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SICEST

SICEST (Sriwijaya |International Conference on Engineering, Science and
Technology) is the firsrt regular conference organized by The Faculty of Engineering
Sriwijaya University focuses on engineering, science and technology in innovation
and development.

The objectives of the conference are:

EITo bring together experts active in engineering, science and technology

ETo explore research findings in the field of engineering, science and technology
MTo discuss current development in innovation of Engineering, science and

technology issues
ETo enhance collaboration and networking among experts in the field on

engineering, science and technology

SYMPOSIA

A Sriwijaya International Symposium on Civil
and Architecture Engineering

Hast | Civil & Architecture Engineering Department

B Sriwijaya International Symposium on Chemical
Process, Biotechnology & Energy Engineering

Hast : Chemical Engineering Department

c Sriwijaya International Symposium on Mechanical
and Materials Science &Engineering

Host : Mechanical Engineering Department

D Sriwijaya International Symposium on Mining,
Geology and Environmental Engineering

Host: Mining and Geology Engineering Department

E Sriwijaya International Symposium on Electrical
and Computer Engineering

Host : Electrical Engineering Departmeant

g
‘- .-I-

SICEST2016

Bangks Islantindonasia, 8:10 Movember20 15 e




SICEST

[SEN 872-387-621-1

SRIWLIAYA INTERNATIONAL CONFERENCE ON

ENGINEERING, SCIENCE & TECHNOLOGY - 2016

LNIVERSITY

University of Tennessee - USA

Ecaole Centrale de Nantes — Franca
University of Twente — Netherlands

Firat University — Turkey

Obafemi Awolowo University - Nigeria
Faderal Univarsity of Technology - Nigeria
King Saud University — Saudi Arabl
Sultan Qaboos University — Oman

KE Callege — India

Bharata Martha College — India

Curtin University - Australia

Universili Teknalogi Malaysia — Malaysia
Tokyo University of Science — Japan
Yokohama National University — Japan
De La Salle University — Philippines

Can Tho Universily - Vietnam
Academia Sinica - Taiwan

Chonbuk National University - Korea
The University of Queensland - Australia

SICEST Author's Affiliations

Tokyo University of Agriculture and Technology - Japan
The University of Hong Kong - Hong Kong

Sejong University — Korea

Mational Taiwan University of Science & Technology — Taiwan
King Mongkut's University Technology Thonburi — Thailand
Thai Mguyen University of Agriculture and Forestry — Vietnam
Nanyang Technological University — Singapore

National University of Singapore — Singapore

Korea Institute of Industrial Technology - Korea

Universiti Tun Hussein Onn — Malaysia

Universiti Kebangsaan Malaysia — Malaysia

University of MARA Technology Malaysia — Malaysla
Universiti Malaysia Pahang — Malaysia

Universiti Sultan Zainal Abidin — Malaysia

OTHERS
Ecaphile — Korea
German — Malaysian Institute - Malaysia
PUB (Singapore National Water Agency) - Singapore
Surbana Jurong Consultants Pte. Ltd — Singapore

SICEST2016
‘Bangka leland-ndanesis. 8-10 Novembar PO16

-
=
e
-
o
5




UNIYERSETY [ COLLEGE

E'.-CJMPANY F-.ND GTHEH‘S ?

PT. Krakatau Stecl

PT Wijaya Karya Befon, Thk
Manocenter Indonesia

PT Adaro lndonesia
SecPangea Research Group
PT Teno Indonesia

PT Ecophile Green Indonesia

|-'\.p|i

SwigEya Uravarsify

fnstilutz of Technelogy Bandung
Universty of Indorssia
Gadiah fada Unive 5

Padjalaran .ir-.".'n.rsi:-,-

n

Sacmegere

Erawijay

ety fBghs
ibatas Blaret Ur ||'|L'_!-“]'

Mataran University

Trsakt Uiy

Hmjzaraih Ia T
Univzraity of Lampung
bmpeas ||
Angsas Univ

Uriers h-":l Jambl

Bira Nusantars University

rden

Tanjungera U

of Narts Sumatsra

18513 LAmQIEf

universily

leEIL

=
araiky

fef University el

ISEN §79-587-621-1

LR, P B R | o

SRIWIJAYA INTERNATIONAL CONFERENCE ON
ENGINEERING, SCIENCE & TECHNOLOGY - 2016

continued.... authors affiliations

oo Musantara
Peortaming st
PT. Bataminda Investmeant Cakrawala
FT. Mewmont Musa Tengaara

cam Technaology Center

Sekampung River Organization (Mesuji)
Wiatershed Managemeant Technelogy Centre

oy of Indey Glabal

SI’CES T'Em &

Bangka Islanddndonesie B8-10 Nauﬁn‘mwj—“n‘l 8oy

o e




ISEN 878-587-621-1

S | C EST SRIWIJAYA INTERNATIONAL CUNFERENCE ON
ENGINEERING, SCIENCE & TECHNOLOGY - 2016

WELCOME NOTE

FROM THE RECTOR OF SRIWIJAYA UNIVERSITY

On behalf of Sriwijaya University, | am very much
privileged to congratulate all participants of The First
Sriwijaya International Conference on Engineering,
Science and Technology 2016 (SICEST 2016). This
conference is part of the activities to mark the 56th
year anniversary of Sriwijaya University.

Today our world is facing the engineering, science
and technology problems. Research and
development in  Engineering, Science and
Technology are one of a few sectors that can move
forward and expected to be a share for regional and
global economic recovery. | hope this international
conference on engineering, science and technology
can partially respond to the above issues.

World class universities and academic institutions are acknowledged by the
high quality of researches produced and large number of high impact research
publications. Therefore, high quality of researches and publications become the
primary mission for an academic institution to achieve. Sriwijaya University as
one of Indonesia’ s leading universities has determined to support the
enhancement of researches and publications by providing platforms such as
international conferences.

Finaly, | am very grateful fo the dedicated efforts of all the committee members
who have involved in preparation, organization and administration of this event.
| hope this conference will provide opportunities to all of participants to
exchange ideas and result of their work and also to discuss future cooperation
plans in engineering, science and technology development.

Thank you very much for your kind participation and | wish you all the best of
luck,

Rector of Sriwijaya University
Prof. Dr. Ir. Anis Saggaff, MSCE
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SICEST

FROM DEAN OF FACULTY OF
ENGINEERING SRIWIJAYA UNIVERSITY

Welcome to the 1st  Sriwijaya Intemnational
Conference on  Engineering, Science, and
Techneology (SICEST) 2016. This conference is a
regular program organized by Faculty of Engineering
Sriwijaya University. In accordance with the rising
demand for global hamrmonization of education, there
will be increasing needs for international stages as
the media for international community to mest,
exchange ideas, cultures, and create collaborations.
SICEST is created as a partial effort o accelerate
international collaboration and dissemination of
researches in the field of Science, Engineering, and
Technology,

ISBMN 979-587-821-

SRIWIJAYA INTERNATIONAL CCINFE
ENGINEERING, SCIENCE & TECHNOLOGY - 2016

WELCOME NOTE

In order to make SICEST2016 gives more benefit for scientific communities, this
conference is not only served as a media for research dissemination via presentation.
SICEST2016 develops publication cooperation with four SCOPUS indexed publications
to ensure the papers from this conference are well recorded in international database

and recognized worldwide.

It is our greal wishes and expectation that all distinguished guests and participants will
get the benefits from this conference in order to make this event accomplishes its

missions.

May all participants will have memorable experiences in Bangka Island Indonesia and

enjoy the conference.

Best Regards

Dean
Prof. Subriyer Nasir, MS., PhD
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REMARKS FROM CHAIRMAN OF SICEST 2016

Honored Guest, Distinguished Scientists and Researchers
Ladies and Gentlemen

On behalf of The Organizing Committee, | would like to extend a warm welcome to all
distinguished pariicipants who are attending the First Sriwijaya International Conference on
Engineering, Science and Technology 2016 (SICEST 2016), with the theme @ "Building a
better future through innovation in engineering, science and technology” This conference is
the first international conference organized by the Faculty of Engineering, Sriwijaya University.

SICEST2016 received 650 submissions, that were sent to review process by SICEST
reviewers. After a thorough consideration based on the quality of paper submitted. SICEST
Scientific Committee selected 220 papers for SCOPUS Publication by SICEST Publication
Partners. There are four SICEST2016 publication partners i.e. Jurnal Teknologi, IJASEIT,
MATEC, and IAES Joumals. SICEST Scientific Committee also selected 180 papers for
participation in SICEST2016 in Non Scopus Publication. There are 60 participants registered
as listener,

The papers in this conference are contributed by scientists, researchers, engineers, students,
professional stakeholders, plant builders, consultants, government officials, markelers and
professional users/buyers of energy etc., coming from 20 countries and 137 affiliations.

We do hope that by erganizing this conference will bring the most exciting development on
Engineering, Science and Technology for our better future. This activity will provide a forum,
where all concerned, may change ideas, information and knowledge to enhance the
development of engineering, science and technology.

I hope that fruitful discussions during the conference will lead to the next steps in expanding
engineering, science and technology cooperation, and once again my cordial welcome, my
best wishes and a memorable stay in Bangka Island. Through this occasion, we would like to
apologize for any unfavorable situations that may cause inconvenience during the SICEST
20186,

Chairman
Dr. Muhammad Faizal
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Simplified Hydraulic Conceptual Model for Stormwater Treatment
Bioretention Basin

Isri Ronald Mangangka*
Department of Civil Engineering, Faculty of Engineering, Sam Ratulangi University, Manado 95115, Indonesia,

Abstract: A bioretention basin performs as a pollutant removal device using filtration as the main mechanism, supported by
evapotranspiration, absorption and biotransformation. This is in addition to attenuation of runoff peak flow and reduction of runoff
volume through detention and retention [1]. Past studies have reported that pollutant concentration reduction in bioretention basins is
poor for a range of pollutant species particularly for nutrient species [1][2][3][4]. However, a substantial reduction in outflow volume can
lead to significant reduction in pollutant loads [5].

A range of studies have been conducted for assessing bioretention basin performance and hydraulic and pollutant removal processes
[B[7][8][9][10](11][12]. However, most of the past field studies have been conducted to evaluate the long term treatment performance
while most of the studies which focused on developing an in-depth understanding of processes have been conducted using laboratory-
scale models [13][14][15]. This has resulted in knowledge gaps relating to field performance and associated pollutant removal
processes in relation to bioretention basins.

As a part of this study, a selected operating bioretention basin was evaluated for its hydraulic processes. This paper focuses on the
development of bioretention basin hydraulic conceptual model. The model utilises a range of conceptual approaches and empirical
equations. The model replicates the infiltration processes through the filter media and water movement within the system from the inlet
to the outlet. The model was successfully calibrated using on-site recorded inflow and outflow data.

Keywords: Bioretention Basin, bioretention model, hydraulic conceptual model.’

e-mail: isri.mamgangka @unsrat.ac.id"

1. INTRODUCTION

Hydraulic processes play an important role in stormwater
pollutants removal by bioretention basins. As pointed out by
numerous researchers (for example [6] and [8]), hydraulic factors
such as residence time and outflow discharge are the most
critical. These factors can be obtained using design
configurations in event-based assessment. However, in-depth
assessments which require variation of these factors within an
event require a modelling approach to generate the relevant
hydraulic factors. Due to this reason, a conceptual model was
developed to estimate hydraulic factors in short time steps. The
developed model contains a range of conceptual approaches and
empirical equations. The model was developed to replicate
stormwater infiltration through the filter media, and water
movement from the drainage layer exiting the bioretention basin
through the perforated pipes. PLAN VIEW

2. THE PRINCIPLES AND ASSUMPTIONS ADOPTED FOR

THE MODEL

Hydrauiic CharECtBriStiCS Of a bloretentlon baSIn are primar”y ZOME 1 |ZOME 2|ZOHE 3 (ZONE 4 <ﬂ?iE5I’ZDNE6 ZOME 7 |ZDME 8 (ZONE 9| ZONE 10
based on infiltration and percolation of stormwater through the (855 PR CosRoy BTG 20960 900
filter media and can be classified as typical subsurface flow. Sl heial i =1 )l ;
Subsurface flow can be best replicated by 3-dimensional flow FNIISE SR R e SRS ST N, z

models, which are very complex and often requires numerical
analysis [16]. To reduce this complexity, a range of assumptions
Lk madg primarily to convert a 3-dimensional flow system to a Fig. 1. Simplifying 3-dimensional flow into 1-dimensional column
1-dimensional flow system. In the conceptual model, the based flow

bioretention basin was divided into a number of equal zones. A
trial and error process used suggested that 10 equal zones were
suitable for the model (see Figure 1). The stormwater movement
over the surface was as a flow from zone 1 where the inlet
structure was located to zone 10 where the outlet structure was
located. Each zone with 24.8 m2 surface area was considered to
be a soil column in which the water flows downward to replicate
the infiltration process. When the stormwater flows on the surface
of the assumed soil column exceeds the infiltration capacity of the
soil, the excess runoff was assumed to be surface flow to the next

CROSS SECTION

The stormwater flow within the bioretention basin (see Figure
2) was modelled according to the processes described in the
following steps:
= Stormwater runoff enters the bioretention basin through the
inlet structure in zone 1 which is assumed as a soil column
(1).
» The stormwater runoff then infiltrates into the soil column (2).
This is replicated using the infiltration model.

zZone.
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e When the inflow rate is higher than the soil column infiltration
capacity, the excess runoff becomes surface flow to the next
soil column (3).

s The infiltrated water then percolates until it reaches the
drainage layer in which the stormwater is temporarily stored
(4).

o Part of stormwater stored in the drainage layer percolates to
the original soil layer underneath (5).

o Through perforated pipes, stormwater in the drainage layer
flows to the outlet structure where the outflow was monitored

(6).

3. MODELLING THE INFILTRATION PROCESS IN
THE SOIL COLUMN FILTER MEDIA

The soil column is considered as a system where water
balance can be applied. This means water entering and leaving
the system is subject to the water balance concept. In this way,
cross interaction between columns and its surrounding columns
were considered negligible. Therefore, any possible seepage flow
from groundwater and infiltration into the sidewall is negligible.
This is acceptable since the soil surrounding the system is silty
clay with low infiltration rate. Adopting the water balance
approach, the soil column was considered as a storage. The
storage volume was replicated to increase or decrease
depending on the volume of stormwater entering and leaving the
storage. This action was replicated using a standard storage
equation in the form of (1).

AS =Sp— Se=1.At—0.At (1)

Where AS = change in storage volume (m°)

At = time interval (sec)

St = storage volume (m3) at the beginning of the time
interval At

St+At = storage volume (m®) at the end of the time interval
At

/ = inflow discharge rate (m*sec)

0 = outflow discharge rate (m%sec)

The input to the system was infiltration while the output
components of the system are percolation to the drainage layer
underneath and evapotranspiration. Infiltration is considered to be
influenced by factors such as soil moisture content, porosity, soil
hydraulic conductivity and soil surface condition including
vegetation cover. A range of equation formats are available to
replicate the infiltration process such as equations proposed by
[17][18][19]. All these equation formats were reviewed and Philip
and Green-Ampt models were preferred for this study. This is due
to the capability of Philip and Green-Ampt models to incorporate
soil (media) characteristics in the equation rather than the pure
mathematical format adopted in Horton's infiltration model.
However, since the Green-Ampt model requires a lesser number
of variables compared to the Philip model, the Green-Ampt model
was chosen for the conceptual model developed.

The principle of Green-Ampt model is based on continuity and
momentum [16]. The conceptual format in which the Green-Ampt
equation was applied in this study is presented in Figure 3.
Considering the zone 1 soil column as a vertical soil column (see
Figure 3 (a)), the control volume was defined as the volume of the
soil column from the surface to depth L (see Figure 3 (b)). As the
wetting front progresses, the moisture content 8 will increase from
the initial value 8; to n (porosity). When 6 equals 1, the soil is fully

saturated. When L equals the thickness of the filter media (m),
the whole filter media is considered fully saturated. In this
condition, the wetting front fully passes the whole filter media and
reaches the drainage layer. Accordingly, infiltration is replaced by
percolation. The cumulative water depth infiltrating into the soil is
expressed by (2) [16].

F(t) = L(1 — 6) (2)
ZONE 1 ZONE 2 ZONE3
1 hr]
A4 ——7Qif- 1502 v b
1 T
bdgb S I
e “SURFACE FLOW | L
ft) o I
\,.W_F_lg_nﬁﬁ i Wetting front e
o Aol B v
1 e T a3
3 . i
fa) [b)

Fig. 3. Vertical soil column and Green-Ampt infiltration model variables
(Figure 3 (b) adapted from [16]

The developed model divides the infiltration process into two
phases. Phase 1 starts from the beginning of the infiltration
process until it reaches the drainage layer. Phase 2 is the phase
when the infiltrated stormwater contributes to the storage volume
in the drainage layer. In this instance, the drainage layer was
considered as the second storage. The stormwater entering and
leaving this second storage was also replicated using the water
balance approach with a standard storage equation in the form of
(1). Detail modelling of phase 1 and phase 2 are explained further
as follows:

Phase 1

When the stormwater inflow from the catchment enters zone 1
or the exceeded surface flow enters the next zone, the
stormwater begins to infiltrate into the soil column of the zone at a
certain infiltration rate. The actual infiltration rate is equal to the
inflow rate, if the inflow rate is less than the infiltration rate
capacity of the soil column. However, if the inflow rate is greater
than the infiltration rate capacity, the actual infiltration rate is
equal to the infiltration rate capacity. The infiltration rate capacity
was calculated using (3) [16]).

f(r):k,-[w—ﬂgﬂ]
’ S F()

Where:  f(t) = The infiltration rate capacity (m/h)
F(t) = Cumulative infiltration (m)
Ks = Hydraulic conductivity or saturated soil
permeability coefficient (m/h)
w = Wetting front soil suction head (m)
AB = The difference between the initial water

content and saturated water content or
porosity (1)

The equation for infiltration rate capacity (3) can be

reformulated for cumulative infiltration capacity equation in the
form of (4)[16]. Equation format shown in (4) requires iterative
solutions to obtain cumulative infiltration capacity F(1).
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F(£) = ke -t +WAG zn(1+w) (4)
here: t
Fhase 2

Phase 2 begins when the wetting front reaches the drainage
zyer and the stormwater in the filter media starts draining to the
Jrzinage layer. It is indicated by the cumulative infiltration
Zzpacity calculated using (4) equals the cumulative infiltration
2otained using (2). This is known as percolation, which is the
movement of water downward in a media which is promoted by
-zvitational forces. The percolation of stormwater from the filter
media to the drainage layer was also divided into two conditions.
Tne first condition is when the filter media is still unsaturated
wnile the second condition is when the filter media is fully
szwrated. The percolation rate in the second condition was
=plicated using saturated coefficient of permeability k.

= Time elapsed (h)

modelling time interval Af can be written as (5).
Vwae = kg - At X A (5)

Where:  Vwy = Volume of water percolating from filter media
column (m?)
Time interval (h)
Cross sectional area of the filter media
column (m?)

When the filter media is not fully saturated, the saturated soil
cermeability coefficient, ks in (5) is replaced by ku, as presented
n (6).

At =
A =

Vwy, = kyy - At X A (6)

W/here: kw = Unsaturated soil permeability coefficient (m/h)

To obtain an accurate unsaturated soil permeability coefficient
“.. 2 field or laboratory experiment is required. However, [20] has
croposed an approximate method to obtain values for k,, which is
oresented in (7).

ky = ke X 585 (?)
Effective saturation of soil

An empirical constant, expressed by

& = (2 + 3A) / A, where A is the pore size
distribution index

Reference [21] suggested pore size distribution index (A) as
=zual to infinity for uniform sand, resulting 3.0 for empirical
constant (8). For natural sand deposits, reference [22] suggested
* = 4.0, resulting in a & value of 3.5, while for soil and porous
—cx. reference [23] proposed 2.0 for A, resulting in a & value of
£0. The developed bioretention basin used A = 10 which gives &
= 2.5. This value was obtained from the calibration.

Tne effective saturation Se is the ratio of the available moisture
content 6 — 6, to the maximum possible available moisture
zontent n — 6. It is written in the form of (8)[16].

Se =1 @)
here 5. = Effective saturation of soil
6 = Moisture content
6 = The residual moisture content of soil

after it has thoroughly drained
Porosity

* SRIWIJAYA INTERNATIONAL CONFERENCE ON ENGINEERING, SCIENCE & TECHNO
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The maximum possible available moisture content is called
the effective porosity, reflected by 7 — 8, = 8.. The effective
saturation, S. was monitored during the modelling period to
evaluate whether the filter media is in unsaturated or saturated
condition. Once the value of S. reaches 100%, the filter media is
considered to be saturated.

4. WATER LOSSES DUE TO PERCOLATION

Since the type of soil underneath the bioretention basin is silty
clay with a very low percolation rate, a constant percolation rate
of 1.8 x 10° m/h as suggested by [24] was applied in the model
throughout the bioretention basin area. However, during model
calibration, this percolation rate was adjusted to obtain better
results.

5. DIRECT PRECIPITATION

Direct precipitation is rainfall which directly falls on the
bioretention basin surface and the area surrounding the
bioretention basin without entering through the inlet measurement
device. The amount of direct precipitation for a certain duration is
considered as the rainfall depth for that duration multiplied by the
bioretention basin surface area. In the case where the rainfall falls
on the surroundings of the bioretention basin area and the runoff
produced does not flow through the inlet measurement device,
but seeps through the bioretention basin, runoff was estimated by
applying a runoff coefficient. The initial runoff coefficient of 0.7
was considered appropriate to compensate for the loss of water
due to interception and infiltration. However, this value was
adjusted during model calibration.

6. MODELLING THE FLOW THROUG PERFORATED PIPES
TO OUTLET

Flow through the perforated pipes was modelled as flow in a
circular open channel. Initially, this flow was assumed as laminar
and later confirmed after calibration. The flow at the end of the
perforated pipe near the outlet was also assumed as uniform and
steady. This assumption was based on the fact that the
longitudinal slope of the perforated pipe is very small (0.005).

Flow through a circular open channel is explained by a range
of researchers such as by [25][26][27][28] and [29]. Based on the
suggestions provided in literature, Manning's equation, in the
form of (9), was used to simulate flow through the perforated
pipes in the model developed.

Q=2xAxR73xS" 9)

Where:

Q Discharge (m?¥sec)
k = Conversion factor (m"*/sec)
n = Manning's coefficient

A = Wetted cross sectional area of the circular pipe
(m?)

Hydraulic radius of the wetted cross sectional
area (m)

Slope of the hydraulic grade line (equal to the
longitudinal slope for uniform flow)

The internal surface of the perforated pipe was considered as
rough due to the presence of perforations. Therefore, the
Manning's roughness coefficient in the range of 0.012 to 0.017
was initially used [29]. The actual Manning's coefficient was
obtained from the calibration.
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7. CALIBRATION OF THE MODEL

Finalised model parameters were obtained by model
calibration. Calibration was undertaken to obtain model
parameters ensuring that the model was performing as close as
possible to the stormwater bioretention basin system. It was
primarily a trial and error changing of parameters until outputs
reach best visual fit to the measured outcomes [30][31]. The
method is widely used and commonly recommended for complex
models [32][33][34].

In order to obtain a good comparison during the calibration
process, a noise suppression technique was required to reduce
the data noise due to the sensitivity of the pressure sensor
reading the fluctuating water depth in the V-notch weir boxes. In
this study, the average method was used for noise suppression,
by averaging several data points before and after each data point
as a corrected data point. The typical hydrographs before and
after reducing noise using the averaging method are shown in
Figure 4.

Messured
— Average

Dischasrge [m3/sec)

Date and Time

Fig. 4. Hydrograph before and after noise suppression

The model calibration was done using data from twelve storm
events during April 2008 to March 2011 period [35], and the
calibration results were found to be satisfactory [36]. To assess
the accuracy of the calibrated model, the study adopted a well-
known statistical analysis method developed based on the
regression analysis technique [37][38]). In this method, coefficient
of determination (RQ) which can be used to measure the
‘goodness-of-fit' of the estimated model is calculated based on
regression residual by taking time as the independent variable (x)
and measured and model values as dependent variables. The
residual () associated with each paired data values (measured
and model) is the vertical distance between the measured value
() and model value (y;) which can be written as G;= y; - ¥, (see
Figure 5) [38].

i & Measured

- Model

X
Fig. 5. Regression residual (Adapted from [38])

The A value is calculated using (10) [37].

n 532
R (0
Where: R = Coefficient of determination
SSR = The sum of the squared residuals and can be
expressed as SSR = L (y; — §,)? =Y 0,
SST = Total sum of squares and can be expressed
as L0y —)*.
¥; = Measured value of dependent variable
¥ = Model value of dependent variable
¥ = Mean value of dependent variable
The sum of squared residuals (SSR) represents the

residuals/errors of the model to the measured data while the total
sum of squares (SST) represents the variation of the dependent
variable around its mean. Therefore, ﬁc:aln be defined as the
proportion of the residual to the vanatlon in the dependent
variables. A° can be written as 1 minus the proportion of the
residual to the variation in the dependent variable and must be
bounded by 0 and 1 (0 < & < 1). The higher the & value, the
better the model or the closer the value of A to 1, the closer the
model to the data points [38].

An example of a typical analytical result showing the
goodness-of-fit of the developed wetland conceptual model
hydrograph for the measured data is presented in Figure 6.

14 03

14603

MEASURED

103 .
% e MODEL

LOE03

S.0F.04

Discharge (m3/sec)

4 0E 04

2 0E-04
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|
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|

0,06 +00
29/01 00:00

26/01 0448 29/01 0936 29/0114 74 29/01 1912 30/01 0000 30/01 D4:48

Date and Time

Fig. 6. Bioretention basin measured and modelled discharge hyd.rogréph

The coefficient of determination (/) calculated for twelve
monitored rainfall events are shown in Table 1.

Table 1. The goodness-of-fit, coefficient of determination 7

No. Rainfall event R
1 29-01-2008 0.89
2 03-02-2008 0.91
3 17-03-2008 0.92
4 18-04-2008 0.91
5 29-05-2008 0.92
6 22-01-2009 0.94
7 29-01-2010 0.98
8 18-04-2010 0.91
9 23-06-2010 0.92
10 19-07-2010 0.88
11 02-03-2011 0.93
12 29-03-2011 0.94

Average 0.92
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‘iote: Minimum A2 = 0.88, maximum A = 0.98 and average A = 0.92
orinted in bold)

Table 1 shows that the & ranges from 0.88 to 98 with an
verage of 0.92. This range was considered satisfactory. This
gests that the approaches adopted in the model development
re appropriate.

Based on the trial and error procedure, the parameters were
=cjusted during the calibration and the best fit parameters were
cbtained for the developed model. The parameters obtained and
eir final values are given below:

i

e
Te|
o

(AU

- Hydraulic conductivity of the filter media : 0.025 m/hr

- Wetting front soil suction head, 10167 m

- Porosity of the filter media, n : 0.501

- Pore size distribution index, A 210
2zrcolation rate of soil undemeath the basin 5 x 10° m/hr

- Manning's coefficient of the perforated pipe  : 0.015
Sunoff coefficient : 0.7

CONCLUSION

The treatment processes of stormwater in a bioretention basin
=r= influenced by a range of hydraulic factors. However, these
~“uential factors may vary during an event and the variation can
o= generated using a detailed modelling approach. Therefore, in
== study a hydraulic conceptual model of bioretension basin
wnich is capable to replicate the hydraulic conditions within the
w=tland was developed. The model was calibrated using trial and
=ror procedure which is the most robust procedures available.

The model was simplified from 3-dimension flow system to a
*-Zimensional flow system. However, the approaches adopted to
=lop the bioretention basin hydraulic conceptual model in this
“udy are satisfactory. The average coefficient of determination of
l-measured outflow discharge, R? of 0.92 confirms the
ility of the model developed to simulate hydraulic factors.

m

FERENCES

~ Davis, A. P., Shokouhian, M., Sharma, H. and Minami, C_,
2008, 'Water Quality improvement through bioretention

media: nitrogen and phosphorus removal, Water
Environment Research, Vol. 78, pp. 2177-85.

- Hatt, B. E., Deletic, A. and Fletcher, T. D., 2007,
Stormwater reuse: designing biofiltration systems for
r=liable treatment’, Water Science Technology, Vol. 55, No.
4 pp. 201-9.

= =enderson, C., Greenway, M. and Phillips, ., 2007,

Semoval of dissolved nitrogen, phosphorus and carbon
from stormwater by biofiltration mesocosms', Water Science
znd Technology, Vol. 55, No. 4, pp. 183-91.

Sreenway, M. 2008. The role of media, microbes and
rophytes in improving the effectiveness of bioretention
systems, have we got it right?. In SIA Stormwater
erence. Gold Coast.

=unt. W. F., Jarrett, A. R., Smith, J. T. and Sharkey, L. J.,
'Evaluating bioretention hydrology and nutrient
vzl at three field sites in North Carolina', Journal of
tion and Drainage Engineering, Vol. 132, No. 6, pp.

. A P., 2007, 'Field Performance of Bioretention:
r Quality', Environmental Engineering Science, Vol. 24,

33

(9]

(10]

(1]

(12]

[13]

[14]

(15]

[20]
(21]

(22]

(23]

ISBN 979-587-621-1

SRIWIJAYA INTERNATIONAL CONFERENCE ON ENGINEERING, SCIENCE & TECHNOLOGY

Davis, A. P., 2008, 'Field performance of bioretention:
Hydrology impacts', Journal of Hydrologic Engineering, Vol.
13, No. 2, pp. 90-5.

Dietz, M. E. and Clausen, J. C., 2005, 'A field evaluation of
rain garden flow and pollutant treatment', Water, Air and Soil
Pollution, Vol. 167, No. 1-4, pp. 123-38.

He, Z., Davis, A. P. and Asce, F., 2011, 'Process Modeling
of Storm-Water Flow in a Bioretention Cell', Journal of
Irrigation and Drainage Engineering, Vol. 137, No. 3, pp.
121-31.

Heasom, W., Traver, R. G. and Welker, A., 2006,
'Hydrologic modeling of a bioretention best management
practice’, Journal of the American Water Resources
Association, Vol. 42, No. 5, pp. 1329-47.

Hsieh, C. H. and Davis, A. P., 2005, 'Evaluation and
optimization of bioretention media for treatment of urban
stormwater runoff, Journal of Environmental Engineering,
Vol. 131, No. 11, pp. 1521-31.

Hsieh, C. H., Davis, A. P. and Needelman, B. A., 2007b,
‘Nitrogen removal from urban stormwater runoff through
layered bioretention columns, Water Environment
Research, Vol. 79, No. 12, pp. 2404-11.

Hsieh, C.-h., Davis, A. P. and Needelman, B. A., 20073,
'Bioretention column studies of phosphorus removal from
urban stormwater runoff’, Water environment research : a
research publication of the Water Environment Federation,
Vol. 79, No. 2, pp. 177-84.

Moore, J. R., 2008, 'Effect of compaction on removal
efficiency of lead, copper, zinc, nitrate, and phosphate in a
bioretention system a column study' Thesis.

Zhang, L., Seagren, E. A., Davis, A. P. and Kamns, J. S.,
2011, 'Long-term sustainability of Escherichia coli removal in
conventional bioretention media', Journal of Environmental
Engineering, Vol. 137, No. 8, pp. 669.

Chow, V. T., Maidment, D. R. and Mays, L. W., 1988,
‘Applied hydrology'. Ed. Clark, B. J. and Morriss, J., New
York: McGraw-Hill, Inc.

Horton, R. E., 1933, 'The role of infiltration in the hydrologic
cycle', Trans. Am. Geophys. Union, Vol. 14, pp. 446-60.
Philip, J. R., 1957, 'The theory of infiltration: 1. The
infiltration equaiton and its solution', Soil Sci., Vol. 83, No. 5,
pp. 345-57.

Green, W. H. and Ampt, G. A, 1911, 'Studies on sail
physics, part I, the flow of air and water through soils', Agric.
Sci, Vol. 4, No. 1, pp. 1-24.

Brook, R. H. and Corey, A. T., 1964, 'Hydraulic properties of
porous

Irmay, S., 1954, On the Hydraulic Conductiviy of
Unsaturated Soils, Trans. AGU, Vol. 35, No.3, pp. 463-467
Averjanov, S. F., 1950, 'About permeability of subsurface
soils in case of complete saturation’, English Collection, Vol.
7, pp. 19-21.

Corey, A. T., 1977, Mechanics of Heterogeneous Fluids in
Porous Media, Water Resources Pubs., Fort Collins,
Colorado

Lambe, T. W. and Whitman, R. V., 1969, 'Soil mechanics',
New York: John Wiley and Sons, Inc.

Chow, V. T., 1959, 'Open Channel Hydraulics', New York:
McGraw-Hill Book Company.

and-Indonesi mber2016

~
os®

Bangka ISl




(26]

[27]

(28]

(29]
(30]

(31]

(32]

Akan, A. O., 2006, 'Open Channel Hydraulics', First Edition,
Oxford: Elsevier Butterworth-Heinemann.

Chanson, H., 2004, 'The Hydraulics of Open Channel Flow:
An Introduction’, Second Edition, Oxford: Elsevier
Butterworth-Heinemann.

Sturm, T. W., 2001, 'Open Channel Hydraulics', New York:
McGraw-Hill.

Han, D., 2008, 'Concise Hydraulics': Ventus Publishing.
Gupta, H. V. and Sorooshian, S., 1998, 'Toward improved
calibration  of  hydrologic models:  Multiple  and
noncommensurable measures of information', Water
Resources Research, Vol. 34, No. 4, pp. 751-63.

Li, X. and Yeh, A. G.-o, 2002, 'Neural-network-based
cellular automata for simulating multiple land use change
using GIS', International Journal of Geographical
Information Science, Vol. 16, No. 4, pp. 323-43.

Abbott, M. B. and Refsgaard, J. C., 1996, 'Distributed
Hydrological

(33]

[34]

ISBN 979-587-621-1

SRIWIJAYA INTERNATIONAL CONFERENCE ON ENGINEERING, SCIENCE & TECHNOLOGY

Yu, Z. and Schwartz, F. W., 1998, 'Application of an
integrated basin-scale hydrologic model to simulate surface-
water and ground-water interactions', Joumal of the
American Water Resources Association, Vol. 34, No. 2, pp.
409-25.

James, L. D., 1972, 'Hydrologic modeling, parameter

estimation, and watershed characteristics', Journal of
Hydrology, Vol. 17, No. 4, pp. 283-307.

[35] Mangangka, Isti Ronald, 2013, Role of Hydraulic Factors in

(36]

Constructed Wetland and Bioretention Basin Treatment
Performance, Ph.D. Thesis, Queensland University of
Technology, Brisbane, Australia.

Mangangka Isri R., Liu An, Goonetileke Ashantha,
Egodawatta Prasanna (2016), Creating Conceptual Models
of Treatment Systems, in Enhancing the Storm Water
Treatment Performance of Constructed Wetlands and
Bioretention Basins. pp. 15-38., Singapore: Springer
Singapore.

Chatterjee, S. and Hadi, A. S. 2006. 'Regression Analysis by
Example'. Hoboken: Wiley-Interscience.

Rawlings, J. O., Pantula, S. G., and Dickey, D. A., |., 1998,
‘Applied regression analysis: a research tool', New York:
Springer.




18218 PeURLBUMIA U0

UBLUIBUT) aAanosSxsg

8102 JaguusnoN O | -8 BIssuopu|
‘pusis| exbueg ul pey ABojouyos | § sousRg
‘BuwssuiBus U0 |ousJsju0n) [BUORBUISAU| BABIMIUS a4yl Ul

J3)Uasaid [eIQ

se psasdonuaed sey

Rysuesue\ pjeuoy LS|

JN/SIN 38U AJAI8D SAN

uonedisnaed 1oy

Agisuenun efeimiis Bulussuibuz jo Aanoey




	SICEST2016_Cover
	SICEST2016_Front matter
	SICEST2016_Cover
	SICEST2016_Front matter

	SICEST2016_Artikel
	SICEST2016_Certificate

