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Abstract This research was conducted to study rietage (Mah et al., 2011) andanuary 201%ecently To alleviate the
behavior at Sarawak River before and afteBengoh Dam impacts of floods, various flood mitigation structureave
construction.The relationship of Bengoh Dam and Sarawak been constructed inclidy Bengoh Dam and Sarawak River
River stageare thoroughly analyzed and discusseased on Barrage.

four scenariosiamely alpefore ém constructionb) after dam
construction andeservoirfully filled with water,c) after dam
construction butaservoirempty, andd) constantflow release
after dam constructiorBesides, each scenario will be further
analyzed with the operation of bareagates at Sarawak River
mouth, both in fully opened or closed modegoWorks RS

Sarawak RiverBarrage started to operate in year 2000.
Throughout the years, Sarawak River Barrage had proven its
efficiency for mitigating the flood problems within Sarawak
River Basin. Bengoh Dam was constructed to ensure the safe
yield of water supply to Batu Kitan@/ater Treatment Plant

was employedto model SarawakRiver using Jamary 2000 giﬁggg%;ng 'Lﬁ.ﬁxgi%ngténzugg'irgﬁr? maergggfrigr";%tgg
hydrological data The study demonstrated that after uching IS surrounding y

construction of Bengoh Danrjver stage level at Sarawak ;Mortl_so_n atnd Yt?-‘Oht’ 2010)86?'%‘3368?”9% Df’f{‘rr]n 'r‘;f alio
River at upper reachvill be reduced and the flood issaen be I_\E{nc |oEr)1ng obm| Igate reCL;‘rren 00d ISSues wi 'ﬁa wa ft
mitigated Besides,SarawakBarragealso plays a significant ~ NVer Basin Dy retaining the water in upper catchment after
role in influencing the river behavior. When the barrage gateg'eavy precipitation. However, the feasibility of Bengoh Dam to

are closed, thever stagdevel will rise tocertain extent, which ugate the flood is still uncertain as the progregsdam
severey inundates multiple locations at the river downstreamCOnStruction currently is only up to 97% completion andimot
qgraion yet. The capability of Bengoh Dam to retain

In contrast, when the barrage gates are opened and sea level L .
lower than the river level, S%hegriver WateE will flow towards ranwater at upper catchment is still unknown (Horritt & Bates,

South China Sea at constant rate. 2002_).The hydrological analysis of the Sarawak_ River Basin is
required to have a better control of the river flow and
Keywords Flood, Hydraulics Structures,River Stage, preparation of flooanitigation measures.

Infoworks RS Thus, it is initiated to study the Sarawdkiver flow

behavior once Bengoh Dam is under operatwith three
hydraulics structures that had been constructed within the river
I. INTRODUCTION basin including Sarawak River Barrage, Batu Kitang

Floods are inevitable natural phenomena of river catchmertubmersite Weir and Bengoh DaniThe studes include
cycle which result in adverse impacts on countless regiorf®ydraulic simulation of SarawaRiver Basin coveringriver
around the world periodically. Floods are also disasters capabl@w behavior, maximum water level, flood occurrence period
of causing tremendous loss ofdivand economics, as well as @hd potential flood zones using the hydrodynamic modeling
catastrophic damages to private properties and naturfPftware, InfoWorks River SimulatiofRS). The relationships
resources in many countries. As a country with equatoridt€tween Bengoh Dam and SarawRiver flow behavior are
climate, Malaysia constantly experiences extreme humidity an@nalyzed for four different scenarios:a) before dam
high temperature (Selaman & Ta8011). Sarawak ishe state ~ construction, b) after dam construction and reservoir fully
that experiences the greatest amount of rairgabut 4000mm filled with water, c) after dam construction but reservoir gmpt
annually and the total annual surface water runoff is about 30®d d) constant flow release after dam construction. In
bilion m*® (Morison and Yeoh, 2010)Since year 20Q0 addition, the model will further analyzed with barrage gates
Sarawak river basin has experienced five major flood events pperationsat downstreambothin opening and closing modes
Jaruary 2000, February 2003, January 2004, January 2004ing January 2000 rainfall event.
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Il.  STUDY AREA the confluence approaching Batu Kitang, then flow towards
South China Sea. The heavily forested river meanders
irregularly and connectwith twelve streams passing through
Kuching City before discharging to the sea. Three hydraulic
gstructures have been constructed along Sarawak River namely
Bengoh Dam, Batu Kitang Submersible Weir and Sarawak
nRiver Barrage as illustrated in Fig. 1.

Naturally, Sarawak River is shered by robust plant
covers with approximately 1400 Krwatershed areas, and the
river bed rests on the natural state of AlllRdin River,
almost without any artificial embankment on it (Duan, Wan
Zhao 2003). Sarawak River is divided into two mnajo
tributaries, mainly Sarawak Kiri River and Sarawak Kana
Riverwhich stem from the mountainous terrain and connects at
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Bengoh Dam was buitb ensure adequate raw water syppl Besides, hydrological gauging stats are set up by
to BKWTP during drought season and also to mitigate theDepartment of Irrigation and Drainage (DIE) monitor the
flood during raining seasoriThe function ofBatu Kitang water level withinSarawakRiver Basin (DID Manual, 2009)
Submersible Weirs to increase the safe yield of Sarawak Kiri These gauging statisrare Buan Bidi and Siniawalocated
River to ensure reliableaw watersupplyto BKWTP andalso  along Sarawak KanarRiver, Bengoh, Git and Batu Kitang
acted as a salinity barrier tprevent the saline intrusion along Sarawak Kiri River The confluence point for dth
reaching the water intake (Kuait al, 2013). Meanwhile, Sarawak Kiri and KanarRivers is located at BatwKitang.
Sarawak River Barrage/as constructed to regulate the river Thereafter, th confluenceof Sarawak Rivewill flow towards
flow and control the saline intrusiorfrom reaching water Sarawak River Barrage passing throughtu Kawa, Kuala
intake point MaongandSatokgauging statios
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Figure2. Schematid®iagramof the Bengoh Dam (Kuokt al.2011)

Bengoh Dam is a Roller Compacted Concrete deth IV. METHODOLOGY
63.2m heightand 267m width (Morison & Yeoh2010). The
Bengoh Dam is estimated to provide a grossag®r of
approximately 144Mrh with surface areas of 8.87 ks the
water level within dam reservoir reaches certain level, the

The riverflow at upper catchment Garawak Rivebefore
and after construction of Bengoh Damiil be simulatedunder
following scenarios:

water will flow into the RC DrawOff towersand discharge i) Modelingof Sarawak Rivebefore dam construction
into downstream through twirl.6m diameteroutlet pipes ii) Modelingof Sarawak River with Bengoh Daandthe
(Morison & Yed, 2010). Under normatondition water will reservoir is fully filled with water

be released through a single 1.6m diameter outflow. jiwe
outflow pipes will only be utilizedfor releasing the water
during emergencyespecially afteran extreme rainfall event
(Morison & Yeoh 2010) In cortrast asthe water level exceed
the dam crest level, the excess watdl surpasghe spillway
and the flow energy will be reduced by energy dissipation
blocks Only top part of reservoir water to be released into

iii) Modeling of Sarawak River with Bengoh Daandthe
reservoir is empty
iv) Modelling of Sarawak River with Bengoh Daand
constant flow is releasadder following conditioa
a) Water behind the dam at full height (63.2wi}h 1
gateopened and 2 gates opened

1.6m diameter outflow pipeJhis is toensureonly cleanand b) Water behind the dam at half height (31.6m) with
freshraw watemwill be supplied to BKWTP. 1 gate opened and 2 gates opened
International Journal of Science and Engineering Investigativolumed, Issue42, July 2015 88

www.lJSEl.com ISSN: 22518843 Paper ID:4421512



All the fourscenarios will benvestigatedwith the barrage
gatesin opering and closing mode®Barrage gates will be Where h is refering to maximum water level from
closed when the sea level is higher than the river level to avoit(i:Ej d d Otbsmaah . fg " : ter level f
saline intrusion towards upper catchment. In contrast, barrai SErVed datanahsimmax€1ErS 10 maximum water level from
gates will be opened when river level ighrer than sea level to Imulated data.

Mean Absolute Peak Eror = {lmax! Nsimmad! Nsimmax (1)

dischar@ the excess water and also for flushing the sedinent y B )
B B
+Data collection ]
“Create fiver networks Where,O; = Observed values
+Delineation of Sarawak River Basin - Including create master database and input ] Pi = Pred|cted Values
LiDAR data o
U = mean of observed values
*Input hydraulics structur_e information 0 = mean Of predicted VaerS
sInput survey & hydrological data
sCalibrate and validate the model
ssimulote the model V. RESULTS ANDDISCUSSION
After trial and error process the optimal manning

*Run the model with different scenarios: a) without dam; b) dam reservoir fully filled
with water; c) empty dam reservoir; d) Constant flow released from dam

Figure3. Modelling Procelureof Sarawak River Using InfoWork RS

roughness coefficient (n) for left and right banks was found to
be 0.12; while optimal n=0.065 was obtained for the river
channel. The mean absolute peak error and R obtained using
both optimal n values are 0.1866 and 0.85 respectively.

Theinput hydrologicaldata used for model calibration and A. SarawakRiverBarrage Gates in opened condition

simulation isJanuary 2000The reservoisize behind Bengoh

dam is 144Mm In this study, the time required to fuliyl up
thereservoiris also investigated he procedure of this studty
illustrated in Fig 3.

The operation of Barrage gathslps to control the water
level within Sarawak River basin. During heavy rain, radial
gates are fully opened to discharge the storm water into South
China Sea; meanwhile during normal flows, river water will be

Light Detection and Ranging (LIDAR) and hydrological regulated .through the smaller flap gatebatrage to maintain
data from Sarawak Riverarcollected from DID Sarawak for constant river level (Kuok et al., 2011).

river modelling purpose. On the other hand, details of
hydraulic structures are also obtained from relevant authorities

and some online scholarly papers.

1) Scenario 1: without Dam Construction
FromFig. 4, it was observed that theater levelpatternsat
Bengoh and Git are almostsimilar. The only difference is

The assessment of the river behaviour was carried out usingater level at Bengoh is abiolbm higher than Gidue tosteep

InfoWorks RS.Structural data and hydlogical dataare then

riverbedgradients in the upper stretd¢hiowever, water levedht

input into InfoWorks RS to delineatieydrological boundaries Batu Kltangis almostconstat starting from I to 21 January
of SarawakRiver model. The manning roughness coefficient 2000asraw fresh wateiarestored withinBatu Kitangreservoir
values for river channelleft and right banksneed to be for theintake of BKWTR The excess water will spill through
calibrated to ensure therrelation between the observed andtop of theBatu Kitangweir after 2£' January 2000Batu Kawa

the simulated valueare as close apossible The river flow
will be simulated bothin steady and unsteady flowlodel
performance is evaluated usiktpan AbsolutdPeak Erroand
Coefficient of CorrelatiorfR) as preseted in Equatiorl and 2

and Satok are located at the downstream of Sarawak river
basin. t was observed that water levigr both stations are
fluctuaing almostevery throughout thenonthdue toflat and
meanderingiver atthe lower reaches.

respectively
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Figure4. River Stageversustime within Sarawak RiveunderScenario 1
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2) Scenario 2: Dam Reservoir Fully Filled with Water from 1% January200Q there would be no storage capacity.
Condition Excess water will spill through the spillwand directly flow
Fig. 5 shows thewater level withinSarawak Rivemhen into downstream of Bengoh Dantherefore, water level
Bengoh Dam reservoir is fully filled with water. Since waterpattern for scenario 2 is exactly the same with scenario 1.
level in thedamreservoir is at maximum storage legrting
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Figure5. River Stage versus Timeithin Sarawak RiveunderScenario 2
3) Scenario 3: Empty Reservoir condition January200Q As thedamreservoir was full, the water starto

Bengoh Dam is funatining as water storage reservoir for overflow through the spillway and the river flow start to
future supply. Thus, water will fill the reservdirst before increase after 2 January2000 at Bengoh and Git stations
releasng into dowrstream Fg. 6 shows the river flow  This revealed that the time requiréiting up Bengoh dam is
behaviour along Sarawak River when the dam reservoir is igbout 2 days. In contrast, the water level at lower reaches
empty condition. Since river flow from ¢hupstream of including Batu Kitang, Batu Kawa and Sat@ie not much
Bengoh Dam was retained and stored to fill up the reservoir, &ffected. This is because there are samer flows from
is observed that thevater at Bengoh and Git stations, upper Sarawak KanaRiver gushes towardgownstream
reaches ofSarawak River is lowstarting from 1% to 21%
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Figure6. River Stage versus Timeithin Sarawak RiveunderScenarid3
4) Scenario 4: Costant Flow Released Condition constantreleasedof water from Bengoh Dam. The minimum

Bengoh Dam is constructed with two 1.6 diameter gatestage level at the Bengaas found to be?1.46m and the
that allowed water to be released accordinglye river stage ~ maximumstage levels 23.89m.Meanwhile, the minimum and
along Sarawak Kiri River is studied wh&sngoh Dam gates maximum stage levels at Git are found to be 5.895m and 8.30m
were opened and water level was released at fulewvel — respectively.Theseresults revealed thavater levelat upper
height (FH) and half water level height (HA¥ig. 7 and Fig8  reach ofSarawakRiver aresignificantly affected by number of
show the water level in Bengamd Git are constaudiue to the  gates and differdérconstant flow released from Bengoh Dam.
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Fig. 9 inc_iicates Ihetwater levelat Batu Kitang almost B. Sarawak RiveBarrage Gates in closed condition
constantstarting from I January Zogho to ésti]anuary 2000. The river stage when the Kuching Barrage Gates were
From 22%to 24" January 2000ral 29" to 31" January 2000,  ¢josedfor one month periodvith 4 different scenariogre
there are two spikes of water level. Meanwhile, water lavel presented in Fig2lto Fig. 19. Results show thalbng term
Batu Kawa and Satok arttuctuating and turbulence flows ¢joqyre of the barragegateswill restrict the water movement
were observedhroughout the month The height of aterto  o\ards the ocean most probably theiver water would be
be released and gates operation at dam siteoti@ffect the

unable to be dischargeahd retained. Ehce, the water level

river flow at downstream of Sarawak River basin as all th§yithin Sarawak Rivewill increasegraduallyto certain levehs
simulation graphs are overlapping each ofnefer to Fig. D

IO 1R roved by the simulation resultslowever, simulation resut
and 11). This might be due to the combination of constant f|0\l\}; y

g X ! Iso revealedthat the closre of Sarawak river barrage for
from Sarawak Kiri River with the rapid flow frorBaraw&

| v . - . January 2000 doasbhaveany significantimpact to the wate
Kanan River had minimized the impact of river flow behaviour|g\e| at Bengoh. The reason might backwater effecafter

due to gates operation and different height of water to bgjggyre of barrage gates is unreachable to Bestondue
released at dam site. to the long distance and highly elevated topography.

I I

—_ Batu Kawa
E
E’a 1 - -- Bengoh
E - Satok

10 ’/r \\ A N — — Git

N N | \ J\__\ ~ o ~NJ Batu Kitang
A r\‘/'\’j \\"\___Vr-..:/_\:___ﬂ'___’_\l }__—-:4_’7_ - \L/ ‘Ylli —
5 . — -3 s =
15312/]999 31/12/1999 5/1/2000 10/1/2000 15/1/2000 20/1/2000 25/1/2000 30/1/2000 4/2/2000
Time (Day)
Figurel2. River Stage versus time within SardeRiver under Scenario 1
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Figurel?. River Stage versus Time Biatu Kitangunder Scenario 4

Figurel8. River Stage versus Time at BataWaunder Scenario 4

Figure19. River Stage versus Time &atokunder Scenario 4

It can be concluded that thiver flow at Sarawak River up the dam is aboutlXays using January 2000 hydrological
will be affecteddue tothe construction of Bengoh Damsthe  data. Thus, when the dameservoiris empty, the river flov and
reservoir isfully filled with waterunder scenario,2he water water levelat Bengoh and Git (located at upper reaghare
behind the dam ¥ overflow the spillway staihg from 1%  very low. This is particularly constructive during wet season,
January2000 until 31* of January 2000. It ialsonoticed that  in which the reservoir helps to store water and prevent massive
the riverflow before Bengoh Dam construction is similar to theriver flow to the lower catchment whichmay cause flood.
flow simulationwhen the water behind the dam reservoir is fullAlso, Bengoh Danwill help to storeand supplythe waterto
(scenario 2 BKWTP during drought season in futurbleanwhile, water
level at lower reach such as Batu Kawa and Satok stations are
not much affected by scenario & some river flows from
Sarawak Kanamriverwill discharggowards lower catchment.

On the contraryasthe water behind the reservoir is @y
(scenario 3), it requires certaime to fill up the reservoir prior
releasing to downstreartt.was foundthe required time to fill
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