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SUMMARY

One method to assess the river water quality is by means of simulation results of a model
verified with the measurement data obtained from in the field. Modeling is a method that is easy,
inexpensive, and saves time. The use of river quality model is very useful to predict the future
condition using kinds of scenarios, so that the river environmental management can be
formulated prior to the occurrence of pollution, environmental damage, or other disasters.
Modeling of river water quality was introduced by Steeter Phelps equation using oxygen
depletion curve equation (oxygen sag curve) which is using coefficients, i.e. deoxygenation rate
and reaeration rate. These rates are environmental condition dependent values; therefore the
specific research to find the suitable rates is needed. Furthermore, to make simulation simpler,
the development of software of river water quality model is necessary. The ‘KUALA.V01’,
software to simulate BOD and DO of river water is now being prepared and planed to be finished
this year.
In the other hand, the increasing of environmental conservation awareness needs a system of
information which is useful, informative, up to date, complete, and easy to be analyzed. To
develop such system, a comprehend research needs to be conducted, especially to gather
information considering data collection system, its publication, and distribution. These
information would be very useful also for environmental education in order to increase
awareness and enforcement to young generation, especially students in conserving the
environment. Besides that, information of the river water quality would be also useful for
researchers, government, and other stakeholders for many kinds of purposes. To have an
effective system of the environmental system, the need of development of its concept is urgent.
The information system of environmental quality embedded with the environmental modeling
has already been applied effectively in Japan, especially in the Kitakyushu City which is wellknown as an eco town. Therefore, to be able to apply the system in the Bandung City river, i.e.
Cikapundung River as a case study, the collaboration with the expert from the University of
Kitakyushu is definitely necessary.
There are a range of scales which must be considered within an integrated approach to land and
water management in parallel with two sets of factors which we argue have the greatest influence
on successful implementation, i.e. human dimension, and ecological space dimension. Human
dimension means the interest of individual or group. Ecological space dimension means the
interest of natural environment. It's important to understand the relationship between local
activities and their impacts downstream. Issues where, when and how human activities interact
with the hydrological processes and the impact they have on the quantity and quality of water in
the entire catchment of Cikapundung River.
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PREFACE

Modeling environmental quality and its integration within the environmental information system
in one region becomes very important when we talk about environmental improvement and
maintenance of a healthy environment. In a simple but difficult research, we are trying to do
something for the environment for a limited location as a model. The difficulty that arises is a
cliché illnesses suffered by Indonesian people by laziness, selfish, and ignorance attitude.
Abundant natural resources were exploited without thinking of the future generations to come,
without thinking of others who are also in need. Therefore, this study has no meaning without
mental improvement of Indonesian society.
We are very grateful for the help of Directorate General of Higher Education (DGHE) Ministry
for Research, Technology and Higher Education, which has funded this research. Hopefully the
research can be useful in improving the environment, at least in data transparency aspect. Also
we are grateful for the cooperation effort of the Laboratory of Prof. Matsumoto, Mrs. Indriyani
Rachman and Mrs. Imas Komariah as research partners.
Forming the information system for Indonesian community is somehow not easy. Several
attempts need to be conducted to aware all stakeholders the importance of open publication of
data, including environmental quality data. Thus, the activities in considering improvement of
the bad quality could be carried out appropriately and give benefits for many people.
Bandung, 13 October 2016
Principal Researcher,

(Dr. Yonik Meilawati Yustiani)
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CHAPTER I
INTRODUCTION

1.1 Overview
The comprehensive solution of the environmental issues must be supported by three aspects,
i.e. human resources, system/ procedure/ strategy (software), and technology / devices
(hardware) (see Fig. 1). Therefore various researches need to be conducted to sustain one
aspect to another.

Figure 1. Important aspects of environmental control strategy for urban area.
(http://www.isz.co.jp/en/service/logistics.html, accessed January, 2016)
For the human ware aspect the involvement and cooperation of each stake holders are
indispensable. Those stakeholders are community – government – university - private
company. The government acts as the policy formulater who will govern the environmental
management system, while the universities are in charge of implementing their three pillars,
i.e: teaching, research, and community service. Aspect of human ware is also related to
the awarness of the community on the environmental quality conservation. In order to
control the polluted water and to treat the wastewater to prevent the pollution, the design
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and research on treatment technology is needed. This measurement is included in the
hardware aspect. The environmental management can run well when arranged in a
comprehensive system which is equipped with procedures and technical guidelines. For
example, for waste sorting system, before being implemented, it should be equipped with the
distribution of sorted wastes and collection system of each type of waste.
1.2 Collaboration Research
Implementation of comprehensive research can be significantly recognized with the
involvement of a wide range of scientific fields. Several universities in Indonesia, which have
MOU (Memorandum of Understanding) with the Faculty of Environmental Engineering of
the University of Kitakyushu (UOK), are the University of Andalas (UNAND), Pasundan
University (UNPAS), Indonesia University of Education (UPI), University of Langlangbuana
(UNLA), State University of Malang (UM), and Institute of Technology Bandung (ITB). The
team from several universities will conduct research in the theme of Study on Urban
Environmental Management of

Indonesian

Cities

Considering

Applicability

of

"Kitakyushu Model" as a Japanese Advanced Eco-model City.

Figure 2. Distribution of research on the Study on Urban Environmental Management of
Indonesian Cities Considering Applicability of "Kitakyushu Model" as a Japanese Advanced
Eco-model City.
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1.3 River Quality Management
The high pollution load into the urban water bodies cause the deterioration and damaged
condition of the river water quality and aesthetics. It happens also in Cikapundung River,
whereas its water is often used to irrigate agricultural areas in the downstream area. Some
pollution control efforts have been made, including the use of prediction modeling and
calculations for the formulation of environmental management and enforcement of quality
standards, both for wastewater (effluent standards) as well as for the river water as waste
receiving water bodies (streams standard).
Recently, the function of rivers located in Bandung City turns into the discharge place of
domestic and industrial wastewater. The water quality in Bandung Basin becomes
deteriorated, especially in Citarum River. The dominant pollution source is domestic
activities. The West Java Environmental Protection Agency estimates that the domestic
wastewater was discharged from 3.5 million people directly and indirectly into the urban
rivers around Bandung City. The domestic wastewater reaches up to 60% of total wastewater
pours into the rivers (Yustiani, et.al, 2013a).
The use of system analysis and mathematical modeling for formulating and solving river
pollution problem is of relatively recent vintage and has been used widely during the last
three decades. Seeing the mounting public pressure at water bodies the need to protect it from
pollution is essential where mathematical modeling is the best alternative as accepted by the
decision makers. Water quality modeling has proved as a reliable and economic method of
assessing pollutant distribution in surface waters and can be effectively used in management
decisions (Karim and Badruzzaman, 1999). Modeling is not an alternate to observations but
under certain circumstances, can be powerful tool in understanding observations and in
developing and testing theory (Khanna, 2007). To perform mathematical modeling of aquatic
chemicals, four ingredients are necessary (1) field data on chemical concentrations and mass
discharge inputs (2) a mathematical model formulation (3) rate constants and equilibrium
coefficients for the mathematical model and (4) some performance criteria with which to
judge the model (Kanna, 2007).
The use of water quality models in environmental management in Indonesia is still very rare,
but this modeling can save the cost, effort, and time, especially for monitoring activities. In
addition, the modeling also has the ability to predict water quality conditions in the past and
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predict the water quality conditions in the future. The results of modeling can help in the
formulation of environmental management programs.
This research was conducted in order to develop a software model of river water quality
suitable for the condition of rivers in Indonesia. The design is made attractive interaction,
user-friendly and attentive to the needs of the user. Modeling results can be displayed and
printed in accordance with the desired format, can also be simulated. Name of software that is
built is 'KUALA.V01'. In the second year, the software 'KUALA.V01' will be integrated with
a geographic information system.
Collaboration with the Matsumoto Laboratory, Department of Life and Environment
Engineering, the University of Kitakyushu has been conducted since the year of 2013. On
January 2014, the Environmental Engineering Department of Pasundan University conducted
a workshop with the Department of Life and Environment Engineering of the University of
Kitakyushu to investigate the Cikapundung River water quality and the elementary students
moduls on environmental education.
1.4 Research Road Map
Fig. 3 shows the stages in the comprehensive Study on Urban Environmental Management of
Indonesian Cities Considering Applicability of "Kitakyushu Model" as a Japanese Advanced
Eco-model City, which will be supported by research conducted by several universities that
currently has a cooperative agreement with the University of Kitakyushu. This study is a
collaboration research which will be carried out by six research universities with a different
focus but mutually integrated with one another. Interconnection and relation between the
focus researches can be illustrated as below (Fig. 4).
The road map of this research on Modeling and Information System of River Water Quality –
Case Study Cikapundung River is shown in Fig. 5. Research on river water quality modeling
has been initiated with the use of Hydroscience equation model calibration process. In the
years 2011-2012, the research on deoxygenation rate coefficient for urban river in Indonesia
based on laboratory analysis has been conducted. The value of deoxygenation coefficient
becomes the basis for calculating the decay of BOD in river water quality models in software
development research of river water quality modeling 'KUALA.V01’.

Page 4

F

2016-2017
2015-2016

S

Yonik’s idea

2014-2015

Basic Education and Research:
a. Lesson learned from Kitakyushu City
b. Trial of several applications
c. Human resources training and education
d. Policy, system, and module formulation

Research on Technology and Training:
a. Trial of modified and upgraded system
b. Technology design and application
c. Training for application

Efficiency and economical value
upgrading:
a. System optimization
b. Performance, energy, and cost efficiency
c. Economical value upgrading

Research Tittles:
a. Kitakyushu Eco-town Model for Creating A Sustainable Society in Padang City, Indonesia. (UNAND)
b. The Potential of Cooking Oil and Oily Food Wastes as Alternative Biodiesel Feedstock’s and People Participation for Collecting Them in Padang
Municipality (UNAND)
c. Role of Community Center as Non Formal Education of Environmental Knowledge (UPI)
d. Instructional Development Media of Environmental Education (EE) Learning for 4th Grade Students in Extra Ordinary School Section "A" In Bandung. (UPI)
e. Development of Environment Education Mobile Learning Engine-Base Teaching Material for Primary and Junior Secondary School in Bandung. (UPI)
f.
Modeling and Information System of River Water Quality-Case Study Cikapundung River Bandung (UNPAS)
g. The Applied of Integrated Learning Model in Dealing with The Environmental Life Problem at Primary Schools in Bandung City, West Java, Indonesia
(UNLA)
h. Education on Renewable Energy and Power Energy Saving Considering Environmental Behavior for Vocational Schools as a Pilot Project in Malang,
Indonesia (UM)
i.
Development on Criteria of Good Housing Quality in Urban Area Based on Whole System Approach (ITB)

Figure 3. Roadmap of the collaboration research of the Study on Urban Environmental Management of Indonesian Cities
Considering Applicability of "Kitakyushu Model" as a Japanese Advanced Eco-model City.
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Figure 4. Interconnection and relation between the focus researches.
The Fig. 4 shows the interconnection and relation between topics of researches. Several
researches have been accomplished and others are still on-going.
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Figure 5. Roadmap of ther research on Modeling and Information System of River Water Quality – Case Study Cikapundung River
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CHAPTER II
LITERATURE REVIEW
2.1

Pollution in Waters

Surface water such as lakes, rivers and ponds must be able to support aquatic life and aesthetic
requirements. Surface water quality is indentified based on the condition of specific parameters,
i.e. physical, chemical, and biological. The pollution of river water is mainly caused by the
domestic waste. A very high pollution can stimulate the health problems and other material
damage.
Human activities can generate wastewater causing pollution in waters depends on the type of
activities, materials used, and the process or the technology applied. These human activities in
general can be categorized as follows:
1. Industrial activities
Industrial activities generate wastewater discharged into the waters. The quality of wastewater
discharged depending on the type of industry.
2. Domestic (household) activities
Derived from wastewater generated by household activities such as water used from bathing,
washing, latrines also from the food processing.
3. Agricultural activities
Contaminants of agricultural pollution in the wastewater is generally the result of fertilization
and pest control. Residues from crop fertilization activities consisted mostly of inorganic
compounds such as nitrogen and phosphorus compounds that can cause eutrophication.
4. Husbandary/farm activities
Farm activities that can cause pollution are from animal waste, cleaning stables,
slaughterhouses, etc.
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2.2

Organic Pollutants

Domestic activities, which are easily found near the Cikapundung River, generate wastewater
mainly contained organic matters. In ther water body, the organic pollutants will be used by
microorganisms as energy source to reproduce. This uptake is the degradation mechanism of
pollutant by microorganisms. During the degradation process, the microorganisms will consume
oxygen, thus the concentration of oxygen will be depleted when the organic pollutants are
abundant. The depletion of oxygen concentration will cause anaerobic condition which is
unpleasant environment for biotas.
Dissolved organic matter in waters defined in two categories:
1. Biodegradable organics
Biodegradable organics can be decomposed by natural biological processes. Decomposed
organic matter used as a natural food by microorganisms. These substances are usually
composed of carbohydrates, fats, proteins, alcohols, acids, aldehydes, and esters. Decomposed
organic matter derived from the decay of plant, animal or from domestic and industrial
wastewater.
2. Nonbiodegradable organics
Nonbiodegradable organics is substances that are resistant to biological decomposition. For
example: tannins, lignin, acid, cellulose and phenol are nonbiodegradable organics that always
found in the waters. Molecules that have strong bonds and ring structures (benzene) are also nonbiodegradable. For example, alkyl benzene sulphonate detergent compounds (ABS) is a benzene
ring which is non-biodegradable. Some are non-biodegradable organic substances are toxic to
microorganisms.
Decomposition process of organic substances in the water will cause the decline of oxygen
concentration in water quality that can be illustrated into four zones, as follow (Srinivas, 2008):
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1. Zone of degradation; this zone is situated just below the outfall sewer while discharging its
contents into the stream. In this zone, water is rendered dark and turbid, having the formation of
sludge deposits at the bottom. The DO is reduce to 40% of the saturation values. There is an
increase in CO2 content, and reaeration is much slower than deoxygenation. (Though conditions
are un-favorable for aquatic life, fungi at shallow depths and bacteria at greater depths breed
along with small worms, which ‘work over’ and stabilize the sewage and sludge). The
decomposition of solid matter takes place in this zone and anaerobic decomposition prevails over
aerobic decomposition.
2. Zone of active decomposition; this zone is just the continuation of degradation zone and is
marked by heavy pollution. Water in this zone becomes grayish and darker than the previous
zone. The DO concentration in this zone falls down to zero. Active anaerobic organic
decomposition takes place, with the evolution of Methane (CH4), Hydrogen sulfide (H2S),
Carbon dioxide (CO2) and Nitrogen (N2) bubbling to the surface with masses of sludge forming
back scum. Fish life is absent in this zone but bacterial flora will flourish with the presence of
anaerobic bacteria at upper end and aerobic bacteria at the lower end. However, near the end of
this zone, as the decomposition slackens, reaeration sets in and DO again rises to its original
level of 40% (of saturation value).
3. Zone of recovery; in this zone, the process of recovery starts, from its degraded condition to its
former purer condition. The stabilization of organic matter takes place in this zone. Due to this
most of the stabilized organic matter settles as sludge, BOD falls and DO content rises above
90% values. Near the end of the zone, fungi wave out and algae reappear.
4. Zone of cleaner water; in this zone, the natural condition of stream is restored with the result
that:
(i) Water becomes clearer and attractive in appearance
(ii) DO rises to the saturation level, and BOD drops to the lowest value
(iii)Oxygen balance is attained
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Figure 6. Zones of pollution in streams (Oxygen sag analysis) (Srinivas, 2008)

2.3

Organic Pollutant Indicators

Wastewater to be reviewed is a domestic waste water so that it can be assumed parameters sused
as the basis for a review of water quality effluent is Biochemical Oxygen Demand (BOD),
Dissolved Oxygen (DO).
1. Biochemical Oxygen Demand (BOD)
One of the parameters that are commonly used as an indicator of organic pollution in a water
body is BOD. BOD (Biochemical Oxygen Demand) is an empirical analysis that tried to
approach the whole process - microbiological processes that occur in water. Figures BOD
indicates the amount of oxygen required to decompose bacteria (oxidize) almost all the dissolved
organic substances and some substances - organic matter suspended in water. Examination of
BOD based on the oxidation reaction of organic matter with oxygen in the water and the cleaning
process due to the presence of aerobic bacteria.
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2. Dissolved Oxygen (DO)
Dissolved Oxygen (DO) is essential to maintain aerobic conditions in surface water and also an
indicator of the feasibility of water to support aquatic life (aquatic). Ideally, the concentration of
dissolved oxygen in natural water will approach the saturation concentration. However the
presence of organic matter, oxygen will be used on natural oxidation process. Of course this will
lead to a smaller value than the value of the saturation concentration.
All the gases in the atmosphere can be dissolved in water at a certain level. Oxygen gas has
classified the small solubility in water and its solubility is proportional to the partial pressure,
and oxygen saturation levels in the water will follow Henry's law. The solubility of oxygen
increases according to different atmospheric pressure and at various temperatures. The solubility
of oxygen in water ranging from 14.6 mg / l at a temperature of 0 ° C to 7 mg / l at a temperature
of 35 ° C at a pressure of 1 atm. (Sawyer, et.al. 2003).
2.4

River Self Purification

When the wastewater or the effluent is discharged into a natural stream, the organic matter is
converted into ammonian, nitrates, sulphates, carbon dioxide, etc. by bacteria. In this process of
oxidation, the dissolved oxygen content of natural water is utilized. Due to this, deficiency of
dissolved oxygen is created. As the excess organic matter is stabilized, the normal cycle will be
in process known as self purification wherein the dissolved oxygen is replenished by its
reaeration by atmospheric oxygen of wind (Srinivas, 2008).
Water bodies have basically known as the carrying capacity of the water carrying capacity. River
discharge has a large and high dissolved oxygen has a large carrying capacity. If organically
polluted river water oxygen concentration will decrease over time because it is used by
microorganisms for decomposition of organic substances. The decrease in the concentration of
oxygen is called deoxygenation. While the presence of turbulence in the stream, oxygen from the
air can get into the water, a process called aeration.
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2.5

Development of River Oxygen Sag Model

The shape of the oxygen sag curve, as shown in Fig. 6, is the result of adding the rate of oxygen
use (consumption) and the rate of supply (reoxygenation). If the rate of use is high, after the
introduction of organic pollution, the dissolved oxygen level drops immediately because the
supply rate cannot keep up with the use of oxygen, creating a deficit. The deficit (D) is defined
as the difference between the oxygen concentration in the stream water (C) and the total amount
the water could hold, or saturation (S).
After the initial rate of decomposition when the readily degraded material is used by the
microorganism, the rate of oxygen use decreases because only the less readily decomposable
materials remain. Because so much oxygen has been used, the deficit is great, but the supply of
oxygen from the atmosphere is high and eventually begins to keep up with the use, so the deficit
begins to level off. Eventually, the dissolved oxygen once again reaches saturation levels,
creating the dissolved oxygen sag (Vesilind, et.al, 2010).
The oxygen sag curve has been formulated by Streeter and Phelps in 1925, based on two
phenomena as key processes in self purification of water, i.e. deoxygenation of organic matter
containing carbon (carboneceaus) by bacteriological decomposition, and reaeration caused by
turbulence process.
This model can be applied by taking the assumption that the cross section along the same river
flow being simulated, the flow rate is constant, the concentration of oxygen and BOD uniform in
lateral and vertical direction on the entire cross-section. Effects of algae and silt are ignored. In
addition, the reaction rate deoxygenation and reaeration are considered constant. Furthermore, in
the analysis, it is assumed that the wastewater stream that enters the river distributed uniformly
throughout the cross section of the river.
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Streeter Phelps equation can be seen in Eq. 1. The first term is deoxygenation process part, while
the second term is the process of reaeration part (Schnoor, 1996).

u

dC
= −k d L + k a (Cs − C )
dx

where:

D = Do . ℮

− ka
X
u

(Eq. 1)

u = average velocity of the river flow
Kd = first order of deoxygenation rate coefficient
L = BOD concentration
C = dissolved oxygen concentration
Cs = saturated concentration of dissolved oxygen
ka = first order of rearation rate coefficient

kr
ka
− x⎤
Kd.Lo ⎡ − u x
+
−e u ⎥
⎢e
Ka − Kr ⎣
⎦

(Eq. 2)

where :
D = deficit of defisit oxygen in t time, (mg/l)
X = distant (km)
U = average velocity of river flow (m/s)
Kd = deoxygenation rate coefficient (day-1)
Ka = reaeration rate coefficient (day-1)
Kr = total removal coefficient (day-1)
Lo = initial concentration of BOD (t = 0),(mg/l)
Do = initial deficit of oxygen concentration (t = 0), (mg/l)

2.5.1

Deoxygenation

Oxygen in a body of water can be reduced due to the oxidation of bacteria suspended and
dissolved organic matter derived from natural sources/ human activity. Deoxygenation
coefficient used for the calculation model of organic pollution of water used formula is the
formula according to O'Conner and Dobbins for normal flow is as follows (Hydroscience, 1971):
⎡ H average ⎤
Kd = 0,3 ⎢
⎥
⎣ 8 ⎦

−0 , 434

(Eq. 3)

Where :
Kd = deoxygenation rate (day-1)
H = water depth (m)
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The previous research has obtained specific value of the deoxygenation rate of Cikapundung
River in the range of 0.01-0.37 per day in rainy season (Yustiani, et.al, 2013b), and 0.016-0.0233
per day in dry season (Yustiani, 2013a).
2.5.2

Reaeration

Source of additional oxygen enter into water bodies resulted from atmospheric reaeration. The
process of oxygen introduction in this case is based on the transfer of gas from the air into the
water via its surface. Gas transfer is a physical-chemical process that occurs continuously at the
surface between the gas and liquid. Simultaneously some dissolved oxygen molecules released
into the atmosphere through the surface. Movement takes place in both directions at different
speeds - each of which is determined by temperature and other variables. If there is no oxygen
used in the water, a dynamic balance transfer rate of oxygen from air to water at the rate of
oxygen transfer. This will result in a fixed oxygen concentration in water saturated conditions.
The reaeratioin equation :
rR = K2 ( Cs – C)

(Eq. 4)

where :
rR = reaeration coefficient
K2 = reaeration rate coefficient, d-1 (exponential based)
Cs = saturated concentration of dissolved oxygen, (mg/l)
C = concentration of dissolved oxygen (mg/l)

Oxygen transfer coefficient depends on the nature of water (Thomann, 1987):
● internal mixing and turbulence due to velocity gradients and fluctuations
● temperature
● wind
● waterfalls, dams
● surface films
Several methods can be used to get the price of Ka is using a model that O'Conner and Dobbins
formula according to the normal flow is as follows:
Ka = 3,93

U average

0,5

H average

1, 5

(Eq. 5)

Page 15

Where :
Ka = reaeration rate coefficient (day-1)
U = average velocity of water flow (m/s)
H = average of water depth (m)
Some research on the modeling of water quality in the area has been carried out, among others,
water quality modeling Upstream Citarum River (segment Wangisagara-Nanjung) was simulated
using the field data. Research on the Citarum River water quality showed that the condition of
BOD pollution in 2001 was 226mg/L in the WWTP (Waste Water Treatment) Cisirung. In this
study, the model is not built but using an existing model. In this research, the coeffient of
deoxygenation was obtained by means of calibration process of the model, acquiring the value of
0.03-0.95 per day (Yustiani, et.al, 2008)
2.6

Environmental Quality Information System

The evolution in environmental management in the last decades parallels the evolution of
information technology, in terms of change in approaches and players. Increasing knowledge
about the environment has brought about a better understanding of the complexity of the issues,
and more information publicly available has resulted into a steady shift from centralized decision
making to increasing levels of participatory processes. The evolution of information technology
that came about as a result of the increased complexity of the available hardware and software,
and the devvelopment of the World Wide Web, has resulted in a change from centralized
mainframes, to the wide popularity of personal computers collaborative sites, and online, social
and professional networks (Dalcanale,F., et.al, 2011).
While these are seen as good developments, they come as a cost. The management of
information, in turn, is increasingly complex. For water quality in particular, three main factors
lead to that complexity: (a) the lack of understanding of environmental interactions and
independency, leading to increasing uncertainty (Djordjevic 1993) and consequently the need of
more data (Ganoulis 1999; Vantsteenkiste, et.al, 2008; Pahl-Wostl 2006; Fontane 1999); (b)
interdicipline approaches, participatory processes and non-linear decision-making (Perry, et.al,
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1996; Porto, et.al, 2004), resulting in different levels of information needs (Ward and others
1986); and (c) the increase of transboundary issues and conflics-due mainly to pollution and
scarcity (Vlachos 1982; Slobodan 2009)-leading to the need of negotiations and partnerships
both regionally an internationally (UNESCO 2006; Naddeo, et.al, 2005).
One of the ways to deal with complexity of water quality information management is the
development of tools that would allow all players, including managers, researchers, educators,
stakeholders and the civil society, to be able to contribute to the information system, in any level
they are inclined to do so. In such a system, organizations that collect data can have a common
repository, research institutions can publish results, manages can publish reports, and the system
can collect different views and perceptions.
While calls for collaboration and information sharing are many, some obstacles still prevent it
from happening. On the technology side, proprietary, closed source applications can prevent
databases from being able to communicate. Different systems and sources of data can make it
difficult to navigate and sort through the available information. On te organizational side, there
may be some resistance from certain groups to sharing data. On all fronts, inertia and resistance
to change and innvoation can halt collaboration efforts.
The second world water development report (WWDR) calls for integrated water resources and
responsibilities. It also concluded that this will only be possible with “focus on better water
governance that embraces all stakeholders and civil society, in both the public and private
sector…” (UNESCO 2006). Similarly, the European Water Framework Directive’s key
principles include “sharing information and experiences, the development of common
methodologies and approaches, and the involvement of expert and stakeholders from candidate
countries” (Naddeo et.al., 2005). This implies the need for intense communication at all levels
due to the number of factors and different interests involved in the process.
The management of information can be done at many levels, from small, local watersheds to
large or transboundary basins. More important than the scale, is the accessibility to the
information and knowledge generated at different steps of the management process. This paper
discusses a basic framwork for a collaborative water quality knowldege base, an presents a
reference implementation: a Water Quality Knowledge and Information Network.
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Water Quality Management involves dealing with a number of environmental factors that
interact and afffect the state of and flow a water body. Management decisions require the
manipulation of the supplementary tools designed to collect and analyze data, as well as methods
to transform data sets into useful information. Finally, the information developed must be
conveyed to other managers, decision makers, and the public in general. In addition,
management of water quality also includes the implementation, evaluation, and compliance to
the set of regulatoins, practices, and programs designed to keep, or bring, the quality of water to
desired level.

Figure 7. Collaborative network framework (Dalcanale, 2011).
Fig 7. shows the collaborative network framework that will be tested, modified, and enriched in
this research. The river water quality will be integrated in the framework to alter the usage of the
environmental management information system.
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CHAPTER III
RESEARCH OBJECTIVE

This research is conducted to develop a useful simple model of river water quality embedded
with the environmental information system. Kitakyushu city system is being studied as an
advanced model of eco city which has been succeeded in treat its polluted environment. The use
of river quality model is very useful to predict the future condition using kinds of scenarios, so
that the river environmental management can be formulated prior to the occurrence of pollution,
environmental damage, or other disasters.
The increasing of environmental conservation awareness needs a system of information which is
useful, informative, up to date, complete, and easy to be analyzed. This information would be
very useful also for environmental education in order to increase awareness and enforcement to
young generation, especially students in conserving the environment. Besides that, information
of the river water quality would be also useful for researchers, government, and other
stakeholders for many kinds of purposes. To have an effective system of the environmental
system, the need of development of its concept is urgent.
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CHAPTER IV
METHODOLOGY
4.1 Flowchart of Reseach Works
This research is conducted in collaboration with Prof. Matsumoto and Indriyani Rachman of the
University of Kitakyushu. Figure 8 below shows the research flowchart involving both teams in
conducting the research.

Figure 8. Flowchart of Collaboration Research.
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4.2 Research Location
For the case of Cikapundung River, this research is focused on the segment between Babakan
Siliwangi area and Asia Afrika Street. The segment is selected because this segment is the main
concern of the Bandung City Government to be rehabilitate. Fig 9. Show the map of the
Cikapundung River in the segment of Bandung City.

Figure 9. Map of Cikapundung River Watershed.
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4.3 Focus Group Discussion
A focus group discussion (FGD) was conducted to obtain the willingness of the stakeholders to
develop the river water quality information system. The stakeholders invited are from the
government dominantly, the university, and community. In this FGD, explanations of river water
quality management in the Kitakyushu City were performed. Questionnaires were also
distributed to investigate the most appropriate administration center of the information system.
4.4 Information System Development
The FGD results are used to develop the river water quality information system. Some literatures
were also been considered to sharpen the importance of the system. In this research, the
information system was developed in considering these aspects:
-

Flow of information and data of river

-

The system architecture of software embedded information system

-

Concept of flow of information from the source to the publication media.

-

Overall of information system of Cikapundung River Water Quality
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CHAPTER V
RESULTS ACHIEVED
5.1 Result of FGD
The FGD was conducted in May 23, 2016. Explanations were given from:
-

The Bappeda (Bureau of City Planning) of Bandung City representative

-

Prof. Matsumoto of the University of Kitakyushu

-

Dr. Yonik Meilawati Yustiani of the Pasundan University

-

Dr. Leony Lidya of the Pasundan University

The participants represent their institution from the government, universities, and communities.
The questionnaire results show that the most appropriate administrator for the information
system is BPLH Kota Bandung (Bureau of Environmental Protection Agency of Bandung City).

Figure 10. FGD of river management.
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The FGD participant agreed that several dominant factors which are influencing the river
condition are:
-

People awareness

-

Law enforcement

-

Population

The activities which are considered as top priority are:
-

Education and role model

-

Strong law enforcement

-

Construction of treatment facilities

5.2 Coefficient in Modeling
The deoxygenation rate of Cikapundung River represent the condition of urban rivers in
Indonesia. The range of the deoxygenation rates are 0.010-0.370 per day for Cikapundung River.
As much as 39% of the rates are observed under 0.100 per day, indicated the slow processes of
oxidation of waste material and self purification. The ultimate BOD concentrations were
observed relatively low. The averages of the concentrations are 7.891 and 18.726 mg/L for
upstream and downstream Cikapundung River, respectively. The average values are 28.743 and
36.879 mg/L for upstream and downstream, respectively.
The low value of deoxygenation rates indicate that the rivers are polluted not only by the
domestic wastewater but also by industries and other activities causing the pollution of heavy
metals, synthetic surfactant, antimicrobial substances, etc. Toxic pollutants from various
activities often pollute the urban river, therefore the deoxygenation rate suitable for the water
quality modeling for those kinds of rivers are relatively low. Furthermore, having that toxic
pollutants contained in the rivers, one important effort that need to be applied is installation of
wastewater treatment plants, especially for non domestic activities.

5.3 Information System of River Water Quality Modeling
In Cikapundung River, the information system of river water quality and other data considering
the river’s condition have been gathered by the government are being stored offline in the
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government institution. Other data collected by scientist, researchers, or public communities
were also stored in the collector’s storage. Based on the in-depth interviews with stakeholders,
all the communities agree to publish those collected data for public. Therefore many parties can
utilize the information with their own interest. However, the publication of that information need
to be controlled and managed to avoid misusage or publication of un-trusted information.
Figure 11 displays the on-going information system of river water quality data. The numbers in
the figure give the sequence flow of data from the laboratory’s results to the public.

Figure 11. Sequential flow of river water information and data (Rahmawati et.al, 2013).

The present system reduces the usage of the water quality river information. The public’s interest
on utilize the data becomes low. This condition may lead to the decreasing of the public
awareness of the river condition.
Based on the focus group discussion (FGD) on the river management which had been conducted
among the divisions and sections from the government dealing with the river, a flow of
information and data can be arranged with specific diagram depicted in Figure 12.
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Figure 12. The proposed flow of information and data of river.
Bandung City actually already has a sophisticated command room which can be used for monitor
the rivers passing through the city. It can be also utilize as the administrator of information and
data flow. Figure 13 shows the command center of Bandung City.

Figure 13. The command center room of Bandung City (Bappeda, 2016)
The FGD results appointed the Bandung City EPA (Environmental Protection Agency) to be the
administrator and the coordinator of the river water quality information system management. The
administrator will gather data not only from the official sources, but also from the semi-informal
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sources. All the gathered data will not automatically being published openly. The administrator
needs to separate and filter data between
• the trusted from the un-trusted
• the validated from the un-validated
• the necessary from the unnecessary
• the sensitive from the un-sensitive
• etc.
Result of separation and filtration process, the administrator will have 3 kinds of data types, i.e.:
• data that can be published and accessed by the public
• confidential data that can only be accessed by the government
• the junk data that will not be distributed
Due to these separation data accesses, the administrator need also to characteristics for specific
in interact with the system. To make the information system of the river water quality more
usable, the interface can be enriched with the special software called KUALA to calculate the
water quality for prediction purposes. Figure 14 shows the system architecture of the information
system integrated with the software. This software can be downloaded for ‘alone’ calculation by
the public. Results of the calculation will able to be used for its users’ purposes. In term of
dissemination of calculation, the calculator can also distribute the result for public consumption.
The result can even be published in the same information system of the river water quality. In
this case, the data will be examined first by the administrator before being openly publish.
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Figure 14. The system architecture of software embedded information system
Based on the questionnaire distributed to the stakeholders, the usage of the information system of
the river water quality includes:
• Determination of the policy
• Verification/confirmation of pollution phenomena
• Prediction of river water quality
• Preparation of the EIA (predicted significant impacts)
• Utilization of river water
Stakeholders of the river management come from various institutions and communities. Learning
from the Cikapundung River activities, the stakeholders consist not only from the government,
but also from private sectors, researchers, people communities, environmentalists, etc. These
various kinds of societies can be a power to manage the river, not only its water course, but also
its basin.
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Figure 15. Concept of flow of information from the source to the publication media.
The objectives of the stakeholders’ interface were (i) to identify stakeholders’ demands, (ii) to
identify the needs and expectations of potential end-users with respect to research outcomes, and
(iii) and to obtain feedback from the final outcomes of the integration methodology (Merly et al.
2012).
The evaluation of planning and management of protected areas has become one of the relevant
and intensely debated aspects in national and international forums dealing with nature
conservation and management (Santos and Benayas 2012). Therefore, the interface media for
stakeholders is essential.
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Figure 16. Overall of Information System of Cikapundung River Water Quality.
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CHAPTER VI
CONCLUSION AND RECOMMENDATION
The result of the research shows that parameters of water quality that are needed by stakeholders
are mostly the domestic source-related pollutants. Modeling of the dissolved oxygen (DO) and
biogeochemical oxygen demand (BOD) was developed in a simple software, named KUALA. It
can give benefit to inform the river water quality condition under the controlled inputs. In the
early stage, the most suitable style of the IT system development for the Cikapundung River is
website-based integrated to the Bandung City homepage. The information of the river water
quality would be given in tables, pictures, and graphs. The IT managers consist of three parties
of the Bandung City government, i.e. Environmental Protection Bureau, the PlanningDevelopment Board, and the Information Section.
The Kitakyushu City has an established river information system. It was supported with periodic
data which were taken from monitoring activities. All regulations are followed by stakeholders;
procedures are set and conducted by all submissively.
Based on the lesson-learnt method and data collection, it can be concluded that part of
Kitakyushu City’s river system can be applied to the Cikapundung River system. However, the
interaction between users and the information system might be different due to the sensitivity of
data publication. Thus a specific step on filtering data prior to publication needs to be placed.
Appointed administrator is EPA in the Bandung City level.
Potential users of this system are government officers, researchers, academic staffs, NGO, and
the community. Each user has specific characteristic in interact with the system.
Enriched information system with KUALA as a useful software can increase the interest of the
public to aware more to the river.
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