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Water quality monitoring of Maong River, Malaysia

S. Said PhD, D. Y. S. Mah MEng, P. Sumok MSc and S. H. Lai PhD

A water quality simulation model for Maong River, which
flows through Kuching City, in Malaysia was explored with
a focus on predicting the dissolved oxygen (DO)
parameter. The model simulated the DO levels using the
hourly data collected in December 2006. The water
quality model was developed to simulate the inflow water
conditions and estimate the DO levels at various locations
along the river reaches as it flows through the highly
populated Maong River catchments. The model adopted a
hydrodynamic flow simulation to capture advection and
diffusion due to different flow conditions. From the results,
it is clear that DO concentrations are clearly affected as
the river flows downstream. The correlation of the
observed and simulated DO concentration was 0.82.

1. INTRODUCTION: BACKGROUND OF MAONG RIVER
Maong River flows through the south-western parts of Kuching

City in Sarawat, Malaysia. It is one of the tributaries of the

Sarawak River and the largest sub-catchments drain the city

into the Sarawak River. Maong River has two tributaries,

namely the Maong Kiri River and Maong Kanan River. The

Maong River catchments cover an area of about 47 km2 passing

through the urban Batu Tiga and suburban Batu Kawa areas.

The Maong River is shown in Figure 1. Table 1 shows the

characteristics of the Maong River.

The tributary confluences with the Sarawak River about 37 km

from the river mouth, therefore the tidal flushing is significant

in removing pollutants from the river system naturally. In 1998

under the Sarawak River regulation scheme, the Sarawak state

government established the Kuching barrage (see Figure 1) with

gate systems to control the floodwater level, especially

downstream of the city centre. The effect of the barrage

operations on the water quality upstream was significant,

despite the fact that this region experiences high annual

rainfall, and the effect of barrage operation on water quality is

most significant during the dry season.1 The situation is caused

by the narrow fluctuation range of river water level and the

meandering nature of the river.

As Maong River runs through the city, its water quality is

greatly affected by the land use and activities of the area.

Urbanisation has been linked to the degradation of the urban

waterways, which has produced an adverse effect on the

quantity, quality and distribution of the Sarawak’s water

resources.2 There are more than 70 000 of the Kuching

population residing in the catchment, mostly along the Maong

Kiri River. The public generally perceives the Maong River as a

waste-dumping conduit.

The Sarawak state government is concerned regarding the

health hazard potential in the area. In view of the urgency to

minimise and control the water quality degradation, the state

government has instructed all relevant agencies to carry out

their respective functions in keeping the river clean. The Natural

Resources and Environmental Board (NREB) Sarawak is the

controller with respect to the exploitation, conservation and

management of natural resources in the state pursuant to the

Natural Resources and Environmental (Amendment) Ordinance

1993. NREB has been conducting the river water quality

monitoring programme (RWQMP) since 1999 to monitor the

impacts of human activities on the water quality of rivers. This

is in line with the state government efforts to control

development activities and to instil the political will to maintain

the water quality to at least class IIB of the National Water

Quality Standards (NWQSM).

2. WATER QUALITY ISSUES OF THE MAONG RIVER
In line with the main objective of RWQMP, water samples are

collected at four fixed locations along the Maong Kiri River (see

Figure 2) to monitor the river water quality with respect to

physicochemical and bacteriological parameters in this highly

residential area. The environmental data are collected monthly

and statistically assessed in an attempt to make an evaluation

and classification of the river system by referring to the

National Water Quality Standards for Malaysia (NWQSM).

Based on the study conducted by the Danish International

Development Agency (Danida) in cooperation with NREB3

through the Sustainable Development Project, it was reported

that households are by far the main sources of pollution,

followed by food outlets in the Maong River catchments.

Most residential households in Kuching City are equipped with

two separate wastewater outlet systems, one outlet for black

water (toilet water) and another system for grey water

(washing, bathing, kitchen and cleaning). Grey water from

households is discharged directly to the storm water drains

without any treatment. Black water is treated in individual

tanks at each premises, although a few housing estates are

covered by communal treatment facilities (Imhoff tanks).

Overflows from the septic tanks are directed to the storm water

drains as well.
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Few food outlets are installed with oil and grease traps, and in

those that are thus equipped, the traps are grossly undersized.

Most of the food outlets are discharging wastewater directly

into the storm water drains. Although oil and grease constitutes

only 5% of total organic matter, the substance regularly clogs

the drains causing foul odour. The Maong River is heavily

polluted by organic matters where high biological oxygen

demand (BOD) levels, high concentrations of ammoniacal

nitrogen and extremely poor oxygen levels are observed. In

addition, the river is highly polluted with faecal-derived

Coliform bacteria. The Maong River is the one critical river, as

showcased in Figures 3 and 4, where all the readings of

dissolved oxygen and ammoniacal nitrogen parameters do not

meet the Class IIB requirements in the years 1999–2004.4

3. WATER QUALITY MODELLING
One of the ways to improve urban river water quality in such

cases as the Maong River is by optimising the urban wastewater

management and treatment system. Mathematical models then

become useful tools to understand and explore the system in

question. In the past, there have been researches, although

relatively few, to characterise and identify quantity and quality

of wastewater, but a modelling tool has not previously been

employed, particularly in Sarawak. The objective of modelling is

Figure 1. Sarawak River system and Kuching City

Name of river Catchments
area: km2

Length of
river: km

Maong Kiri River 8.3
at confluence 19.94
at Batu Tiga Bridge 10.55

Maong Kanan River 7.5
at confluence 19.05
at Batu Kawa Bridge 12.20

Table 1. Characteristics of the Maong River

Sampling point N4
(Jalan Stapok—entrance from

Jalan Stapok)

Additional sampling
points:

(a) Central Park
(b) SMB Chung Hua
(c) Kg Sg Maong

Maong Kanan
River Maong Kiri

River

Sampling point N3
(Metro Park—entrance by using

Jalan Keratapi)

Sampling point N2
(Jalan Keratapi—entrance

Batu Tiga township)

Sampling point N1
(Jalan Bornmill Estate—entrance

Batu Tiga township)

Figure 2. Maong River catchments and the sampling points
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to develop a simple, yet universal model of the system under

consideration that gives an adequate description of the real

behaviour of the river system.

In this regard, the present study set out to build a water quality

model of the Maong River using the InfoWorks software as a

means of providing information about what has happened, what

is happening and what might happen in future in the network

along the river. InfoWorks software is used as a modelling and

simulation platform to obtain the information required to make

the right decisions to improve water quality and reduce the

costs of monitoring either for long-term planning or everyday

operations.

As the domestically populated Maong River catchments are

characterised as contaminated by organic matters, nutrient and

bacteria, the dissolved oxygen (DO) parameter is chosen for

modelling in this exercise. DO concentration is often used as the

main indicator of the health of a river. It represents the ability

of the water body to support plant and animal life. With the

available monthly data, however, the current pollutant profiles

are insufficient for a site-specific detailed simulation. In

addition to the four sampling points of NREB, another three

sites are identified to collect the hourly data of DO

concentration. A simplified simulation is practical with the set

of crude data to predict the risk of water bodies with respect to

the modelled pollutants. The model is intended as an illustrative

means to infer the processes of present water quality. This

information is useful to provide a guide for monitoring efforts

addressing the management problem to be solved.

4. INFOWORKS FLOW AND WATER QUALITY
SIMULATION
To run a water quality simulation, a hydraulic simulation is a

requisite to provide flow data for use by the water quality

simulation engine. The package of InfoWorks River Simulation

(RS) is a hydrodynamic model that solves the full unsteady flow

equations and is capable of simulating a wide range of flow

situations and channel characteristics. The methodology is based

on Saint Venant equations, which express the conservation of

mass and momentum. The equations that describe one-

dimensional unsteady flow in open channels consist of the

continuity equation, Equation 1, and the momentum equation,

Equation 2, as

B
@y

@t
þ @Q

@x
¼ q1

where y is river water level, Q is discharge, B is stream top

width, q is the lateral flow into the channel per unit length of

channel, x is the distance along the channel and t is time.

Sf ¼ So �
@y

@x
� V

g

@V

@x
� 1

g

@V

@t
2

where A is flow area, g is gravitational acceleration and Sf is

friction slope.

InfoWorks RS model uses a four-point, implicit, finite difference

approximation to solve the Saint Venant equations numerically.
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Figure 3. The recorded concentration of dissolved oxygen, 1999–2006
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Figure 4. The recorded concentrations of ammoniacal nitrogen, 1999–2006
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The scheme is structured in mathematical terms as non-linear

hyperbolic partial different equations.

InfoWorks incorporates a water quality module that is an add-

on embedded in the InfoWorks’ RS package. InfoWorks’ water

quality module is used to model water quality in open channels.

The water quality simulation engine is separate from the

hydraulic engine (which provides the hydrodynamics) and

therefore water quality simulations require two separate

simulations. The relationship is shown in Figure 5. First the

hydraulic model is run, and then one or more water quality

simulations make use of the hydrodynamic data. The water

quality module models the transport of pollutants along open

channel reaches by the one-dimensional advection–diffusion

equation, as in Equation 3

@ðCAÞ
@t

¼ � @ðuCAÞ
@x

þ @

@x
DA

@C

@x

� �
þ S3

where C is the pollutant concentration (kg/m3), A is cross-

sectional flow area (m2), u is cross-sectional averaged flow

velocity (m/s), D is diffusion coefficient (m2/s), x is the distance

(m), t is time (s) and S is a source/sink term representing decay,

growth, erosion, deposition and so on (kg/m per s).

InfoWorks’ water quality module is a depth-average model,

written in a modular fashion so that

not all the processes need to be

studied at once. The DO is the

presumed indication of the oxygen

balance in the river owing to decay

of organic material. Based on this,

the DO modelling is simplified as a

transported substance due to decay

of organic substances according to a

first-order decay equation, owing to

insufficient data. The transport and

decay of such pollutants are

simulated independently of the other

variables.

5. HYDRODYNAMIC MODEL
DEVELOPMENT
By using ESRI ArcView 3.1 software

together with its 3D-Analyst 1.0

extension, a 1:10 000 scaled key

plan in AutoCad format featuring

the Maong River project area is used

to create a triangulated irregular

networks (TIN) ground surface

model (see Figure 6). The TIN model

was exported to InfoWorks RS

environment as a digital terrain

model (DTM) where the ground

surface information is extracted for

network building. The river network

is interacted through the embedded

geographical plan (GeoPlan), where

the Maong River network is

developed through the on-screen

creation of model nodes and links.

Nodes (the lowest mid-point in the river cross-sections) were

established at convenient points along the Maong River

channels to suit major geographical landmarks and suitable

segmentation of the flow paths. Each node provides ground

level and indication of the channel cross-section. Links between

Quality
simulation

Pollutant flow
information

Hydraulic
simulation

Input river information

Flow information Pollution information

Figure 5. Relationships of flow and water quality simulation

By utilising ESRI ArcView 3.1

By utilising InfoWorks RS

Topographical
data

Sungai Maong hydrodynamic model for flow simulation

Sungai Maong flow data

Digital map of
Sungai Maong catchment

TIN ground surface of
Sungai Maong catchment

Hydrological
data as

boundary
conditions

Figure 6. Schematic diagram for hydrodynamic model development
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nodes are given river lengths. Both the channel cross-section

and river length data were extracted from the Sarawak River

environmental control study.5

All hydraulic models require that initial and boundary conditions

are established before the flow simulation commences. Initial

conditions are simply stated as the conditions at all points in the

river at the beginning of the simulation. Initial conditions are

established by specifying a base flow within the channel at the

start of the simulation. Boundary condition is the known

relationship between discharge and time or stage and time. Flow

simulation requires the specification of upstream, downstream

and internal boundary conditions. A boundary node is used to

attach boundary conditions to the network. Flow condition is

modelled as a boundary which can define the level of flow. This

boundary must attach to a node, which provides the physical

location for the inflow.

Recorded discharged hydrographs are available in the Maong

River catchments. A flow–time boundary is used as the

upstream and internal boundary in the Maong Kanan River and

Maong Kiri River. The flow–time boundary models a discharge

hydrograph specified as a boundary condition. This boundary

condition is usually applied at the upstream end of a network

and attached to a junction node for the internal boundary.

A stage–time boundary is used as the downstream boundary at

the mouth of the Maong River. The stage–time boundary is in

essence a rating curve that allows the input of the water level

hydrograph as a boundary condition. This boundary condition is

usually applied at the downstream end of a network.

InfoWorks RS was applied to carry out a post-flood analysis in

the Maong River6 where the model was proven to be a

satisfactory tool for modelling the flooding processes. The flood

analysis indicated that a Manning’s n of 0.03 was appropriate

for the Maong River waterway whereas for its floodplain, a

Manning’s n of 0.05 was appropriate. A time step of 15 s was

appropriate for the conversion of the model. These parameters

are adopted for the present study.

6. WATER QUALITY MODEL DEVELOPMENT
Water quality boundary conditions need to be set where they are

attached to network nodes to define the concentration of

pollutants so that the model will operate. Water flowing into the

model will carry dissolved and suspended materials within it.

Boundary conditions need to be set only at boundary nodes where

water enters the model. The concentration of variables at out-

flowing boundaries is determined from the upstream conditions.

There are several boundary type options available in the

InfoWorks’ water quality module. Selection of the appropriate

boundary type depends on particular situations and data

availability. Most boundary types require hourly pollutant

profiles. For this, in addition to the four sampling sites of NREB,

another three more sites were identified. The authors collected

the on-site hourly DO data at the seven sites where all the

observed DO data were below 1.0mg/l and the lowest reading

recorded was 0.02mg/l. To model the concerned DO, as

mentioned earlier, limited by the current data, the hourly DO

data collected are considered as concentration–time boundary

pollutants. The data were fed into the model except for one

station at SMB Chung Hua, which was selected for validation

purposes. The calibration of the decay rate, K, of organic

matters was found to be satisfactory at a rate of 0.1 per day.

The correlation of the observed and simulated DO concentration

at SMB Chung Hua Station was 0.82 (see Figure 7). The low DO

readings and the slow decay rate of organic matters indicated

that the river is alarmingly unhealthy.

The current model concentrated only on Maong Kiri River. For

the Maong Kanan River catchments, although they are being

rapidly developed as new townships, no water quality

monitoring samples have been collected from the river at the

present time and therefore no water quality boundary is

available for the river.

7. SIMULATION RESULTS
The developed model is intended to simulate the transportation

processes of the DO in response to the decaying components.

Such crude data may function as preliminary steps in solving

the problem and planning further detailed investigations.

Hypothetical flow conditions of high- and low-flow scenarios in

the Maong Kiri River were tested against the advection and

diffusion of the concerned pollutants. For demonstration here,

an average day in December was simulated at the location of

the public high school in Chung Hua. The upstream nodes

before Central Park are imposed with DO concentration–time

data, while the downstream nodes are left for the advection and

diffusion computation to produce a result. The month of

December is generally perceived as a rainy month that falls

during the north-east monsoon season. The results of the

different flow scenarios in the Maong Kiri River are presented in

Table 2. The flow conditions seemingly had little effect on the

DO concentration. The river was regarded as having lost of its

ability to self-cleanse. The current version of InfoWorks 5.0

being used supports only node themes visualisation/animation,

where the water quality parameters are displayed just on the

nodes (see Figures 8 and 9).

8. CONCLUSIONS
Determining through modelling how water quality is changing

over time is equally important as to determine which activities

of land uses that are affecting the water quality. The knowledge

of trends and changing points, their position in time and if they

are statistically significant, is important because they allow the

interpretation of its possible causes. By studying the relationship

between water quality and its temporal behaviours, proper

1 2 3 4 5 6 7

Actual DO
Computed DO with decay rate 0·1

Time: h

D
O

 c
on

ce
nt

ra
tio

n:
 m

g/
l

0·5

0·4

0·3

0·2

0·1

0

Figure 7. Comparison of actual and computed DO at SMB Chung
Hua Station, where the correlation coefficient¼ 0.82
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actions for preservation and management of water resource can

be developed. The information arising from the monitoring

program conducted by the NREB Sarawak and other agencies is

potentially a major source for assessing of water quality in the

rivers of the Sarawak. In view of this fact, by modelling of

water quality of Maong River, it is hoped that the authorities

will be able to closely examine the past, present and future

trend of Maong River water quality. The information shall

enable the state’s environmental policies in river water

management to be targeted correctly and cost effectively.

InfoWorks model adopted hereby is capable of providing

insights into the extent of water quality situations in Maong

River.
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Figure 8. Graphics of low-flow scenario Figure 9. Graphics of flood-flow scenario

Central Park
Station

(a) Low flow: water level between
0.4 and 0.9m

(b) High flow (no burst of bank):
water level between 0.8 and 1.7m

(c) Flood flow (a small event):
water level between 1.8 and 2.5m

WL DO WL DO WL DO

05/12/2006 09:00 0.624 0.200 1.082 0.200 2.083 0.200
05/12/2006 10:00 0.812 0.169 1.275 0.166 2.288 0.165
05/12/2006 11:00 1.191 0.081 1.663 0.066 2.666 0.076
05/12/2006 12:00 1.080 0.270 1.535 0.265 2.552 0.273
05/12/2006 13:00 0.714 0.179 1.160 0.183 2.143 0.200
05/12/2006 14:00 0.637 0.264 1.099 0.264 2.114 0.261
05/12/2006 15:00 0.807 0.174 1.277 0.175 2.286 0.187

Table 2. Computed DO values according to different hypothetical flow scenarios in Maong Kiri River (SMB Chung Hua)
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