many studies have been conducted on the quality of
wastewater from various sources. Research shows different greywater
qualities for the same type of waste. The composition of greywater is
influenced by many factors, namely the source of waste, activity, amount
of water use, and regional conditions. Shaikh et al, reviewing the
comparison of greywater quality from various countries, showed that
greywater quality is more polluted in developing countries compared to
developed countries. Greywater waste sources from kitchens and
laundries are more polluted than bathrooms and sinks (Shaikh &
Ahammed, 2020). The parameters commonly used in analyzing the
characteristics of greywater are odor, temperature, density, color,
turbidity, total suspended solids, total dissolved solids, viscosity, oil,
detergent, and others.

Bachrun et al, identified the characteristics of greywater types in four
different sources. Each greywater showed different parameter values. The
parameters of density, specific gravity, oil and fat, and total suspended
solids show the same value trend. Except for oil and fat parameters, total
dissolved solids in tofu waste show a higher value compared to other
wastes (Bachrun et al, 2020; Bachrun et al, 2023). The highest value of
BOD and COD comes from the kitchen, namely BOD 250-100 mg/L and
COD 840-3430 mg/L, while the lowest value comes from the bathroom
(Khotimah et al.,, 2021). Tofu waste shows a TSS value of 64 mg/L, where
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this value match the quality standards, and BOD 150 mg/L and COD 7904
mg/L do not match the quality standards (Pambudi, 2021). Laundry waste
parameters, which do not match the quality standards or show the highest
values, are COD 3160 mg/L, TSS value 703 mg/L, phosphate value 4.20
mg/L, and oil and fat 25.25 mg/L (Nurhidayanti et al., 2022), and in the
workshop waste, the Oil and fat parameter is 30.33, COD is 956 mg/L, BOD
is 497.9 mg/L (Suryo Purnomo & Wijayanti, 2021).

The greywater parameter value represents the level of quality, which will
then determine the type of greywater treatment or management so that it
matches the quality standards (Shaikh & Ahammed, 2020; Yang et al,,
2015). Dalahmeh et al reported that greywater characteristics are very
important in determining the greywater treatment and reuse system. In
addition, the flow and concentrations of greywater also have an impact on
the filter response and hydraulic rate of on-site treatment (Dalahmeh et
al,, 2014). Bachrun et al reported in their research that the flow in closed
channels is due to variations in greywater. The velocity of clean water
samples is greater compared to other samples. The velocity is influenced
by the greywater content; the greater the parameter value in greywater,
the smaller the velocity value at the same water discharge (Bachrun etal,,
2023). Bachrun et al, identified flows with sand sizes of 0.15 mm, 0.25 mm,
and 0.42 mm at the same concentration. The greatest velocity was in the
flow with 0.15 mm of sand. Grain size, sediment suspension, and velocity
are parameters that can affect the flow conditions in a channel (Bachrun
etal, 2021a; Nie etal,, 2017; Ting et al,, 2019). Variations in velocity result
in the movement of particles in the pipe, and small velocities will cause
deposition (Bachrun et al, 2021a; Wallwork et al.,, 2022). Safari et al
suggested that the GS-GMDH model is the most effective in analyzing
sediment transport in open channel flow. In developing the model using
fluid characteristics, sediment flow, and channel modeling (Safari et al.,
2019). In addition to greywater characteristics, the channel model also
contributes to the flow characteristics (interaction occurs) (Bachrunetal,,
2021b; Hassan & Shabat, 2023; Kong et al,, 2023). Research by Suhudi,
which analyzes specific energy with variations in the length of the
threshold width in open channels, shows that the flow of Q3 discharge and
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a threshold width of 10 cm is an efficient flow where the energy loss is
small and the Froud number is at 0.21 (Fr < 1) (Suhudi & Pandawa, 2022).
In general, the parameters used to describe the nature and behavior of
flow in open channels are water level or hydraulic depth, velocity, specific
energy, energy loss, Reynold's number, and Froude number.

In general, channels in Kendari City are not only sourced from one type of
greywater but from several sources that gather together. This causes the
composition of greywater to vary, especially household greywater. In
planning channels that serve all types of greywaters that will enter, the
selection of open and closed channel forms should be adjusted to the type
of greywater. It is necessary to fulfill the minimum velocity of each
greywater so that the performance of the channel is maintained.
Identification of the nature and behavior of greywater in open channels is
import, with the aim of providing an illustration of the effectiveness of
closed and open channels. This study aims to identify the nature and
behavior (characteristics) of greywater flow in open channels, find the
relationship between parameters, and determine how much influence the
characteristics of greywater have on open channels. The benefits of the
research can be used as a reference in planning open channels in Kendari

City.
2. METHODOLOGY

The research is an experimental study, which is research by simulating
greywater in an open channel model. To realize the research aim, a
methodology was designed. The methodology includes literature study,
theoretical, open channel model design, greywater sample testing,
preparation of simulation procedures, simulation implementation and
data processing of simulation results. Data analysis is quantitative and
qualitative.

2.1 Sample Characteristics

In this study, greywater samples were taken from Kendari City. The types
of samples are clean water (cw), tofu making (tmg), households (hhg),
laundry (1dg), and workshops (wsg). Sample characteristics have been
tested to find each parameter value. Greywater parameters used were
density (p), oil and fat, specific gravity (y), total suspended solids (TSS),
total dissolved solids (TDS), and kinematic viscosity (v). The test results of
graywater samples can be shown in Table 1.

Table 1: Recapitulation Sample Characteristics
Sample
Sample Parameter Unit tofu-making Household laundry workshop clean water
(tmg) (hhg) (1dg) (wsg) (cw)
Density (p) Kg/m3 1017.24 996,41 1017,03 997,39 41,54
oil and fat mg/L 0.843 0,029 0,013 0,033 0,01
Specific gravity (y) N/m3 9970.66 9771,43 9997,64 9781,06 9772,45
Total suspended solid (TSS) mg/L 712 4180 1384 1812 116,00
Total Dissolved Solids (TDS) mg/L 5178 294 1596 454 414,00
Kinematic Viscosity (v) m?/d 80,16 82,4 82,44 81,44 81,75

Table 1 shows the parameter values of each sample. The samples used refer to previous research by Bachrun et al. This sample has been tested for
characteristics at the MIPA Laboratory of Haluoleo University Kendari. The difference in parameter values between greywater is due to the nature and

composition of the waste source (Bachrun et al.,, 2023).
2.2 Open Channel Modelling

The open channel modelisin 1:1 laboratory scale and acrylic material. The
open-channel model is 600 cm long, 15 cm wide, and 30 cm high. The open
channel model can be shown in Figure 1.

The open channel is completed with pipes for greywater circulation from
the lower reservoir to the upper reservoir and a pump to supply water to
the upper reservoir. The upper reservoir supplies water to the open
channel (gravity system), and the lower reservoir collects water from the
channel. During the simulation, the water flow will continue to circulate,
and the flow condition is constant at each discharge.

Reservolr

2.3 Data Collection and Analysis

Total Simulation based on the amount of greywater samples and
variations in discharge. Discharge was measured using a V-Notch
upstream of the open channel. Velocity measurements were made using a
pitot tube and then compared to manual discharge measurements and
empirical equations. The discharge used is constant for all samples: 0.005
m3/s (Q1), 0.004 m3/s (Q2), 0.002 m3/s (Q3), and 0.015 m3/s (Q4).
Horizontal velocity height measurements (x) are 0, 2, 4, and 6 m. The first
simulation of a clean water sample, discharge of 0.005 m3/s (Q1) and
measurements at points (x) 0, 2, 4, and 6 m. The next simulation is for
different discharges and samples. The simulation activity can be shown in
Figure 2.

Circulation Pipe

Water Pump
[~ Open Channe

Figure 2: (a) open channel, (b) velocity height measurement, (c) discharge, (d) water level

The data generated in the simulation are velocity and water level at
various discharge, sample variations and the many points of
measurement. The data is calculated using empirical equations
(Triatmodjo, 1996, 2003) and analyzed to get the behavior or flow

characteristics of each sample, the relationship between flow parameters
and the value of these parameters. Flow characteristics using parameters
of velocity (V), Reynold number (Re), Froude number (Fr), and specific
energy (Es). The flow velocity (V) equation is:
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= 1 =V
%4 2gh 1) Fr P 3)
Where V = velocity (m?2/s), g = gravity (m/s?), h = height velocity (m). The

Where Fr = Froude number, Fr < 1 is sub critical, Fr = 1 is critical and Fr>
Reynold's Number (Re) Equation is :

1 is super critical, V = flow velocity (m/s?), g = gravity (m/s?), y = water

LRV level (m). The Specific Energy (Es) Equation is:
Re = v‘ (2)
Es=C+y 4)
Where Re = Reynold's number, Re > 1,000 is turbulent, Re < 500 is laminar, 29

R = hydraulic radius (m), V = flow velocity (m?/s), v = kinematic viscosity.

- s — s 2 - .
The Froude Number (Fr) Equation is : Where, Es = Specific Energy (m), V = flow velocity (m?/s), g = gravity

(m/s2), y = water level (m). Figure 3 shows the flowchart of this research.
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Figure 3: Flowchart

A

3. RESEARCH RESULTS Figure 4 shows the velocity value at the measurement point (x). The

velocity in all samples shows the same behavior, where the more upstream

Greywater simulation results in open channels are then analyzed to find
flow characteristics and the value of each parameter relationship. The
results of the analysis on the graph illustrate, four variations of discharge
and four measurement points on each sample.

3.1 Flow Velocity

Velocity was calculated using empirical equations. The value of velocity at
each measurement point can be shown in Figure 4.
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1.00
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0.40
0.20
0.00 - T r r

the channel, there is a decrease in velocity. The clean water sample is the
one that has the largest velocity. This is because this sample has a smaller
parameter value compared to other samples. Clean water (cw) is a sample
with parameter values that match the quality standard. The large velocity
is due to the increase in volume, which increases the hydraulic radius of
the open channel. Clean water (cw) velocity is 1.329-0.443 m/s, tofu
making (tmg) is 1.237-0.443 m/s, household (hhg) is 1.085-0.313 m/s,
laundry (1dg) is 1.172-0.465 m/s, and workshop (wsg) is 0.990-0.18 m/s.
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Figure 4: Relationship of Velocity (V) to Measurement Point (x)
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3.2 Relationship of Velocity (V) to Froude Number (Fr)

The most important factors in flow are discharge (Q) and velocity (V).
Variations in discharge (Q) are used to measure flow behavior or
phenomena caused by increasing and decreasing the volume of water in
the channel. The Froude number is used to determine the type of flow in
an open channel. The Froude number (Fr) is Fr < 1 is sub critical, Fr =1 is
critical and Fr> 1 is super critical. The relationship between velocity (V)
and Froude number (Fr) can be shown in Figure 5.

Figure 5 shows the relationship of velocity and Froude number (Fr). Clean
water (cw) sample, velocity (V) at 1.329-0.443 m/s, and Froude number
(Fr) at 1.73-1.12. Tofu making (tmg) sample, velocity (V) at 1.237-0.443
m/s, and Froude number (Fr) at 1.83-1.16. Household (hhg) sample,
velocity (V) at 1.085-0.313 m/s, and Froude number (Fr) 1.53-1.00.
Laundry (ldg) sample, velocity (V) at 1.172-0.465 m/s, and Froude
number (Fr) at 1,49-1,14. Workshop (ldg) sample, velocity at 0.990-0.18

m/s, and Froude number (Fr) at 1,50-0,58. The flow types in the
greywater samples almost all show supercritical flow (Fr>1). Household
samples at a discharge of 0.015 m3/s and a measurement distance of 6 m
show critical flow (Fr = 1). But workshop (ldg) samples at a discharge of
0.015 m3/s and measurement distances of 4 and 6 m showed critical (Fr =
1) and sub-critical (F < 1) flow (Triatmodjo, 2003). Conditions upstream
generally affect the flow downstream. Velocity (V) and water level (y) are
parameters that affect the Froude number (Fr) in open channels.

3.2 Relationship of Velocity (V) to Reynold's Number (Re)

Reynold's number in open channels is Re > 1,000, which is turbulent; Re <
500, which is laminar (Triatmodjo, 2003). Reynold's number in open
channels is influenced by velocity, and hydraulic radius is the ratio of the
area and wet perimeter of the channel. The relationship of Reynold's
number (Re) to velocity (V) can be shown in Figure 6.
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R, 0.80 - Linear (cw)
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o Linear (hhg)
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Figure 5: Relationship of Velocity (V) to Froude Number (Fr)
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Figure 6: Relationship of Velocity (V) to Reynold's Number (Re)

Figure 6 shows the relationship of velocity (V) to Reynold's number (Re).
Clean water (cw) sample, velocity (V) at 1.329-0.443 m/s, and Reynold's
number (Re) at 251688-19123 Tofu making (tmg) sample, velocity (V) at
1.237-0.443 m/s, and Reynold's number (Re) at 224228-22003.
Household (hhg) sample, velocity (V) at 1.085-0.313 m/s, and Reynold's
number (Re) at 191388-13270. Laundry (ldg) sample, velocity (V) at
1.172-0.465 m/s, Reynold's number at 211030-19683. Workshop (ldg)
sample, velocity (V) at 0.990-0.180 m/s, and Reynold's number (Re) at
192577-9840. All samples show turbulent flow (Re > 1,000). The velocity
value is linearly related to Reynold's number; the greater the velocity, the
more Reynold's number also increases. The greater the discharge or
volume of water, the higher the water level and wet cross section of the
channel will increase.

3.4 Relationship of Velocity (V) to Specific Energy (Es) and Energy
loss (AEs)

Energy is the power or force generated from the movement of solid and
liquid substances or from changes in flow movement. Specific energy is the
height of power at any cross section measured from the bottom of the
channel, or the power of each unit weight of water at any cross section

measured from the bottom of the channel (Triatmodjo, 1996, 2003). The
relationship between velocity (V) and specific energy (Es) can be shown in
Figure 7.

Figure 7 shows the relationship between velocity and specific energy.
Clean water (cw), velocity (V) at 1.329-0.443 m/s, and specific energy (Es)
at 0.17-0.02 m. Tofu making (tmg), velocity (V) at 1.237-0.443 m/s, and
specific energy (Es) at 0.15-0.02 m. Household (hhg), velocity (V) at
1.085-0.313 m/s, and specific energy (Es) at 0.13-0.02 m. Laundry (1dg)
velocity at 1.172-0.465 m/s and specific energy (Es) at 0.15-0.02 m.
Workshop (1dg), velocity at 0.990-0.98, and specific energy (Es) at 0.14-
0.02 m. The highwater level is expected to increase the specific energy
value of the flow. Some factors that affect the height of the water level in
open channels are the slope of the channel bottom, channel width,
discharge, roughness, and others. Specific energy is directly proportional
to the velocity and height of the water level; the greater the velocity and
height of the water level, the greater the specific energy. This research is
also the same as research by R. Bachrun et al, showing variations in flow
discharge affect the water level and flow regimes in the pipe (Bachrun et
al, 2020).
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Figure 8: Relationship of Velocity (V) to Specific Energy Loss (AEs)

Figure 8 shows the relationship between velocity and specific energy loss.
The measured velocity and water level at the channel cross section are not
the same. At constant discharge, there is a change in the value of specific
energy at a distance of 0, 2, 4, and 6 m. This difference in specific energy is
called energy loss. Clean water (cw), average energy loss of 38.60%; tofu
making (tmg), average energy loss of 32.15%; household (hhg), average
energy loss of 39.03%; laundry (ldg), average energy loss of 42.79%;
workshop (ldg), average energy loss of 45.29%. The largest specific energy
loss in each sample is at a distance of 4 and 6 m. The more downstream the
accumulation of energy loss, the bigger in specific energy, variations in
water level occur due to changes in roughness, channel cross-sectional
shape, base slope, or conditions upstream and downstream (Triatmodjo,
2003). R bachrun et al. in his research on energy loss in pipes with with
greywater samples, the results show that energy loss is determined by
velocity (V), friction coefficient (f) that occurs between flow particles and
pipe walls, pipe dimensions (D), and flow length (L). In addition, greywater

=1

’|

characteristics in the form of density and particle grain size also have an
effect. Suhudi et al in their research, analyzed the specific energy before
and after crossing the threshold. The results showed that the greatest
energy loss occurred at a wide sill with a length of 10 cm in Q1 flow. The
change in water level was greater in the wide sill Q1 channel with a length
of 30 cm, while the Froude number and specific energy were greater in the
wide sill Q1 channel with a length of 20 cm (Bachrun et al., 2020).

3.5 Flow Phenome in Open Channel

The results of the flow characteristics are caused by the interaction
between the greywater and the open channel. The flow parameters impact
each other. The amount or composition of greywater depends on its source
The parameter values indicate the presence of dissolved and undissolved
greywater content. Discharge variation, greywater sample variation,
measurement distance and channel model which are the research
parameters show different phenomena and behavior (Figure 9).

R

Figure 9: Flow phenomena in open channel (a) household, (b) tofu making, (c) workshop, (d) laundry

The flow behavior of laundry (ldg) greywater samples and tofu making
(tmg) tends to be the same as clean water samples. The resulting flow
velocity is similar to that of clean water (cw). Household greywater is
greywater whose composition is very complex. This greywater contains
animals and plants (open channels), solids, oil, fats and oils, sulphur,
viruses, bacteria, animals, pH, gas, Odor, and colour (Asmadi S., Si M.,
Suharno S.K.M., 2012; Sugiharto, 2008). In addition to being liquid,
household greywater also contains solids or sediment. These solids cannot
be dissolved and have grain size and weight. Sediment has a falling velocity
(gravity), and if it cannot be suspended in the flow, it will accumulate and

settle to the bottom of the channel (Figure 9 a). For this reason, in
greywater that contains solid particles or sediment, the flow velocity must
be greater than the velocity of falling sediment. Greywater is called limit
deposit velocity, which is the minimum velocity needed to avoid
deposition in the channel. Workshop (wsg) waste comes from vehicle
washing, oil changes, or vehicle repairs. The composition of water and oil
tends to separate, where oil is always above water because the specific
gravity of water is greater than that of oil. This phenomenon can be found
in the Q3 and Q4 discharge variations. The remaining oil residue will affect
the biological and chemical activities contained in the sample (Figure 9b).
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Tofu making (tmg) waste comes from the remaining soybean processing.
The main content of this waste is organic compounds in the form of
proteins, carbohydrates, and fats. The volume of organic matter will
increase with time. This phenomenon is like workshop waste; the
remaining residue that spills will affect the flow in the channel (Figure 9
). The main content of laundry waste is detergent. This condition is like
oil and fat; detergent contains organic zinc, causing froth or bubbles along
the flow. Large amounts of bubbles and froth can overflow the channel,
reducing the volume and cross-section of the channel (Figure 9 d).

3. CONCLUSION

Knowledge of the characteristics of greywater and the flow characteristics
that occur in the channel is very important. In order for channel
performance to be achieved in the absence of water and deposition in the
channel, it is important to determine the minimum velocity for each
greywater source. Research on flow characteristics in open channels has
not been completely investigated, especially in the form of greywater
sources. The expected benefits of this study are to provide an overview of
greywater quality and its impact on the environment. Provide an overview
of the nature and behavior of the channel that occurs in the channel due to
the influence of greywater characteristics. Can be used as a reference in
channel planning.

In this study, it results in flow characteristics using the parameters of flow
velocity (V), Reynolds number (Re), Froude number (Fr), and specific
energy (Es) for each greywater. Clean water velocity is 1.329-0.443 m/s;
tofu making is 1.237-0.443 m/s; household is 1.085-0.313 m/s; laundry
is 1.172-0.465 m/s; and workshop is 0.990-0.819. The largest velocity is
in the tofu waste; this is due to the value of the sample parameters, which
tend to be smaller than other samples. Limit deposit velocity (LDV) in
household waste samples is at a velocity of 0.313 m/s; at this velocity, the
content of solid particles begins to settle. Energy loss significantly affects
the flow characteristics.

This study recommends setting the minimum velocity for each greywater
in drainage planning. pre-treatment before greywater is discharged into
the channel, so that the parameter values match the greywater quality
standards. It is recommended that research be done related to different
types of greywaters, materials from channel models, and flow
characteristics in channel models that include pre-treatment.
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