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Abstract

Flood is occurring more frequently in Kuching nowadays due to the impact
of climate change and rapid urbanization. The only discharge outlet for Sa-
rawak River Basin currently is at Kuching Barrage and Shiplock. Sarawak
State Government had decided to build Matang Bypass Channel from Sara-

>«

wak River’s “Oxbow” to Batang Salak River for mitigating the flooding issues
within Sarawak River Basin. Matang Bypass Channel had a bottom width of
250 m, 500 m reserve width and 8 Km in length. Flow behaviour with two
discharge outlets during low tides are unknown yet. Therefore, this research
is carried out to study Sarawak River flow behaviour after construction of
Matang Bypass Channel using InfoWorks River Simulation (RS). Rainfall da-
ta used is January 2018. Four scenarios investigated are 1) Open two gates at
Matang Bypass Channel opens and all gates at Kuching Barrage, 2) Open all
gates at Matang Bypass Channel and Kuching Barrage, 3) Open gates at Ma-
tang Bypass Channel, but close all gates at Kuching Barrage, 4) Close all gates
at Matang Bypass Channel, but open all gates at Kuching Barrage. Results re-
vealed that when water gates are opened, sea water has the potential to back-
flow into Sarawak River basin through Kuching Barrage since sea level at
Kuching Barrage discharge outlet is always 0.5 m higher than Matang Bypass
Channel discharge outlet. When the gates at Matang Bypass Channel are fully
opened and Kuching Barrage are closed, Kuching Barrage will retain the
excess water and the river water will only be discharged into ocean through
Matang Bypass Channel. In contrast, as the gates at Matang Bypass Channel
are closed and at Kuching Barrage are fully opened, Matang Bypass Channel
will store the excess water and river water will be discharged through Kuch-
ing Barrage alone.
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1. Introduction

Sarawak, a state of Malaysia located on Borneo Island, is suffering from the
impacts of climate change. Recurrent floods had been recorded in major towns
of Sarawak, such as Kuching, Sibu, Miri, and Bintulu. These flood events had
caused losses of lives, properties and infrastructures. Floods in Malaysia had af-
fected 9% of the total land area and 22% of the population [1] [2]. Flood is nor-
mally hard to predict because of its rapid triggered nature. Typical reasons for a
flood event happening are high precipitation rate, which incorporates with inef-
ficient runoff management infrastructure.

Kuching, the capital of Sarawak state is frequently plagued by flooding issues
in recent years due to the sea level rise, shallowing of the riverbed and disability
to discharge the excess stormwater into South China Sea after extreme heavy
downpour. Since 2003, Sarawak River basin is frequently inundated during
monsoons season including floods in February 2003, January 2004 and January
2009 [3] [4]. Maximum monthly rainfall amount that had been recorded is 700
mm [5] [6] [7]. The most frequent inundated road is Kuching-Bau road. This is
one of the main roads that connect Kuching with other rural towns including
Bau, Semantan, Lundu and other inland villages. Since 2014, Kuching old bazaar
areas including Merdeka Palace Hotel, Merdeka Plaza, Padang Merdeka Park
and Central Police station are always inundated by floods. There is only one
discharge outlet for Sarawak River basin, that is located at Kuching Barrage and
Shiplock. Sometime, river water is not in time to discharge into the sea particu-
larly after heavy downpour during king tides period.

In order to mitigate the flood events, Sarawak state government has planned
to construct Matang Bypass Channel, an additional outlet for discharging excess
water within Sarawak River basin into South China Sea. However, the effective-
ness and efficiency of this bypass channel are unknown yet. Therefore, it is in-
itiated in this study to evaluate the performance and ability of Matang Bypass
Channel for mitigating the floods in Sarawak River basin. Sarawak River flow
behaviour after before and after construction of Matang Bypass Channel will be
analysed using Infoworks River Simulation (RS) software. Inforworks RS was
developed by Innovyze Inc. and had been widely used in water quality modelling
[8], flood risk zoning [9], flood [10] [11] and sediment simulation [12].

The proposed bypass channel has a total length of 8 Km connecting Sarawak
River to Batang Salak. Channel bed width is 250 m with side slope of 4:1 and the
reserved width is 500 m. This flood bypass channel was designed based on 100

years Average Recurrence Interval (ARI) rainfall event.
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2. Study Area

The selected study area is Sarawak River, the second longest river in Sarawak
with the length of 120 Km. The size of Sarawak River basin is approximately
2459 km?. Upper catchment is divided into two major tributaries, named as Sa-
rawak River Kiri and Sarawak River Kanan. Both tributaries started from Kali-
mantan mountainous boundaries and the confluence joined at Batu Kitang, the-
reafter flow through Kuching City, towards South China Sea [13]. Figure 1
shows the location of Sarawak River Kiri and Sarawak River Kanan.

Several hydraulic structures were constructed for storing raw water, prevent
saline intrusion and mitigating flood within Sarawak River basin (refer to Fig-
ure 1). Bengoh Dam and Batu Kitang Submersible Weir had been constructed
to ensure sufficient raw water supply to Batu Kitang Water Treatment Plant.
Kuching Barrage maintained water quality by controlling the saline intrusion
into the upstream, to regulate the upstream water level, to mitigate fluvial and
tidal flooding in Kuching by operating the Barrage gates. As there is only one
discharge outlet for whole Sarawak River basin, the excess sometimes may not in
time to discharge river water into South China Sea. The record of the flood
events occurred in Sarawak River basin for 2017 and 2018 are presented in Table
1.

Therefore, Matang Bypass Channel had been proposed to reduce the risk of
flooding within Sarawak River Basin. Matang Bypass Channel is started at “ox-
bow” lake of Sarawak River towards Batang Salak as presented in Figure 2. This
earth channel is lying on peat wetlands and the outlet at Batang Salak River is
lined with mangrove swamp. Matang Bypass Channel is designed in rectangular
shape for the length of 8 Km, base width of 250 m and 10 m depth. The reserve
width of this man made channel is 500 m and two bridges will be constructed
across the bypass channel. A Tidal Control Gate (TCG) with fourteen (14) water
gates as presented in Figure 3 was proposed at the outlet of bypass channel. Till
to date, the channel is only 3 Km constructed due to financial and political is-
sues. However, the dynamic of the water system within the channel and Sarawak

River will be modelled using Infoworks River Simulation (RS) software.

3. Methodology

Investigation was carried out based on following four scenarios:

1) Scenario 1: TCG at Matang Bypass Channel opens two (2) gates out of
fourteen (14) gates available, all five (5) radial gates at Kuching Barrage are fully
opened.

2) Scenario 2: All gates both at TCG Matang Bypass Channel and Kuching
Barrage are fully opened.

3) Scenario 3: All gates at TCG Matang Bypass Channel ae fully opened, but
all gates at Kuching Barrage are closed.

4) Scenario 4: All gates at TCG Matang Bypass Channel are closed, but all
gates at Kuching Barrage are fully opened.
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(a) Bngoh Dam

(c) Batu Kitang submersible weir

Figure 1. Sarawak river basin and key hydraulics structures [13].
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Figure 3. The tidal control gate at Batang Salak.
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Table 1. Historical flood events recorded in sarawak in 2017-2018 [14].

Events

27.11.17
@1645 hrs

28.11.17
@0200 hrs

4.12.17
@1630 hrs

04.12.17
@1600 hrs

18.12.17
@0100 hrs - 0500 hrs

18.12.17
@0400 hrs - 1200 hrs

18.12.17
@0500 hrs - 0800 hrs

18.12.17
@0530 hrs - 0630 hrs

2.2.2018

2.2.2018

2.2.2018

3.2.2018

20.2.2018

1.3.2018

03.02.2018
@0700 hrs

03.05.2018
@2100 hrs

30.5.2018

22.11.2018
@1700 hrs - 1900 hrs

Affected Flood Areas

JIn Lorong Matang Jaya 9B, Matang Jaya dan Metro
City jalan Matang, Kuching

JIn Kota Sentosa dan Kawasan Kampung Sentosa,
Kuching

Tabuan Dayak, Jalan Mendu dan Jalan Ban Hock,
Kuching

Taman Tabuan Dayak, Jalan Mendu, Kuching

Tabuan Dayak, Kuching

Kpg. Pulo Ulu ( Bahagian Hulu Kampung), Kuching

Kpg. Sinar Budi, Kuching

Kpg. Beradek dan Kpg. Semilang

Kampung Tanjong Bako, Kuching

Kampung Buntal Ulu/Lot, Kuching

Kampung Gobielt, Kampung Pasir Pandak, Kampung
Sungai Lumut, Pasar Lundu, Kpg. Stuggang Melayu
Baru & Lama, Kpg. Sileng Dayak

Pasar Lundu, Kpg. Stuggang Melayu Baru & Lama,
Kpg. Sileng Dayak

Kampung Buntal Lot, Kuching

Kpg. Bako Lot, Kpg. Bako (Taman Hijrah), Kpg. Bako
(Taman Mesra), Kpg. Sungai Bako

Jalan Ban Hock, Tabuan Dayak, Hospital Umum

Flood Height

0.1 m - 0.3 m from
ground level

0.1 m - 0.2 m from
ground level

0.1lm-03m

0.1m-0.15m

0.8 m - 1.0 m from
floor surface level

03m-09m

0.3m-0.6m

0.3 m

Comments

Heavy rainfall and overflowing rain water from
the existing drainage system

Continuous heavy rainfall causing stagnant
water to low laying area at kampung sentosa

Continuous heavy rainfall

Continuous heavy rainfall

Heavy rainfall

Heavy rainfall and overflowing water from
drainage along land reclaimation area

Heavy rainfall and king tide

Heavy rainfall and king tide

0.15 m from ground Continuous heavy rainfall coincide with King

level
0.3 m from road

level

0.15m - 0.6 m from
road level

0.3 m - 0.6 m from
road level
0.3 m from road

level

0.1-0.30m

Sarawak, Batu Lintang, Jalan P Ramlee, Jalan Kampung 0.1 - 0.5 from road

Simpang 3 (SJK Chung Hua No. 5), Jalan Durian
Burung

Pasar Lundu, Kpd Stunggang Melayu Baru/ Lama dan
Kpg Sileng Dayak

Jalan Mendu (SJK Chung Hua No.5)

Kpg. Tringgus

Kawasan Hospital, JIn Tun Abg Hj Openg, Jalan P
Ramlee, Kawasan Padang Merdeka, Lintan Park
Utara, Lorong Lintang Park Selatan 1, JIn Ellis, Jalan
Padungan, Kawasan letak tempat kereta Timberland
Medical Centre dan Tabuan Dayak

level

0.3 - 0.6 from road
level

0.2 m - 0.5 m from
surface level

0.3 m - 0.5 m above
road level

0.1m-0.5m

Tide

Continuous heavy rainfall coincide with King
Tide

Continuous heavy rainfall coincide with King
Tide causing the water to flow to the road

Continuous heavy rainfall coincide with King
Tide

Flash flood caused by heavy rainfall

Flash flood caused by heavy rainfall

Continuous heavy rainfall and the output drain
is not functioning well

Continuous heavy rainfall coincide with King
Tide

Heavy rainfall

Flash flood caused by heavy rainfall

Scupper drain and inlet sump block due to the
heavy rainfall and drainage capacity along the
secondary road cannot hold surface runoff
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Hydrological data used for model calibration was January 2015. River model-
ling processes using InfoWorks RS is illustrated in Figure 4.

Before modelling process, all the relevant information required were collected
from relevant authorities and scholarly articles [15] [16] [17] [18]. Hydrological
data and Light Detection and Ranging (LIDAR) data were collected from
Department of Irrigation and Drainage (DID) Sarawak. DID Sarawak had in-
stalled 24 telemetry stations along Sarawak River for monitoring rainfall events
and water levels. All these telemetry data can be downloaded from Infobanjir
webpage and published in Sarawak hydrological yearbook 2018 [19]. Meanwhile,
predicted tidal level at Kuching Barrage and Batang Salak are obtained from Sa-
rawak Marine Department. Information of hydraulic structures that were con-
structed within Sarawak Rover Basin was obtained from relevant government
agencies and scholarly papers as tabulated in Table 2. DID Sarawak also pro-
vided the details of the proposed Matang Bypass Channel cum the tidal control
gate at outlet.

The information obtained includes LIDAR data, Sarawak River cross-section,
existing hydraulic structures will be transferred into InfoWorks RS to construct
a hydraulic model and simulate the flow behaviour of Sarawak River. Simulation
will be carried out with 100 years ARI rainfall event, together with boundary
condition and catchment properties. The manning roughness coefficient values
for river channel, left and right banks are then calibrated to ensure the correla-
tion between the observed and the simulated values are matching. The accuracy
of the simulation results will be measured using Mean Absolute Peak Error
(MAPE) and Coefficient of Correlation (R) as presented in Equations (1) and
(2), respectively.

Mean Absolute Peak Error (MAPE ) = (N e = Nim_max )/ Mim_mes (1)

where, Aops.max is referring to maximum water level from observed data, Asim-max

refers to maximum water level from simulated data.
N _ _
20 -0)(p-P)
2

il Lo
Jhe-a) S (p-F)

Coefficient of Correlation, R =

where, O, = Observed values;

P, = Predicted values;

O, = mean of observed values;
Data Delineatio Data Input Model Run the
Collection n Calibration Model
eCreate «Create *Hydrological eCalibrate
Networks master Structure and eScenario 1
Data Model Perform eScenario 2
elnput *Hydrological Simulation eScenario 3
LiDar Data eScenario 4
Data
A\ J

Figure 4. Modelling procedure of sarawak kiri river using InfoWork RS.

DOI: 10.4236/jep.2021.121004

41 Journal of Environmental Protection


https://doi.org/10.4236/jep.2021.121004

K. K. Kuok et al.

Table 2. Information of existing hydraulic structure [12] [20].

Structural Information

Crest Length = 37 m; Crest Level = -8 mAD

Kuching B
uching barrage Gate Heigh = 8 m; Gate Width =25 m

Base Width = 250 m; Top Width = 300 m

Matang Flood Mitigation
Depth = 4 - 8 m; Reserve area = 500 m

B Ch 1
VPpass Lhanne Length = around 8 Km
Height = 63.2 m; Width = 267 m
Capacity = 88.7 km? Catchment = 144 x 10° m*
Bengoh Dam

Crest Level = 86.2 m; Spill Level = 80 mAD
Lowest Level = 23.2 mAD

Height = 1.5 m; Width = 255 m

BatuKitang Sub ible Wei
atufitang submersible Welr Crest Level = 1.5 mAD

P = mean of predicted values.

Thereafter, river cross section of the proposed Matang Flood Mitigation By-
pass Channel will input into the developed model. River flow behaviour within
Sarawak River basin with 2 discharge outlets will be investigated and analysed

under 4 different scenarios as mentioned earlier.

4. Results and Discussion

Scenario 1: TCG at Matang Bypass Channel opens two gates, all gates at
Kuching Barrage are fully opened

Results for scenario 1 revealed that the flowrate of the downstream towards
the Kuching Barrage are in negative values, and it was only turned into positive
values about one hour before the low tide (refer to Figure 5). The negative flo-
wrate means the downstream is experiencing backflow of seawater through
Kuching Barrage during low tide, while Matang Bypass Channel is responsible
for discharging all river basin water into the ocean. This phenomenon happened
because the sea level at Kuching Barrage discharge point is always 0.5m higher
than the Matang Bypass Channel [21]. Besides, it was also found that riverbed of
Matang Bypass Channel is slightly deeper that the discharge path of Kuching
Barrage. About one hour before low tide, the backflow of the seawater stopped,
and the river water are discharging concurrently both through Kuching Barrage
and Matang Bypass Channel towards South China Sea. Schematic diagram
showing of seawater via Kuching Barrage under Scenario 1 is presented in Fig-
ure 6.

Scenario 2: All gates at Matang Bypass Channel and Kuching Barrage are
fully opened.

Figure 7 presents river flow under scenario 2 with all gates at Matang Bypass
Channel and Kuching Barrage are fully opened. Similar with scenario 1, results
for scenario 2 revealed that Kuching Barrage is having negative flowrate values
most of the time except one hour before and after the low tide. The negative
values mean sea water is back flowing towards Sarawak River through Kuching
Barrage. This may destruct the local aquatic ecosystem due to saline intrusion.

During this period, water in Sarawak River will only be discharged into South
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China Sea through Matang Bypass Channel. One hour before and after the low
tide, it was found river water is discharging into South China Sea for 2 hours

both from Matang Bypass Channel and Kuching Barrage.
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Figure 5. Graph Flowrate (m?*/s) vs Time for Scenario 1.
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Figure 6. Schematic diagram of flow direction for Scenario 1.
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Figure 7. Graph Flowrate (m?/s) vs Time for Scenario 2.
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The flow direction displayed in Figure 8 is the river flow for 10 hours, from
one hour after low tide to 1 hour before low tide). It is clearly shown that the
sea water is flowing back from Kuching Barrage and mix with water flowing
down from upstream in “Oxbox” lake, then discharging through Matang Bypass
Channel into South China Sea. In contrast, river water will flow constanstly
through Kuching Barrage, if Matang Bypass Channel is not constructed.

Scenario 3: All gates at Matang Bypass Channel fully opened, all gates at
Kuching Barrage are closed.

Figure 9 shows the river flow when the gates at Kuching Barrage are fully
closed and Matang Bypass Channel fully opened. Simulation results for scenario
3 found that whole stretch of Sarawak River starting from Oxbox to Kuching
Barrage is serving as reservoir, while the river water will discharge constantly to
South China Sea through Matang Bypass Channel. At the initial stage, river flow
towards Kuching Barrage is relatively low, and most of the river water is chan-
nelling towards Matang Bypass Channel as the channel bed level is consistently
0.5 m lower than the Kuching Barrage due to sediment that had been accumu-
lated throughout the years. The discharge towards Kuching Barrage will reduce
gradually until at one stage, the flows become stagnant. In such situation, the
whole river stretch will serve as reservoir to store excess river water in Sarawak
River basin. All the water will be discharged to South China Sea through Matang
Bypass Channel.

Figure 10 is the schematic diagram of flow direction for scenario 3 at initial
stage. Most of the river water was discharged into the South China Sea through
Matang Bypass Channel, only little amount of river water flow towards the
Kuching Barrage. The river flowrate towards Kuching Barrage will reduce grad-
ually until certain stage, all the river will be discharged through Matang Bypass
Channel.

Scenario 4: All gates at Matang Bypass Channel fully closed, all gates at
Kuching Barrage fully opened.

% Sarawak River Up Stream

(Fully Open)

To Kuching
Barrage

Gates)

Matang Bypass Channel

Figure 8. Schematic diagram of flow direction for Scenario 2.
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Figure 12. Schematic diagram of flow direction for Scenario 4.

Figure 11 presents river flow when Matang Bypass Channel is fully closed and
Kuching Barrage is fully opened. As the outlet gates at Matang Bypass Channel is
fully closed, whole stretch of Matang Bypass Channel will function as storage
reservoir. At the initial stage, most of the river water was still flowing into Ma-
tang Bypass Channel level as its bed level is always 0.5 m lower than Kuching
Barrage. As the water level in Matang Bypass Channel reached certain height,
the river water will be diverted and discharged into Kuching Barrage discharge
outlet. Flow direction of the river water at initial stage for scenario 4 is presented
in Figure 12. It was found that river water was discharging into Kuching bypass
channel and Kuching Barrage initially. Water will be stored in Matang Bypass
Channel until reaching certain height, river water will be discharged into South
China Sea through Kuching Barrage.

5. Conclusions

This research project has successfully determined the flow behaviour in Sarawak
River basin after construction of Matang Bypass Channel during low tide condi-
tion using InfoWorks RS. By constructing the Matang Bypass Channel, the
flooding problem within Sarawak River basin will be minimized as river water
can be discharged into ocean via Kuching Barrage and Matang Bypass Channel
simultaneously. However, the time period to open the TCG at Matang Bypass
Channel and Kuching Barrage needs to be deeply understood and investigated to
prevent the backflow of seawater.

Results revealed that when water gates for both Matang Bypass Channel and
Kuching Barrage were opened as investigated under scenarios 1 and 2, seawater
might backflow into Sarawak River basin through Kuching Barrage and this
might lead to saline intrusion that would destruct local aquatic ecosystem. This
is because sea level at Kuching Barrage discharge outlet is always 0.5 m higher
than discharge outlet at Matang Bypass Channel.

When the gates at Matang Bypass Channel are fully opened and at Kuching

Barrage are closed as investigated under scenario 3, the flow path towards Kuching
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Barrage will retain the excess water and the river water will only be discharged

into ocean through Matang Bypass Channel. Meanwhile, as gates at Matang By-

pass Channel are closed and at Kuching Barrage are fully opened, the results ob-

tained are totally compared to scenario 3. With the fully closure of Matang By-

pass Channel gates, Matang Bypass Channel will serve as a storage reservoir and

river water will be discharged through Kuching Barrage alone.
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