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ABSTRACT

The high rates of urbanization and the rapid development in urban areas causes the more densely populated that require
water in large enough quantities. Water that has been used by the people in general is thrown back into the waterbody or
nver under conditions that have been contammated (wastewater), so 1t would pollute the riverwater, while at the downstream
arca peoples still use the nverwater for daily use. To overcome this problem we need a model of how wastewater puntfication
performed before wastewater is channeled into the river. This study aims to plan a Punfication model for communny
wastewater before it channeled into the niver, to find out how much the rate of decrease in turbidity of the riverwater afier
passing through the filter water purification. and to determine the effect of water level that flows in the channel of the river
onto the discharge of wastewater out past the filter. By usmng the expenmental method in the laboratory of Hyvdrauhes, made
a physical model of the river where the bottom line sand filter fitted with a thickness variation of dem. Sem, 12¢m, 16em.
and 20¢m on the gradation of 2 3mm. 1 8mm, and 1.5 mm pipes connected 1o the source of wastewater.

The results showed that the model used wastewater treatment can reduce wastewater turbidity to 30-40 %o, and the height
of the riverwater flowing on give effect onto the purification of wastewater discharge out past the filter.

Keywords: Warer Purification, Wastewater, Riverwater

INTRODUCTION

Water and 1ts sources are natural resources that must be
used by living things to carnes on s survival and
maintam their well-bemg. 1t can be said that the water can
not be separated from life and without water there can be
no hle.

The rapid development i vanous sectors and high
population growth rate requires large enough water,
which is often not available. but although it is available
but the quahity is stll not eligible. Wastewater carrying
pollutants flowing into the river causing the nverwater 15
also polluted so that the riverwater quality is no longer
suttable for a vanety of purposes. including for purposes
of domestic and industrial water. Soemarwoto Otto
(2009). The use of resources for development is always
accompanied by pollution. Bahtiar, Avi (2007), one of the

pollution that may oceur as a result of the presence of

constiucthion actvities 1s contamination of water sources,

Urban wastewater is one of the water resources that can
be used for varous purposes. Some of the constraints
fnced n the reuse of wastewater due to urban wastewater
quahity does not meet with the water quality requirements
for the various purposes ie. it contains sizeable element
of pollutants, therefore before re-use. it needs to be done

Notoatmodjo 8 (2003). Although wastewater just a
residual water but it has a large volume because
approximately 80% of the water used for human’s daily
activities  thrown  back o the  waterbody  under
condiions that have been contammated (wastewaler)
Furthermore. the waste water will eventually flow into
rivers and the sea to be used agam Therefore, this
wastewater must be managed and treated well using the
appropriate technology

Selection of wastewater treatment technology should
consider a few things. among others the amount of
wastewater 1o be treated. the expected water gquahity
processed. case of management, avarlability of land and
energy resources, as well as operation and mantenance
costs be Kept considerable low. Each type of wastewater
treatment  technologies have some  advantages and
disadvantages in each speaific case. therelore m terms of
the selection of these technologies need 1o be considered
technical aspects. economic aspects and environmental
aspects, as well as human resources that will manage the
facilitics

Many developed and developing cities located around the
watershed. Initially these nvers can ensure the needs of
the commumty’s clean water. However, due to the more
dense population, previously land used as a commercial
sewer, now become the settlement so that an altemnative

the processing to achieve the allowed rc([u'fﬁc quality,
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society  with  government  facilines  disposing  the
generated wastewater in to the nearest water bodies such
as nivers, So the nverwater becomes dinty and polluted.
This study examines the model of community wastewater
treatment before it flows mto the river

2. LITERATURE REVIEW

2.1. Wasterwater

According to Lhless and Steel in: Chandra Budiman
(2007). wastewater i1s used water from  houscholds.
restaurants, industnal. and other public places that
usually contain organic stufl’ or substances that can be
detrimental to health and human life as well as disturbing
the environmental  sustamability.  Dyadimingrat All
(1995), Wastewater 1s the concentration of pollutants in
water within a period of ime which can cause certain
effects that can be detrimental to health and  the

environment. According to the decree of the Minister of

State for Environment. No 112 of 2003  Domestic
wastewater 15 wastewaler from  businesses and  or
selitlement activities (real estate), restavrant. office.
commercial, apartments. and  dormitories.  Domestic
wastewater quality standards appropriate with the decree
of Minister of State for Environment. No. 112 0f 2003 as
shown in Table 1

Table 1 : Quality standard of domestic
wastewater

Maximum levels

Parameter Unit
a
pH - 6-9
BOD mgl 100
T8S mg | 100

Onls and Fat
d Iats mg/l 10

Source: Mmister of State for Environment. No. 112 of
2003

2.2, Wastewater Characteristics

Sugiharto  (1987). Determimnation of  the degree of
impurities for wastewater greatly influenced by the
physical properties that is casily seen on the water. The
important physical properties of water are solids as the
effect of acsthetic and clarity, smell. color. and
temperature as well.

Chandra Budiman (2007). suggests that the phvsical
charactenstics  of wastewater consist of 999 %o water.
0.1 %o contams suspended solids, the volume of sohd
matenal varies between 100-500 mg - L If the volume of
solid materials is less than 100 mg -~ | the wastewater 1s
called weak, while 1f the solid matenial 1s more than 300
mg s called strong

2.3. Wastewater Treatment

Dygadiningrat - AH (1995), The process ol any
wastewater treatment may not be able to chmmate at all
levels of contanunants, but can only be lowered until the
limits permitied by the applicable regulations. (Sugtharto
1987, The mamn purpose ol wastewaler treatment lo
reduce Biology Oxveen Demand (HOD), mixed particles,
as well as the organism ol pathogen killer,

Joubert L. etal (2005). The wastewater must be treated to
reduce pollution. Wastewater treatment can be done by
making the tub drams and mfiltration by observing the
following condittons;

1. Not contammnate drninking water sources n the
surrounding area

2. Iud not pollute the soil surface

3. Not cause annoving odor,

4. Construction 1s made simple with casily available
matenals

5. Minmmum distance between the water source 1o the
catchment basin 1s 10 m

Dyjmjadinmgrat AH (1995), There are three things to note
m the system that is used i wastewaler treatment as
tollows: | Charactenstics of wastewater, 2. Assvmilative
capacity ol the receving waterbody, 3. Regulations
concerning the applicable wastewater lor the concemed
waterbody. (Sugiharto 1987) Choosing an appropriate
wastewater treatment technologies to note the following
mformation: 1. Charaeteristics of wastewater and its
source. 2. Quahity and quanuty ol wastewater, 3. Use of
land. <L Environmental conditions, 5. Regulation of
wastewater disposal

Sugiharto (1987). Principles and sclection technology
procedure for waslewater treatment mto account. |
Conformity  processing  technology  with  the
charactenistics of the waste water. 2. System rehability. 3,
Investment and  mamtenance fee. 4 The tvpe of
cquipment and parts used for waslewater treatment
technologies
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2.4. Water filtration
2.4.1. Water filter

Water filtration is a procesElbf separating solids from
waler that brought it uses a porous medium or other
porous malerials 10 remove the fine suspended solids and
colloids as much as possible. Besides reducing the solids
content, water punfication can also reduce bactenal
content, removes color, taste, odor, iron and bacteria

2.4.2 Filter Media and Sand Distribution

filter media may be composed of natural silica sand,
anthracite, or garnet sand. Selection of filter media that
will be used is done by sieve analyvsis

Effective size of filter media is a filter media size that 1s
considered the most effective m separating impurities in
the amount of 10%0 of the total depth of filter media laver
or 10% of the heavy fraction. this s often expressed as
Pio (10th percentile). Pyo can be calculated rom the ratuo
of it average size and standard deviation

Untformity coellicient is the number of filter media
uniformity expressed by the ratio between the diameter
size of filter at 60% weight fraction

2.4.3. Filters hydraulics

In principle the flow of granular media (sand filter) 15
constdered as the flow of water through manv pipes at
once, The pressure loss in the pipe due to friction of flow
following the Darey - Weisbach equations as follows:

_piN2 3
h = fm (1
Where :

he - pressure loss due to friction of flow
L = length or depth of the media

V - flow velocity,

D diameter ol the canal

I'he portion of the pressure loss at the lilter media can be
determined by using a Piczometn expenments in the
scale of laboratory.

If r is a hydraulic radius size on the pipeline
channel, so
pipe volume bz L D,

= = = (2)

wet circumference of pipe  4aDcL 4

Medim porosity £ can be expressed as a ratio:

media cavity volume 3)
L= - X
Cavity volume + volume of media granular

It Vp s media particle volume. Np 1s the number of
media paricles. so Vv as the total volume of vords can be
expressed as lollow

b= (=) M, (4)

I=¢

I Ab s the graim surface area so, the hvdraulic radins ris:

;:(..‘__).’.‘:E."'l:(L)E (5)
1=£/ Ny Ay, 1-£/ 6

From equation (4) obtained r = De 4. so that

2 r
D =3d (i3 6)
I'his approach to the flow rate = Va (discharge wb area).
so the velocity of water in the pipe v can be caleulated

v= = (7
L 4
I in the case of caleulating the pressure loss using the
Bemoull equation. then to caleulate the volume tlow rate
(chscharge) can be used the following formula

md?

Q:VxA———V—-r (8)

The above formula states that the discharge ol waier
flowing m the pipe 1s depended very much on the flow
veloeny (V) and the dinmeter of the pipe (d)

3. RESEARCH METHODOLOGY
3.1. Research Design

As per the hinal goal of this research. so the tvpe of this
study emphasizes on the expennments design model
conducted i the laboratory with create a model of the
niver that resemble the onginal shape in the field consist
of - a nver model, a Nlow model equipped with the
punfication of wastewater before it enters the nver. This
study was conducted with the following vanables

3. 1.1 Vanables that determine the phyvsical quality off
the nverwater mixes wath wastewater which has
been  cleared up mclude: (1) Turbidity of
wastewater before [iltered, (2). Discharge of
wastewater to be disposed (3). The level of
rverwaler turbidity (4) Discharge of riverwater
flowing in the nver. (3). Punfication material and
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1ts thickness.

3.1.2. Model of wastewater filter before it flows into
the nver

313 Turbidity level of filtered wastewater as a
determinant of the effectiveness of the used filter
model.

Sand ———
. . - . N
River model equipped with the wastewater purilication as sy

seen in preture | Gbery

wadtewaler through after
Tools Prification sereening becomes clear

Krangken

/ Wagnter Water

Figure 3. Wastewater filtration

fesudents settlem
wastéwater poured |
Tiver

Figure 1: Model of research desien

Figure 4. Filters wastewater in the riverbed

Figure 2. Wastewater treatment plant

Figure 5 Water flow of the river at a height of 60 em
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3.2. Data Collection Techniques.

Phases of activities carried out in this study, starting
from the manufacture of tools, open channel, where in the
middle at the channel’s bottom 1s made water filtration
and linked to the wastewater sources. To drain the
water in the nver model performed with using 2 pumps

with a capacity of 2,200 liters minute. The collection of

turbidity data as the filtered water was conducted as many
as 12 samples each of the vanables done under study for
60 mimnutes with intervals of 3 minute.

4. RESULTS AND DISCUSSION

Determmation the urbidity of filtered wastewater done
with flowifgElvastewater in the sand filter with vanation
of graded 2.3 mm, 1.8 m. and 1.5 mm with a thickness
variation of cach filter 4 ¢m, 8 cm, 12 ﬂ 16 cm, and 20
cm in cross-section filter respectively 20 x 20 em, 20 x
30 em. and 20 x 40 cm.

Determination of average discharge of wastewatdfihat
passes through the filter with the sand thickness of 5 cm,
10 em, 15 em, 20 em. 25 cm. and 30 em. taken after the
waler Ic\ul' the niver that flows m the channel at the
height ol 10.em, 20 em . 20 ¢cm. 40 ¢m, 50 em, 60 em, 70,
cm. and 80 em. and stabilized for 2 nuinutes. the results in
the table below

Table 2: Gradation Filters (D)
0.0023 M; Thick Filters (t) = 0.20
m: cross section of A 20 x 20 em

Turbadit Debit Fime V= QF T-D.t
v(NTL) L Sec (Sec) (m' Sec) v
i Q T v X
300 025 0 00063 00
2176 0222 300 (10056 246
2154 0.221 600 0.00553 50,2
213 0,22 90 00055 753
210.8 0219 1200 0.0055 1004
208.6 0,218 1500 D,0055 125.5
2059 0,217 1800 00054 1533
2033 0216 2100 00054 1789
2003 0.215 2400 10,0054 204 4
197.7 0.214 2700 00054 2300
1953 0213 3000 nnos3 2604
192.7 0,212 3300 0,0053 286.4
189.2 0.21 3600 00153 312,5

Table 3: Gradation Filters (D)
(LOOTS M; Thick Filters (1) = 0.20 m;
cross section of A 20 x 20 em

Tutbidity:— Debit lime Vv-QF I:2:t
(NTU) 1. See (Sec)  (m'See) v
Y Q) I v X
300 025 1] 00063 0.0
215.2 0,22 300 0.0056 193
2129 0219 (eI ld] 0,0055 393
2106 0218 GO0 0.0055 89
2083 0218 1200 00053 78.5
206 0,217 1500 00055 982
2036 0216 1800 00054 120,00
2012 0215 2100 (005 1400
198 8 0214 2400 0,005 160.0)
196.3 0213 2700 0.0054 1800
1938 0.212 3000 00053 2018
1913 0211 3300 00053 2242
188.8 0.21 3600 0.0053 244.3
Table 4: Gradation Filters (D)
0.0015 M; Thick Filters (1) = 0,20 m;
cross section of A 20 x 20 em
Turbidity Debnt hime V= QF s
(NTU) L See (See) {m' Sec) B
Y (8] T v b4
300 0,25 0 000463 0.0
2137 0.214 300 00056 16.1
2110 0,213 600 00055 327
208.5 0211 Q00 00035 49,1
2058 0.21 1200 0.0055 055
203 0,200 1500 0.0053 818
2002 0,207 1800 00034 0.0
1974 0,206 2100 00,0034 16,7
1944 0,203 2400 0.0054 133.3
191.3 1.203 2700 0.0154 1500
188.2 0,202 A000 00053 16498
I185.1 0,201 3300 00053 1868
1819 0199 3600 00053 2038
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200
—e—Gacdation (D) 2,3 mm
== Ciadation {0) 1,8 mm
§ L g Gitactabion (D) 1,5 mm
Z
§" 230
5
Joy
1720
00 500 1000 1500 2000 2500 1000
T.D.t/V

Figure 6 Graph showing the velationship betw een filter
results with the sieve.of gradation

Wastewater with turbidity of 300 NTU, after passing
through the sand filter thickness (1) of 0.20 m n cross-
section filter (A) 20 x 20 ¢m with a gradient of 2.3 mm,
the data obtained fliered wastewater, at 5 minules
filtration twrbidity decreased 1o 217.6 NTU, was obtaned
at 60 min fltering 1892 NTU turbidity, bemg i
gradations ol 1.8 mm sieve, filtered water obtained at §
min filtering 215.2 NTU. was obtained at 60 minutes
flterimg 1888 NTU wrbidity . and the 1.5 mm sieve
gradation obtaned filtered water i 5 minutes filtering
2137 NTU. was obtained at 60 minutes filtering 1819
NTU turbidity.

By using the wastewater treatment plant that puts the
filter in the bottom of the rver channel 1s connected to
the sources of wastewater covered, the results indicate
that the filter is used to decrease the wastewater turbidity
between 30-40%,

Table 5: The relationship between
the water level of the river (T) of
the water discharge (Q) which
pass through 2.3 mm sieve

gradation,
Debit Q  The waler level O Filter Thick filter
Ivsec of the nver (m") (m') (m')

Q T D I
0,209 ] 0.0023 03
0.208 0.1 0.0023 0.3
0,204 02 00023 0.3
0,201 03 00023 03
0,198 04 00023 (1]
0,194 0.5 00023 0,3

0.1 0.6 0,0023 0.3
0,187 07 00,0023 (K]
0.185 0.8 0.0023 03

Table 6: The relationship between
the water level of the river (T) of
the water discharge (Q) which pass
through 1,8 mm sicve gradation,

Dbl Q I'he water level O Filter Thiek lilter

It see of the niver (m'") (m") (m"
Q 1 1 |

10,203 1] HALIRES (3
0.2 0.1 00018 03
0,197 0n2 0oors 03
194 0.3 URLTTE 0.3
0,191 0.4 00018 0.3
(.188 03 00018 0.3
0,185 0.6 0018 03
n.181 0.7 (IR 03
0,178 %3 00018 K]

Table 7: The relationship between

the water level of the river (T) of

the water discharge (Q) which pass

through 1,5 mm siceve gradation.

Debit Q I'he water level O Filier 'k tilter

I sec of the nver (m') (m’) (m")
Q T D I

0,201 1] oS 1]
0199 0l 0nonls 03
0,197 02 00015 03
0,193 03 nonls i
0,189 0.4 015 03
0,187 03 n.nols 0
0,183 0.6 00015 03
0,18 0,7 nonls 03
0,178 0.8 00015 03
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Figure: 7 Graph showing the relationship between
discharges of filtered water on to the height level of
riverwater flowing over the filter.

Discharge of wastewater flowed without filter 15 023
liters/sec. after passing through a filter with a gradation
of 23 mm. 30 cm thick without pverwater flow,
discharge past out passing the filter (.209 liters second,
after the water is flowed as high as 10 em discharge of
water  channel  passing  through the filter 15 0208
liters/second. and at a height of 80 em the discharge that
pusses through the Glter 0,185 liters second. At gradation,
30 em thick without water flow, discharge coming oul
past the filter 0.203 Iters © second, the Nowing water
discharge height of 10 em of water through a sieve ol 0.20
liters  second. and the water level in 80 cm discharge
channel that passes through the filter 0178 liters second.
At 15 mm flier gradation, 30 ¢m thick without water
How, discharge commg out past the filter 0,201
liters'second, the flowmg water as high as 10 cm
discharge of water through the filter 0,199 liters - second,
and the water level in the channel 80 em discharge that
passes through the filter 0,178 hiters second

The results above show, that beside there 15 an mfluence
of the gradient filter on the discharge also affeets the
height of water flowing in the channel out past the filter.
the higher level of water flowing in the channel. the
smaller discharge of low passed out of the filter

5. CONCLUSION

1. The Model of ereated wastewater filtration is a

lilter that 1s placed m the middle of the river bed

which 1s connected through a closed channel to

the source of wastewater of the city.

Model wastewater punfication as the result of

this research can effectively  decrease  the

twrbidity 30% 1o 40 '

3 There is an mfluence of the height level of
nverwater lowing over the filter 10 the Now of

ta

International Journal of Engineering and Technology (IJET) — Volume 4 No. 7, July, 2014

water out past the filter. The higher level of the
water that flows over the lilter. the smaller
discharge of water out past the filter placed n
the nuddle of the nver bed
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