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N We are pleased to submit the report on the Perai Batrrage gate
‘.'*operatloh study we hope that this report will serve for the
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“3¢th promotion of frlendly relatlons between our two countries,
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:“5‘;Tho Sunga; Perai river is situated in the central part of Seberang

in fhe State of Pulau Pinang The Peral Barrage is locatd some

S ¥ km?from the river estudry and its praimary function is to prevent

:-f’ingression of saline water and to malntaln the water level of
~ﬁ*upstream f-a . : : :

i\fOVer the last few year, the State Drainage and Irrlgation Depertment -

““have made attempt to formulate gate operatlon procedure 8o as to

achive the prinary. function of maintainig a controlled water level

 3?upstream ‘The ‘attempts to close: the gates have result in the rising
“of the water level in- downstream ‘reach of the rlver, causing
Cvinundation in: lowlying areas ”here is thus a need to formulate the

ffprocedure of gate operatlon thiough the use of mathematlcal model of

‘ff’rlver behavxor

.fiThe lnundatlon originate in tho topographlc condltlon whlch the hlgh
“ tide 15 higher than the ground level of lowlying areas. As the
result. of 1nvestigation the collected data and the simulation, the

‘ -inundat;on was caused by the: abnormal ‘higher condition of tide which -

- occired before and after 17 May 1984;° and the. gate operation which
. made. the' perlod ot high water. became longer The water level of the .
o tide, however, i estimated nearly same a high tide whlch has a peak

'7-3Water level: of 1. 48 m-and occures a. few days in a year. When the

" operation is carried- out on & same order high tide, inundation will

:fﬂoccureh since the: elevation of lower areaiis about EL. 1.2 ~'1.3 m

L and the water_level near the downstream of the Barrage may be
'?over 1.48 m o . : : -

;ZFor Lhe safty and freely oporalion of the gatos, tho embankment
'Jshould be constracted to prevent 1nundation of downstream lowlying
area. On the" operatlon and maintenance, the’ gates should be renewed,

7 lsince the gate leaves were hardly damaged by corrosion: and the.

-_3;structure of gate requxres dellcate operation



:IHTéOﬁUCTION"'

:fttThis report presents the result of study and survey of the gate
: ":Qn of Prai Barrage The general map of study area ls.'

and the Barrage
The state Drainage and Irrigation

fh}tDepertment (D I D ) have made attempts to formulate gate operation
'*f;procedures as to aohive the primary function ‘of malntaining a

.Vhoontrolled water level. upstream in 1984. The attempt to close the
tigatés - have result in rislng the water Ievel in downstream reach of

'.ﬁ'the rlver, causing inundation lowlying areas

',,OWLng to the intensiive 1and use in recent veat, the damage .

"prorentlal Ls increaslng. ang- consequently,.the residents in these

rarea have objected strongly to further trial and ervor . attempts
.formulatlng the: gate operatlon procedures

"ﬂfThere is thus a. need to formulate such- procedures through the use of

meathematlcal modeling of river behavior D.1.D, didn’t have the
- necessary expertles to carry out this task Whlle DrI.D. has grouped-
'to perform the task the gates were damaged by”rust corrosionu

‘The Goverment of Japan was requested for the techn1cal assistance

”";;and expertles to carry. out the. study of Perai Barrage gate operation

:jby tho Goverment of Malay81a In respose. to the request, the JICA
,study team carrled out the study 1n January -March. and

'TudOotober December 1988

f~1he objeotlve of the study are L -

' “To analyze the unstedy rlow hydraulics of Sg Poral withln 1ts

. tidal reaches . using. mathmatical modelling approach.. _ :

-ETFerTo formulate gate operatlon procedures ‘for ‘the Perai Barrage s0 7
© Ui ashhbo mlnimise inundation both upstream and downstream "while
malntainlng a controlled Water level upstreanm, taklng into

D cons1deratlon dra1nage and irrigation requ1rements of affecte

d j]j agritulturural land.: :

".,3;,To propose other countermesures as are necessary, Lo mitigate

-rﬂﬁﬁl lnundation ‘of lowlylng area and_to keep . proper’ gate opration
L and malntenance Tl L el .
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IL General background



,JkeclamaLlon plan of " Sunqai Perai

Droposal 0 drain the. tidal swamp area was formulated under the

' fFive Year: Malayeia Plan(1966 1970} -The feasibility study on
:rainage and reclamation of . Sungal( Sg. ) Perai basin and the
d etail. design of Perai- Barrage had been performed under the tecnical
=g:aS$istance of the Japan Overseas Technical Cooperatlon Agency

;3The feasibility study and the detail deeign of Pral- Barrage were
‘ﬁcompleted under the technical. assistance of the Japan Overseas
__Technical Cooperatlon Ageney The constructlon of the Barrage
istarted in 1979, and. the Barrage structure was - completed in 1981
.rThe outllne OF " thls plan is as. follw1ng to :

._“l)vconstruct the tldal barrage, Pera1 Barrage
i.2) reclaim the tldel swamp area of 670 ha along Sg. Prai, -
-3) improve the drainage condition of paddy fleld of 1,900 ha and
.. coconut land OF 520 ha, =
-;,¥4},meound fresh water upstream of the Barrage for industry water
Uooosupply, oo :

. %) incorporate a: permanent brldge in barrage to replace ~ the

;nponroon brldge : o

3,2 2, Iocaion of Study area-_w" :

8¢ Feral river basin is. sxtuated in the central part of beberang
'TPraLL an the etate of. Pulau Pinang, north of Malaysia, "and. facing
“Penang Island Topoqraphy of ‘the area igs generally plain and '

ﬂrextending coaetward lowlylng 1nto western direction with mean -

f{gradient of ‘about 1: 4 000 frem the foot of mountain of. the éastern
-*area_:and it’ 1e eleped_eown toward_Sg Peral w1th_about 1: 5,000 o

f-2 3 Climate : : : : : :

,Vlhie area has a’ tropical cllmate with the temperature about 27 C .
;_throughout ‘the - year.: “Annual. ralnfall is” approxrmately 2,300 mm, B
“sliqhtly more . i September -Novémber and. April-May, and slightly less
f*ln December- March Atmospheric pressure-is ranged from 1,009 mb to
L Qll_mp_threugheut‘the year, - ‘which means little fluctuation. The
’-humidlty'rangee'from 60 to 80 petcent. There is no record of storm
ij1nd cauee serious damage Aceordlng to the record of Penang '
’_AlrporL the evaporatlon is 4 to & mm per day

o
1
0o



: Agriculure > ' : - '

“There s agricultural 1and mainly paddy fields in upstrcam and
_midqtream,area, ‘while inh lower reaches there are rubber and coconut
L &, CWith regard to the. rice in 1986, transplant of 866 ha and
harvesttng ‘of 152 ha on Junrcy, and trangplant of ‘1046 ha and -
harvesting of " 487 ha’ on February were performed in Sg Kulim
1rrigation gcheme ( K area ). :
However, ‘the conversion of crop from rice to other cash crops has
been planned in a part of K area

2 5 Industrlal areéa . . . :

Industrial area-. have been developed in lower reach of Sg. Perail of
rlgt bank area and swamp Land has been reclatmed covering in with
earth for lndustrial land . : :

e



I Sungai Perai and Prai Barrage B




- ungai Perai ( Perai Rivet )

;Sq Perai atarting from the' confluence of threa trlbutarles

Sg ulim, Sg Jarak and". Sg. Kerah orlginated from mountalns of the
: : flows 1nto the Straits of Malacca, meandering

areas duringahigh tide

*’ijg Perai river basin, inciudedlsg Kulim, Sg. Jarak and Sg.Kerah,

1ffﬁhas a total catchement aréa of 497 sq Ckm,

‘“fThe Survaying of river cross sectlons were carried out by D.I.b. 1in

":~“1987 ahd‘ 1988, The locations are shown in Fig.3-1-1. The cross

otions ot its and . longltudinal profile ara as shown in Fig.3-1-2

'-'Fand Fig: 3 L-=3,-width 1s 40 m at upgtream, 150 m at near the Barrage,

{ j;250 m at estuarv‘ and the water depth range from 3 to 8 m.

tfk} 2 Perai Barrage f-*f : : co
:7,“Pera1 Barrage was located somé 8 km from the river estuary The
clocation s pointed out as the charactarxstlc of thls tldal barrage

”'5fwhich is far from the estuary

| 5[n 1968 under the tecnical assistance of Japan Overseas Technlcal

nn.COOperatlon Agency,rthe detailed design of ‘Prail Barrage-was
_ ;completed The c0nstrUCtion started in. 1979 and the barrage
-:'_structure was completad in 1981 '

=iiﬂThe barraga body is made of the rainforced concrete, and its
;v:structure is shown in Fig. 3 1-4. The gate type is double btage
Taroller: gate to ragulate the water level on upstream and to prevent

-.tt1ntercept an ingressxon of saline Water The Spelelcation of the
‘mHJBarrage and 1ts gatas are as fOllOWS '

iy Wldth of Barrage | 62 2 mo S

. “Gate typa: Double. stage. roller. gate: S

o Number- of gate ) Four ( 4 )_gates
*WDmenaion of leaf: - Vo
R UPDer leaf WLdtn”ld.G”m,:;Height 2.

” 6
S a8 FEL ) (8.5 £t )
- ryLowar-Leaf,_;Wirbh 14.6 m, Helght 2.7 m
T T as e (9,0 £t )

© - Width patwaen:piefs' 13.7 m-
T TRERESELE )

f_There are factorles and residences ‘at downstream area of righL bank'
near the Barraga,-and these areas don’ t have embankment The lower .

-}'alevation of the areas which lnoundated on 14 May 1984 are -
CROLLG20~ 1 3me Ind this areas, according to the field

'invesLxgatlon oTi 16 Febrary 1988 when tide: table water level was
ROLCL 38 Lo an 1ngress Water flowed out from the drain ditch,

i.
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V. HYDROLOGICAL ANALYS!S ON S6.PERAI BASIN
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w“l characteristics on hydrology

- fLoc tlon nd.topoqraphy

45 i_bas;ngis locabed 5°l7’~5 33’°N latxtude and 100° 22‘ ~100%38"
'°E 1ongitude in- the'central part of Sebcrang Peral and has a total

5 rea“ot ‘approkinately -497.6 sq. ki The topography is
4flat and lowers coastward So, there eXl:t many meandors

s from the confluence of three blg ltlbutarlos, 59.
rak-and Sg Kreh thaL origlnate from fook Gt Che mountaLn'
. ‘state of. Kedah 1t flow° irto the Straits of Malacca,
';meanderingcsouthwesrerly The length of “the rlver ig about 20 km and
ean gradient of bed ts about 1 4 000 ' : :

*'Ablfor the topographxc map, the paddy area at the ‘both sides of 5g..
‘fPerai are put in order,_because the 1rrigation schemes nas been
-ﬁ:almost executed “However, hor coconuts: and. rubber fields as well as
x'swamp at both Sldes of Sg Perai the map are not availale. The bast 1
ol lrhree blg tributarles 5q. Kullm Jarak and Kerch is covered with
ﬁ{rubber, 011 palm and coconuts ‘flelds, so that its detailed  contour
f_'map are not available. But, ropoqraphlcal information on hydrotogy.

-can be roughly obtained with’ the maps of serles 16, 17,28 and 29 that
1."show SUNGAT - PFTANI KUALA KETIL PULAU PINANG & BUEPERWORT and KULIM
»_respectively w1th a scale of ] 63 360

‘u,The whole basin can be dxvided as’ shown in Fig 4- 1, “and the upqtream
area- of confluencc p01nt occupleo about 77 %. From this point, it lS
'fzobvlouo that ralnfall on tho ba51n of three trxbutatleb has a great
,*;effcct on’ the dxscharge of Sg Pcral : : : :

?ﬁ,Slnce flow capaclty of rLVers is relatlvely at a 1050 poor dralnage
*csometrmes causes: ‘trouble. But ‘From. ‘another: p01nt Of:view, its @ -
"~situation has, prevented the concentration of dralnage damage from
'”-the particular area EDR :

’_;4 l 2 Cllmate S ' - : e :
w,ThiS ared ha; d LlUp1Cdl cllmate buL not belonglng Lo Lfoplcal

. on-area. The mean air temperature isabout 27.5°C throughout

. ear.-rhe annual MEAN ralnfall is about 2, 400 am. There.is a
_,llttlc dlstinctxon beLwcen dry and. rainy season. Judging from the.
“rainfall: record, it can be. said that periods from December to- March’

jj3and from June to July are dty season -and” perlod from SepLember Lo
o;November is ralny -season. Ag: for April and May, amount of rainfail

fW*is reiatlveiy abova thc avotage _whereas LhaL ot August is bclow Lhe

‘:‘-.aVGrage S . . . . ) : .

i_The 1nformat1on of cllmaLo on hydrology is observed and recordod by
f;-geveral agencies including D, T D, and published as following book¢

~(a)Malayslan Meteoloq1cal survice; Agrometeoroglcal Bulletin
ﬁ_%(b}D T D. Miniery of AgriculLure Malaysia Hydrological DaLa
'VfRatnfall and Fvaporatlon Record for. Malaysxa

rf=Based on book(a) raxnfall mean'air temperaLure,'mean sunshine hour
-uand mcan evaporatlon in Penlnsular Malayqla are observed at the '

=3



annual alr Lemperature is about 27 5 C. It'ha% 1itt1e
‘ fluctuatlon among months but generally high during the
periodvfrom February to June :

5h?-0n thevother hand fluctuatlon in & day is: rather largc withln the
3ﬂfrange oE 20~36°L It hardly falls down below 20 C. :

: (2) Mean atmospherlc pres SUre. SRR -
o Moan aLmospheric prGSqure is w1th1n the range from L, 006 mb Lo 1. 01?'
‘“mb thcoughout the year and 1L has 11tt18 fluctuation

 (3) Mean relatlve humldlty : z
39 Mean relatlve humidlty is almost more than 80%

‘_'(4) Mean wind speed R R

ﬁj;The mean wind ‘speed.. Ln a. day i approx1mately 2 mlqec on an average.
et almost shows a sLate of calm because the atomoqpherlc pressure
-_gdoes not vary so much R ' - - . -

;g(5) Mean sunshine hour - : - :
_ CThe” moan monthly sunohlne hour in a day chanqes withln the range of
'd%lofhours It 1s'larger ln dry season and shotter 1n ralny season.

'*}16)mRa1nfa11 : UL S I SRR S
F%fC“afaCtGFIStlcs of ralnfall 1s dLSCrlbed ‘in ‘detail inh the section

.hg(?. FvaporaL1on B e Tl ' ' a
?:@Evaporatlon per day has | monthly flucnadtlon w1th1n tive range of 3 7-_”
commrday, Tt 18 larger: inthe period trom: thuary to- April. o
[}VEvapoLransplratlon ds considered ‘to be ). 1~15 ‘times larqer than -
iﬁ*evaporation owlng Lo Lhe plantlng stage of crops and sunshlne

-
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e ﬁrlend use end &grlculture

‘8g.Peral: besin has. been_progressively developed
30. yeare not only by the development of land .
_also by the development of - dralnage and irEigetion
-&nd= midstream arees of 3¢ Perai have extensive.
alhly: paddy: field and downstream area is covered
oconuts Estates along the Llndustrial and
ﬁGenerally.unutilized land: reeouces do not exist

Tp thet ere covered w1th ntpahe and mangroves

j nrand downstream of tributaries paddy fields spread

both' gides of- Fivers with a:small scale..Outside of the

e rubber and ofl pelm Upetream of Sg Kulim is covered
nd 011 palm Estates : :

ent location of paddy fleld was drawn by D I D and shown in Fig.
‘ f,Detatled sxtuatien of present land use {s partly shown on the.

i ‘map,of Filgid~5¢ Agrleulture Master. Plen of Penang has a plan of

. conversion fromn. rice to: other’ profitable crops; for example
”n;*pxneapples banenas malze vegetables sorhum,cocoa and SO on.

_,fNuIn th;s area, the programmlng of agricultural development is
fiﬁconsidered with every un1t of irrigation scheme shown in Flg 4- 6

__ff;Water is severely 'Imited and haS llttle control in off ~geason,
.'ﬂ,,Séberang Perai s almost entlrely depend for its water resources on
'”,_riVeCS_WLth catchmente withln the state of Kedah whlch borders

"“plyxng much of Penang s domestic and indUStrlal_;
nd. is Sg,

'ﬁLfEeltho gh: supely is: Lnadequate have much smaller catchments in the
~hiltls ees of“Penang is the Kulim dlStriGt of Kedah Theee

ijc ordlng to the ‘UPGRADlNG OF IRRIGATION & DRAINAGL SCHEMES N

R - PULAU PINANG : VOLUME III’ , water -
',hgrequirements of each crop and irrlgatlon requlrements had been- '
_‘gfexamlned a8 shOWn 1n Tables 4~ 3~4 $-.and Figs: 4 ~elhi- 9 end they.
,gg;concluded as rollows within: some . assumptlons
'_;gﬂThe double- cropping of rice can: be achieved throughout nearly all ef
gﬁthe irrigation schemes and it Ls not necessary therefore to: considet
. 7in-detail alternative cropping programes that might be introduced on
-;gfga llmlted area, because bthe both peak and kotal water requivements -
‘@Aeof rice are thher than any’ other crops tonsideted For: instance Lhe.
'E;propOSed erea of vegetable preductlon could be substantlally

j;uejncreased in. responne to market demands w1thout 1ncreae1ng
;,tlrrLQation demands.'--'(f‘-



d on‘the asseeement of water requirement
5 erived from crop coefflcient as uhown

- (a-1y
,ive use of crop evapotranspllation o
afficiént appropriate to the stage 6f growth
rater-sutface’ evaporation and grass

3 splretlon‘z_ s e

in future:
g.Kulim
are supplied
% of the
- in Sg. Kullm,
S to be
gf-transferred from Sg Muda for the schemes so connected In the
F”fl 1n~5 yearﬁcaSe there is adequate available total Flow in the three .
e to méet: total demands during the ten months from May to
'fTFebruaryb although for part of this tlme water would need to be
i transferred from Sg Muda Therefore Lhere are no supply restrictions
. om ‘the 'main crop on: any. of these bchemes However durlng March and -
}ﬁ)Aprll ehortage will occur L o

]YBut undergthe present situatlon oﬁ agriculture and land use, as
. watet. 1s:inot ‘enough;’ .86 - ‘that planting schedule and - d15tr1but1on of _
ewater are declded by the meeting thh farmere ' - '

__Q-The most,significant tOplCS for land use on hydrology is urban
'“;develepment STheé conver51on of foresteo er tree-cropped areas to
'~;]urban or: industrial usé will have a major.-impact on the total
ejquantity and " the-characterlstlcs of runcff. The main 1anUPnce of
L ibhes destruction of. vegetative ¢ovéer or the- constructlon of -
‘E_impermeable ‘surfacesis to decreese the retentlon capac1ty of the
iocatehment. Therefore EolloWLng changes can be expected as-a resultg
. ofiyrban development S
gif(l)the increase ini the frequency and magnltude of flood dlscharge
~j(2)the reduction of base”flow ;uﬁ;;, . :

ifIhe pxogremming of urban'expan31on 1s designed ln E1g 4 ll




Drainage:and‘irrlgaticn &ystem
mportant to establish dralnage and irrigation system for
develobment. | peciallv. the .drainage condition in this

L Th i1 a 'drainage canai in this basin But the
tﬁdrainaqe iS;Qeneraily ‘poor because thie basin has an extremely gentle
.- vt 3 . In such a
dition; - At the
et dencee and factories,the existing ground is obliged to be

: d. Up more than 0. 6 meter by filling land, At the rubber and
iﬂboconut-estates,¢the owners .are trying to improve the drainage by

- Means. of Drov1ding bunds drains and tidal gates .

=JSince a plot to plot irrigation has been adopted in the paddy field,
ljthere are few drains -and- they form a style of plot-to- -plot. drainage.
:;The drainage. biocks are bounded by irrigatlion.canals ot roads in
“owWhich main.drains. exist in-a. natural condition and each’ of them is
f'connected with Sg Perai : : :

iiIn‘the v1c1nity of the piace where three meandering tributariec of
T’Sg Perai meet, there .are-a ot of- small streams, €dch of which forms
ftthe drainage biock However ”this ‘area is very. flat as a whole so

-~ that: when storm and hlgh tide came. tegethei,-the paddy Fiéeld would
Sget’ into temporary flood “and- drainage systems could not be -
-;3ust1fied There are a: lot ‘oF., rubber estates. In this. area with.a
f,comp[ete dralnage Canai which ig connected w1th Sg Perai at the end,
- whet the%barrage“was iocated‘_,,~*v-- - -

L InSgsPerai- basxn no’ drainage scheme has been taken up. except smali
-jscaied schemes executed privateiy by the ‘agtate ‘owners and others.
,jRecently, DI Df is planning to.- merove the drainage condition in
rfthe upstream of Sg Perai by gate operation at barrage _keeping ‘the
i-water’levei equal to be 0 3 meter above sea Ievel R 3 '

:fAccording to the assessment of adequacy Of existinq internai
-”dtainage system presented by D.Ts D.las bg Perai drainage and
_;reclamation works the 5 year T2 hour storm is: used ‘as the ‘design’
cstorm. It .shows that: design stcrm volume and specific storm-
Z;dischar'e_arefrepresented by, eqi (4 2) and (4-3) respectively

“design storm yolume. = ixA*10:-. euim) o S (4=2) _
.specific’ discharge #-1*10/( 2*36) (cu m!secisq km) ' . {4-3) -
_Here A rstorm rainfail(l?o mmy g e e .

< s A ncatehment ‘aredi of feach river (ha) L :
._rheretore.specific discharge for desiqn storm ls eonsidered 0 656 cu;
?ﬂmlseclsqgkm;”---u B T _ _ '

_?For each river,‘the equivaient cross sectional area and wetted .
-perimeter at -bank-full stage were determined, and- the average . bed
]slopc for the respective river stretch was estimated Using



peoially important_when the rlver is influenced by water
:nstream or. tide . R _

i ) between crops other than rice and dralnage is mentioned
by; DlI Dp_Manual as follows '

The crops’ to be protocted are Qenerally coconuts and rubber for
mwhlch it s assumed that the ground surface may be inundated

'

uakoccasionally for. periods up.to 72 Rours. As for “the field crops,

,,ZEXampla malae the duratxon of floodlng 1s allowed less than 24
chewrs, L D) _ ‘

for

';gﬁAs.for.the utlllzatlon of rlver Water, the upstream tr1butar1es,
;?.receiVLng no. tidal effect are used for’ 1rrigation ‘and municipal
;:-water supply On the other hand the mid -and downstream areas of Sg.

*;’fPerai depend on natural ralnfall and art1f1c1a1 1rrlgat10n systems.

Sy Amount of 1rrigat10n water’Ls not suffic1ent in both areas.

_.slThe mala canal for 1rrigat10n 1s made by earth llning and termlnal
__Txfacllltles'are used both for dralhage and: 1rrlgatlon Generally the
:;flrrlgatl;n‘systems are‘more systematic and clear than the draxnage

e ‘?_19 4'6”;5 the systems of dralnage and irrigation.
“lﬂOut of many schemes,-'Kl‘ area which is one of the Sg Kulim scheme -
owas; chosen and investigated to understand representative. 51tuation

i,xlof dralnage and lr*Lgatl‘n s"tem by the collaooratlon with D. I.D.

o Fig 4 l? shows the chain of 1rr1gatlon canals and dralns and.“'
I-Tilocations of " Sg Kulin headworks and. termlnal facilltles to 1ntake
't}ﬁwater Intake discharge from Sg Kullm headworks to main irrlgatlcn
U canal’ is apout 2,12 ¢u, m!sec ‘Although the canal from Sg.Muda which
..fjgradient 1§ reverse has been completed,. sufficient water supply can
:ﬂjfnot be expected, because upstream shemes have a priority

'7§Ma1n irrigation canal is. made by earth llnlng and sometlmes crosses
.+ ~the drains by syphon which originate from estate flelds The -
_'f]termlnal facilies-are. contioled. by D.I.D. based on the regulation
o wiEh farmers Almost all area -of ‘KL’ are- lrrigated ‘through Sg.¥Xulinm
_-'headworks, but gome are: dlrectly irrlgated by the pumped up water .
"‘:from Sg Kullm ' i . e g

'[Drainage water from eaoh paddy fidla 1ot usually flows through the

"]another loL this system sometimes called plot to -plot- dralnage, and
jmeeLs Logether bo reach Sg Kullm or Sg Peral L '

4;?_  :



OUbline_of respective 1rrlgation sheme are as fOllOWb

under whom an adequate improvement for them will

ﬁﬂfﬂIn‘the Southefﬂ.Pﬂft of S4. Perai the paddy field is erlgated in
g 'vity'flow f?om the Sg Kulim headworks

:{fSince the above headworks was constructed over 50 years ago, this ‘
Qjcapacity 1s unable Lo meet an expanding ‘tendency of double- cropplng -

7:11n recent years According to the Pinang ‘Tunggal Pumping Scheme by

’CHENDERAMATA JABATAN PARIT DAN TAIAYER PULAU PINANG' the plan is

~.;pr0ceeding to 1ncrease the 2 83 cu m!sec capaclty to 4.25 cu.m/seq,
‘,nfor whxch an addtional supply is to .-be made avallable by pumplng up
-at’ the’ Pinang Tunggal station.: By the implementation of this plan '

- the irFigation gource would have some potential. Also, the

”fenlargement of the irrlgation canals is: planned for increasing

’[Z;demand

.:f13) J area;}]7i:5 : |
- The’ area surrounded by the water distrlcts of 5g. Muda and Sg. Kulxm

15 irrigated from' Sg. Jarak. Since droughty discharge of Sg.Jarak is
Jooinsufficient having only 0.9 cu.m/sec, the additional supplY is

“ffconducted from the Pinang Tunggal statlon through Sg. Kreh

~-%4) other area i T T '
_“ A1most allof. other area is dependlng on natural ralnfall and
_,HUncontrolled natural river. There are no need to. 1rrlgate for -
'"*jrubber 011 palm and coconuts ﬁields .



_ putpose of ﬂﬁleis is to ebtimate both ordinary discharge and
0 aischarge. 50

CUNOEE. wera clarified The records of water 1eve1 at ARA KUDA :
_.ion were udged- for the both estimations of. ordinary discharge and-‘
ydrograph in: case O f flood againat the designod probable dally
ra nfail bocadse Q~H curvo was available there. Ahalyzed

n _sions wére: given as spsclfic discharge for the followlng
nvenienCar based on the assumption that the catchment is of
imilar nature to most of tha others : :

7fa4The obtained vaiues will glve the boundary conoitions of discharge
ke the hydrauvlic: anaiysis that is’ rolated in next chapter
'Q*‘Conoaputuai chart of drainage was. drawn in Fig 4-13.

f¢’4 e 2 Collected and avaiiable data o -
'”Coliectad and available ‘data used in thls ana1y81s is a8 follows:
. ‘(l Genarai information of climato that is aiready uhown in Table

*~34 1 Tabla 4 2 Pig 4 2 and Flg 4 3o

;:5(2) RLVer gauging reCOrds at ARA KUDA station which show the
V.greiation between discharge(Q) and water level(H) o
~7**(38 times data from 20 Apr 1987 to 22 Feb 1988}

j;ff(3) Houriy record of water level at ARA KUDA station
‘ (10 years’ rocord frOm 1978 to 1987)

g*(4) Rainfail T T T e T LT 2
_;fThereraro”many rainfail_gaUQing"stationS"in and in the vicinity of
rTng Perai:-basin as shown in Fig.4-14. The mark: which indicates :
o respectlve raihfail gauglng statxon is the same as that used in the
CSFIS report . in 1968 -The. period and method of obsorvation are not
- ,uniform as shown in Tabie 4 6 " ‘ :

,f}All of observatlons except the Lahar Ikan Mati(mark A) is made for .
7ﬂfdaily rainfall;  and the totgl amount of ‘daily rainfall from 8:00 a.
S yesterday to ‘8700 aiii today is recorded as the rainfall on that

~ oo day, 8o, time~ intenaity pattern can. not .be clear, Thererore for -
:Q?studying ‘time~intensity patterns for the déslgned probable rainfall,
~. -the data" obtalned by automatic rain gauges(dally w1nding type} of
'quahar Ikan Matl wili be usod

ff-f(5) Map ' 1 « - =
" a) Locations of rainfail and water ievel gauging statlons
b) Topographical map that is already related in 4-1-1




‘Charaoterlstics‘ of rainfall and runoff |

LU Inbrdéri s estimate the mean ennual ralnfall on Sg Perai: bac"m, the

'*?.'_f;Thle%se_ns method was: adopted Table 4-8 ‘indicates the ratio{Ai’ 3

hiessens triangle area’ occupied By each atlon Based on

-*"_:‘:'::Table 4 75 mean annual ralnfall. was estimated 2371 7 ma.

E As for the monthly rainfall period from September to November has
U much rain enough: to be called rainy season. On the other hand,
jperiods from December to March and " fron June to July have less rain
.. than average -But; it ‘can not: be said that there is clear :

distinction between ramy and dry seasons, comparing from the

o -‘L-tr‘opical moneoon area o =

2 Correlation of tainfall accordmg to pleces

one. of ‘the: charecterlstics of. rainfall in‘this aréa is that its -
duration time B relatwely short especially during the daytlme,

" and it°ist mited only within loeal area. So, correlation of daily .
: _‘ramfall among ralnfall gaugmg Stations is very low as shown in
"'.Tables 4*9*«11 even in case that dlstance batween two statlons is

not: so far. ‘As for, the cerrelatlons of " monthly raintall, .
) coefficients shown ln Table dui 12 are almost more than .1, and some

of them exceed ‘0, 85. They have a tendency to be higher in case that

the two statlons are nearer AR L

'__?_':Table 4 13 provides the mexlmum dally rainfall in" each year from
1960 to 1966 and the simultaneous fainfall at” the other stations.

: Table:4-14" prowdes the. da;l*,g ralnfall ‘of more than 100 mm at one of -
S ahy SLations and’ the’ simultaneeus ralnfall at the other stations
S mthm the period of 1980~198) 2 _

These tables mean that when 1t rame considerably much for example

: _more. than 100 mmfdey, : total amount of ralnfall is relatively similar
" within the whole: basin’ of Sg. Péral, ‘although. there are many .

-_-‘exeeptwns which indicate that even the mtense rainfall has & great :
variance. S e : : . _

'3 Correlogram :

- ;"_.'To exanine  the- Stetibtlcal lndependency of rainfall sequence, -

L autocorrelation coefflclente R(c} can” be employed Detall theory end
"__.-_equations are described m Annexj A J_ : :

- ) The autocorrelatlon diagram can be drawn to faczlitate the analysis
- of structure of time seriey, with R(T) as the ordinate and T as

abec.lssa.. ThlS graphical representation ls called a correlogram
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an _Y_l '_‘sr.; using 'dej,l_y ralnfall and dlscharge the actual

;','Total catchment area at ARA Kupa is 139,13 sq, km, representing about
: Lhe_catchment at "84q. Kuhm headworks Schematlc figure and
.ograph’ of  ARA KUDA' water level ‘gauging’ point is shown in Fig.
SR f4~26 F;g‘4 2? shows the fluetuation of water level from 1978 to

i '_The Q(disc:harge)~H(water level) rurve drawn in Fig 4-28 Was obtained :
--;‘:by a least squares method using 38 times’ observations of discharge
- lfrom 20 Apr 1987 to 22 Feb 1988 and the relation between Q and H was
"Eshown In eq. (4-4)s ' SRR o o
i Q={1 5535*(H =5, 4864)+0 3118} _-" R _‘ I '_ - _ {4- 4)
o Here Qdischarge (cu m/sec) R R P o
Hwater 1evel (m)

A Although there are 11tt1e data of dlscharge in “high water level eq
o (4-4) s used to estinate disCharge from water-level in this: _
‘anelysis‘ Flg.4-29 represents the: fluctuation of discharge from 1978
S hto 198‘(_ The diescharge was. converted ‘from the water level record at

12100 a.m..  Annéx A-5 shows the. respective annual fluctuation of

: -"_dlscharge u.t of last 0 yeers hourly record last 7 vears' record

; :'from 1981 to” 1987 was used ‘in t‘nis TUnoff analy31s, -because daily.
rainfall recorde observed within above perlod were: avallable

_'? l‘he theory and._applicatlon of linear multlple regression model are.
S deecribed in JAnnex’ A-1. The. data ‘of ‘daily rainfall‘used in “this
.u_.:j;'analyms was derived from eq {4-5 )- because it could not be possible ‘

: to (,ollect the ‘data’ 1n the upstream of Sg Kulim o

' Yu.) _ RLM}? Rphh?gu»ﬂ*&-ﬂ!&-l) » d
f- (Rx K + RN V:«: : I 235
e T (Rﬁan‘tﬁt'ﬂl? +R’g )/‘i'- :
R Here, Yc») daily rainfall used ‘1n this runoff analysm
: R(I,} dai},y rainfall in each gauging station. - o -
R“ smean annual 1ainfa11 1n each gauging station obtamed from '
'”'lable At o
R -Following to eq (4 o) the estimated annual ramfall became 2672 8
I P : _

i By ealculations using computer(FACOM M340 in National Res earcn
-Instltute of Agricuturai Engineering. Japan), concmsions were

|
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oil palm, so that runoff from these areas. _
a tew beCause they have muc:h effect of water

B Fellowing” flgures drawn 1n Figs 4 3l~37 show the annual comparison

# belween -actual discharge observed at ARA KUDA point and estimated
: c"fdiacharge Dy linear multiple regressmn model “with F.M.D. (fixed

CUmAXinum discharge) ‘equal to be 30:cu:m/sec. In each above figure,

;'_-:_V_the ‘thick ‘s0lid-line represents the former and the dotted line

represents the ‘latter. The point is record of daily rainfall. All

;’_three values actual discharge, estimated dischdarge and daily
~rainfall, ‘weie represented. with the same unit of mm/day, by -

3_:_ fconvertlng t'.he unit of dlscharge ¢y, m/sec to mm/day. 50, “ratio of
'"_}idischarge to rainfall indicates rhe ratio of runoff

5 Probable daily rainfall e
e ,f:I‘he fi,rst <‘i:.epn for: the flood est.tmatien ls to’ obtam the probable
' "-i_":.daily rainfallf In: this analysm. Iwai Kadeyas method was adopted

'whlc:h is. widely used in Japan 'I‘he t:heory of anaiysis is descnbed '

Cdnl AndeX A2
“using all the: data of: maxmum dally ramfall in each year shown in

Table 4 16 the probable ral.nfalls in varlous teturn.perids obtained

.. by this method werée given in Table 4-17. The values within. () are

'"-"-';_doubt:‘ 1, because the ﬁumber of data 1s at a 10 SR

""‘:?-_:'As for the probable 1ainfall on whole basin, arithmet:.c .mean of C B,

UF,G-H T, 3-K/L, M, N, P and R stations ‘was calCulated out of Table 4-17,
‘and arranged in.Table’ 4-18, because above stations’ are in the
. ‘catchmient of Sg.Perai, 'I‘able 4-18 indicates that the probable daily

_!ramfa s of 5,10, 20 and 40 years return period are 127 3 142 5,

B :157 0 ’and 171 [ mmiday reepectively

e 16 '_Z:Time-mtenszrty pattern for probable dally ralnfall

LU No o houbly record. of cralnfall is. available in Sg.Perai’ basin, ) the- o
L record of Labar-Ikan, Mati{a) was uged. to analyz:e the characterlqtiee |
S of :rainfall intenslty : e T e L

“"f"-out- of - records, 20 series of intense ramfalls were abstracted as -

" “shown in Flg.4-38, which had more than "0 mm in a single duration.

f'..;"lhese rainfalds.. may be clssified into’ two’ c,ategories (the 11 ° ‘
""'short—duration type at.about. 10 hours and (2}the 9 long- ~duration .

77 kype abt - the. rangs: ‘of: 20-30. hours. By -observing the ‘rainfall
" ¢ distribution for. the latter type, thére are 6 cases of 2 peaks type
. and 3.-cases of 3. peaks type Considering ‘the latter 2 peaks. for the

S 3 peaks t:ype tO ba Qne poak, these are . Lrans[ormed into 2 peaks _
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__uration for the first’. peak g about 6 hours and the _
_.ab_out 1 hom:s, and ‘the: rainfall ratio for the first

{4-6)
: _H. :averrage rainfall intensity 1n mmfhr :
. n jeonstant ok | o
. 'a sgonstant . S S |
et as Rffz'i" and n=l-k, where Ke is the vainfall in T hours .-
o _duration and- K. consLanb Then, the above formula may be ertten as |
'1neq(47 SR R . g
” Cen

‘-.-:‘Here,‘ R_‘. is thle'ramfall' in’ 5. hours durat:ion The result of
e rcalculatmg X was ‘given: An Flg 4-39" and £ 1S an index to exp
reqs the time dlstributlon of ’che rainfail

f.’l‘he mean x value is 1/4 22(n~0. 763} for the short-duration- type 1.
LA 25 {n=0. 555) for the'long duratlon type Above mentlons were arranged
1n‘Table 4- 19 e ST L e

_:The .designeq daily ramfall is. to be divided by 24 hours by usmg eq.
o (aaT) Table. 4-20 exprésses the ratio -of RE agalnst - RT , which was
_already amended by taking . the: duration time into -account.
.-;':'Tlme 1ntensity pattern fot probable dally rainfall Ry  can be
'-"r..'-}j_derwed by multiplinq RT by the rat,m 1n Table 4 20 -

? Base flow and acr'umulated 1nit1al 1oss of rainfall in case of.
._'='-f1c>od D _

s In reuewing the. flood data the discharge does not: increase - _
'instantaneouesky when there is rainfall on. basin. It usually takes . a
"j-‘certain Qu,ration of rainfall and a certain amount of accumulated
"-i‘“':-:rainfall before.- the dxschdrge increases strictly. Inlt,1a1 loss. of
Ll rainfall is consldered to depend on the retention in the basin.
<" 'Thersfors,  the' Index’ factor  called accumulated initial loss of .

| ralnfall, is adoptad to estimate the effectlve rainfall

. Hourly effective ralnfall ls calcul,ated by obtaimng the accumulated
' losg. of rainfall-from the difforence between accunulated ramfall
7. and” accumulated ‘effective rainfall.’ By considering the discharge Qe
- ~that.is larger than base flow; accumulated effetwe ramrall is

. represented a-a- shown in eq (4 8)
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IR =(30 WAL e | o).
Here; Q{g 15 'a_rge that are obtamad by subetractlng the base Elow

,At time 1ncrement ‘
ZRe accumuleted effective ralnfall :
represents the direct runoff Accumulated loss of rainrall is

{4-9)

: ;-»flow ls consldered to be a constant discharge before the .
__,ramfall Above mentlons are. shown An Flg 4 40 ' '

E . The mlnlmum discharge out of 10 days discharge before the mtensive'
_ .reinfall was! adopted as base flow in thls analysls : :

Armex A 6 s'howe the ralnfalls selected and used in thls analyels

"_Selectlon was dohé’ by the criteria that any. of dailv rainfall

. ‘records at. L, P, R and G-H exceeded 100 min.. Annex A-7 shows not only

© - the! fluctuation of observed ‘discharge at ARA KUDA and obtained base
; ',}flow, ‘but; also. the period . that is. used to” caluculate the accumulated -
i _effecthe rainfall DeCJ.S!.Ol‘l Of: period was done by the Judgement
.- based on: previous experience “of. analysis, because detall hourly
recorde of rainfall could not be collected ) :

"fBased cn above Drocedure each serles of ramfall were analyzed and
<0 the relations betWeen accumulated rainfall and accumulated loss of
e painfall were arranged in: Table 4-21. The base flow fluctuated
_ "wlthin the ‘range. from. .0.7- to 4.2 "cu. m/sec, Monthly change indicates
p .,_;.;that lt is generally larger in ramy season as shown in Fig. 4~ 41

' -";;;Moreover. the relatlon between accumulated ralnfall and accumulated
. logs of ramfall shown in Flg A= 4? mdlcates that almost more than
T % of ralnfall 1-5* lcst even when accumulated ramfall exceeds 100

YRV



E&t 'ation of ordlnarv diqcharge o

ion - ‘of . ordinary ‘dlgcharge wag-doéne by three methods Two of
: 3 é'_ bazed on Sinple calculatione using the records of water
]Level at--;ARA KUDA “The ‘other is based on the coclusions obtalned by
‘Ithear nujtiple regression model. As the definition of ordinary

; e at*ge is not clear, several soncepts are introduced '

E ‘.'__"(l)[)ischarge based 20 mean water level : - _ -

s Mean: water leve)l at ARA KUDA for 10 years from 1978 to 1987 was 6.
,’ f“lASI mo I 1s easily converted ‘to. the' digcharge by Q~H curve shown in
S egolds 4), “and ‘1t becomes '1.83 ‘cu.m/se¢. Therefore, specific :
‘discharge s estimated to be 0, 013 cu mlsec!sq km, " because the
-Catchment area is 139 13 sc; km ' _ _ 5

--':'(2) Dlscharge based on most frequent water 1eve1
R Frequency of water ‘level at ARA KUDA for 10 years within the period
L ebove mentloned Was arranged m Table 4 22 and Flg 4 43

g ._-They 1ndlcate t‘hat most frequent water level is -6.00% m, whlch value
s -;lb converted to 0. 009 cu m/sec!sq km :-‘ :

P {3) Dlscharge based on base flow and ratio of runocff
o thig disc,harge is based on the conclusions of analysis with linear
multile regressmn model Consmering that ordinary discharge
<. ¢onsists of both base flow and runoff by mean annual rainfall, .the
discharge is reptesented as shown 1n eq {4~ 10) It differs owing to
AR Qrb . aRr 4 b*Qb!A T SR o (4-10)
‘Here, Qrb: speciflc ordinary dlscharge (cu misecfsq km)
' rratio . of ‘runoff shown in Table 4- 15 (%)
Qb base flow ‘shown in: Table 4-15 - {cu mlsec)
“AGatchment area (139 13 sq. km}
a,bconstans{refer to ed. (4- =5}} .

s angneantx 10 '
_1-0 000752 (w 365WW)

b0887 ‘(u:_-ka'l‘l? )
S -. 2{;72.\ e
' '-Following i:o eq (4 10) the discharge fluctuated as follows
: b M D. (cu mlsec) : QIb((‘U mf‘sec!sq km) o
0,013
U0/016 0

0,007

1 0.018"

0,018
SR 3 018"*"'

AN o
OO O N s
Z_C:,'O'. ce ©.°

B __i'In thls study,o 013 Cu, mlseclsq km L, adopted as ordmary discharge.
-*'_It means the dls(,harge et the barrege to be about 5 85 Cu; m/sec-
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‘E‘?Stimation of hydrograph under probable daxly rainfall o
smabic Wave“ method was adopted to estimate the hydrograph under -

_method cleals with the flow as non~1inear phenonena which hava
X roceaees,_as shown  in, Fig. 4-44, The former is the runoff on
' ‘radient slope,; while the latter' 1s ‘the flow in river or

,-Calculation using computer, _ both' effecttue rainfall and
Furthermore the parameter N called

:‘_"'-""f:aetual and cal,culated hydrographs o

f"éAs t‘or the caluculatmn of. hotrly effectlve ramfall agamst the
_ '}”.probable daily rainfall the new parameter Rimax which represente
e Ui maximum - accunulated: loss of rainfall is introduced. It indicates
e the boundary of accumulated rainfall -and the accumulated rainfall
R .which ‘exceads fts value' is all accounted as. effective rainfall. In
""?_thls analyais, thtee values;100, 150 “and 200 mm, -are prepared as
L, _leax. juclgmg from the conclusmns derlved Erom Flg 4- 42

,_--é-;'Relation between accumulated ramfall and accumulated loss of
f’_:_tamfall is shown 1n Fig 4 45 and eq (4 11)

(leax*loo) LT {a-11).
CERg=(L 0 - 0 OOZS*ER)* ZR (o<zR<leax) o S

ZRQ = leax P A (leax«(zlﬁ) _

: _'0: 0016?* zm)t ‘ZR (og S RMRmax)
‘ . e 4-’(31ma‘x< ZR)

(leax-zoo) L ' e
ZRE (l 0 - 0 00125* R)* 2 R (0( ZR(leax)
: et - (leax< A R}

_-Basin“model“was mughly assumed as shown in Fig: 4 46 from Lhe ‘ :
A, .topographical information m the up*and mdstroam of Sg Kullm basm o

_;;Caluculationa Were executed against 72 cases which were due to two - .
i kypes of. timewintensity pattern, four types of return period, three
‘_,_;“-types of Rlmax and three typee of equivalent roughness coefficient N
o that were 0.7, '1.0-and 1.5 , A8 for Lthe base flow, the value of 0.03
,’cu mlsec/sq km was used in whole cases,. which is' derived from Fxg :

Conclusmns are atranged 1n Figs 4 47~70 and in Annex A-8 as

. -".digltai values Thé values are shown, as the specific discharge with
‘_"a Anit of cu. mfseclha They. 1nd1cate that’ the peak diseharge and "
- _timc lag change according to leax and N. ‘

t_ 4-16.



:ThevperaMeters of leax ana H should be determined by the

using the actual
study, as. the record of the actual
, ”rainfall cculd not be collected only the tendency of

raph was dlSCUSSed :

nand,; actual dlscharge fluctuated as shown in Annex A-17,
annual maxlmum dxscharge and return period of peak discharge’
ranged in Table 4~ 23 and: Table 4~ 24 respectively, although
L C arge more than 25. 5" ¢u. mlsec or 0,0018 cu.m/sec/ha were not
.“f;ﬁqure becaueé the’ crcse sectional adrea- of flow. changes rapidly at

"*_this level a5 shown in Filg.d4- 26 and the relation between water level
‘ 1“gand dlscharge did not observed at such a high water level as shown
o 11n Fig;4‘28 Lo : ; . :

iha:d;

'\.

-}‘The efofe by the integrated dlscu551on and judgement following
__-cases are turned in as the*boundary condition of hydraulic analy51s
-.Fe;that 1e related 1n next chepter - : :

R Return period L
SN 1/10 1120 0 0 1740

S L0 Rimax=l50 180 - 150 o
S (Pig. 4 63) (Flg 4 - 66) {Fig. 4-69) _ .
30;7c,-__ o ase 100 -

- - K (Rig. 4~ 66} (Flg 4-68)
(Long duration type of relnfall was Selected
for ttme 1nten51ty pattern}

;”1he hydrographs using N equal to be 1 0 are w1Lh1n the range ot
;jc;expectatlon under the existlng state of land use and drainage
'@_system The peak discharge at’ barrage will be about 120 cu.m/sec in’
Locase that once a 10 years return’ perlod of probable ra1nfall should
'f'cccure on whole basin uniformly : :

.The hydrographe ueing N equal to bc O 7 are Cases ccnSLdering the
‘;gdevelopment in future, and in: the nost dangeous case;once.a 40 years
T return pertod; 100 mm oF . leax ‘and. 0. 7 of N the peak dlscharge at-
ngarrage would exceed 550 cu mlsec : .

VThe more accurate analys1s wculd be done. not only by the detalled
-f_obeervation of rainfell and discharge but also by the detailed
,finveetlgatlon of topography and land use ,.because characterletlce
; L of runoff diffcr due to abcve items The Lmaglnary basin model is
SO shcwn 1n 1g 4- 7] : - - S



:'fféﬁs COHCIUSLOBS | 7?}

i"The purpose of thls chapter was Lo estimate both ordinary dlscharge

'V'and hydrograph of flood under. probable daily ralnfall

H,As the preparation of analysxs general characteristcs of . Sg. Perai

'ff:basin on -hydrology. were arranged by the data collection and field
",inVestlgation Tney sugested that considerable changes of land use,

kinds: of. Crops and increment of- dralnaqe and irrigation system;

o total: quantity ‘of ‘water supply. from other basin and density of

'wfdrains, have: pessibilites to affect the hydrologlcal environment of
'this area L . :

'The first step of analysis was te grasp characterlst1cs GE ralnfall.

}}BY the arrangement of collected data and 1ts statistical treatment,
following litems. were clarlﬁ;ed
(b)Y mean annual rainfall and its monthly change

: _(?)correlatlon of ratnfall according to places
~{3)correlogram of daily and- monthly rainfall :
-j(4[prabable daily rainfalls of 5,10, 20 and 40 years return period

5_{5)lee'intensity pattern for above probable daily rainfall

(8)monthly change of base flow
(?)relatlon between accumulated rainfall and accumulated 1oss of

o :rainfall

}sCharacteristlcs of runoff was examlned with linear multlple
‘fegression model uSLng water level record at ARA KUDA. Its
f_conclu31on indicated thab ratio of runoff would change within the
"_range of l7~24 %,.accordlng to the fixed max1mum discharge (F.M.D.}.
‘Furthermore,-it can_ be-used ‘as ‘material by the combination w1th
water use to dlscuss water resources, because detailed _
characterlstics of" runoff were: obta1ned The example of its

':VTapplication is shown.in the latter half of Annex A- l which discusses

,about water balance ln the area

l;Ordlnary discharge although its def1n1tlon was not clear. was
sestlmated to: be 0. 013 cu.m. seclsq km, by the arlthmetxc mean of

*”ewater level the. most frequent water level and the discharge based

111 base flow ‘and. ratio. of runoff which were derlved from runoff
7‘”analysis with linear multlple regressxon model. ' :

; As for the estimatlon of hydrograph under probable ralnfall
”fkinematic wave ‘method st adopted. The. parameter of Rlmax which was
used - to calculate hourly effectlve ralnfall was introduced and 72
_cases or. calculatlon wWere: excuted They were due to time-intensity
*pattern of ralnfall return:period, Rlmax and equivalent roughness
_coeff101ent N Conclusions were arranged in Figs.4-47~70.. This ,
method also can be used to estimate the situation in future by Lhe
'simple change :of basin model and paramoters of Rlmax and N. The
lmaglnary examples are shown in Plgd 71 and Fig. 4- 7&

fObtained values will be selched by lntegrated dlscuss1on and used

as the. boundary condxtlons of discharge for the hydraullc analysis

which is related 1n nexL chapLer

418
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o fﬁ?ab;é- 4~4 gAyeEégéjride irrigation requirenents

S

. _Averaga montbly requirements

St DB Intake
oo Month U gwe/d) 0 (em/dy o (B/3/ha)

“Intake:

Total mohthly
requlrement
(m3/ha)

L

r.iJanﬁq:Q =

“ rebruary

-
Tff'5§£§% 51‘

“;;'Aﬂguét- .

Septonber”

o November

T Ubacember

100

i 5&?0 T 

7,43

R
i ;.1{57” :

300

i
g.zgéyf-f

a2

187

SR

8.67'.

12,24,

93
262

15,00

478

%)

‘Q,lg ;

1,00

1,43

..6;33
:16459'

0,30
:_o;sé

.0.59.

0.27

- 0i55

0,62

509

2,678 .
i,1o7
2,223
1;163'

804

Lo1,853

1,529
723
1,425

1,660

B e R —

 total 18,599 a'/ba

e




489 BT UawYy ADUDIOTIIP UOTINATIABIA z

%09 % uaes KousForzge uoriesirdde DYSYL  CT FTRIHM

ze'o

ST

1g9Te

s ad

N TR

m‘ﬂﬂmﬂ1¢m

o YETO

ve 0

Hmwwm.

or g

i .89°0

S -5 2

0T

L0*0

A RSN

acwa_u_;
o ARYS/U

6270

0270 -

B 210

. 8270

. ovoe

(£ Ad1

5170

_.....”v..m,-b . .”mn.e.“. ‘

8TT0.

zZtr0

o

| eero

© pexinbex

| ByERuT ebezoay

- .@Wu.ﬁomuu o
PIoT3 wm,m.uwhﬂ o+ d

pasnbez.

= | owwaur. abexeny -

o peatebes

=] prenz ebezosy 1 ma Y

| o

. .N.M_m

o unaaau«umau
o .QOu.udmwu_uﬁ ‘doxn. =

.4;é3




. Table 46 List of ocollected data
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4=11 __-__Coeffioien{; of oorrelation of daily rainfall oonsa.dering
1-day delay (L,P gauging sﬁatlon)
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"'Rela{tion o:f‘ raa.nfall in 0ade that any of gauging

ﬂtations observa more than 100 mm/day (mm)
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1 Mathmatical modelry

'QQS i~ l Basic equatxons

E e hydraullc bhenohenon 1n‘Sg Perai analyzed by mean of numerlcal

'*f _computaL1on, mathematlcal simulatlon model. The outline of the

‘LMathmatical model are described hereafter and refer to Annex B8 in

E  more detall

'“lThe physical laws which govern ‘an unsteady flow are the following
two; that is, one ls ‘the equation of motion which controls motion of

‘ ;fflow. .an- another 1s the equatlon of continulity which represents the
~_:'change of water 1evel due to the inflow and outflow,

Por given initial and boundary condltlons, the equatlons are _
iintegrdted numerically with regpect to tinme and distance by mean of
mathmablcal model. Hydraulig characterlstics of an unsteady flow are
. given by slmulataneous solution of both the equation and that
-_contlnuity The fundamental eqatlons of a one-dimensional flow with
‘~the downtream end as the orlgln are expressed as follws

j ?'s".‘ o ek d *7:-’17‘]'7‘!*' o (eq°5~l“>

D H'eré.;'_ R
| :éi jacceleration of gravxty, |
- ﬁ; velocxty (posit1ve for the upstream dlrectlon),
'35 :bottom slope, :;'L ;f ' '
Lif?hﬁlﬁwater depth,_; 

 f£f distance in longltudinal directlons on a horlzontal datum .

plane,
'f;ﬁf,;Manang.s roughness coeffxclent,_‘f”
"t::{elapsed tlme, ' |
5: ‘cross sectxonal area,
'Q: :discharge through a sect1on,

. -qE'_1atera1 inflow per unit length {pos;tuve for inflow, negatlve
for outflow) ' -



p .reDreSentatlon of hydraulic behaviour ln mathematical model, the
fundamental equation eq. {8-1) and eq.2{5-2) are converted into

',q'Lfference expressions Then, for the glven initial, boundary and‘

_the numerical integration ig performed. It is

;fﬁﬂdesirable to constitute ’the eéfficlent and eccnomic grid system from
7 the standpoint of computer performance. The calculation proceeds
o from the downstream to-upstream, wlth distance interval Ax and

jfgtime 1nterval At as shown in Fig.5-1-1, whére 1 and n indicate

4ﬁ;’distance ang time,.respectively

,3J5 1-2 Type of simulation model _
~ . Two. type . simulation models ‘are prepared for this analysis The first

="medel is -W-wW model as shown ‘in Fig 5«1-2 whlch have water stage-time

fjboundary at up and dOWnstream end. The second iz W-Q model as shown
“in Fig. 5= l -3 which have the water stage-time boundary at downstream

‘3fend and the dlschare —time boundary at upstream end

"s;The w W model 1s USed for determlnatlon of roughness coeffient of

'}=Perai river and the W Q model is used for analysis of gate operation{

Wf:In these model water depth is calculated at even mesh and veloc1ty
'j*‘is at odd mesh as shown 1n F1g 5. 1‘4 :



 *;-5%2 Basic data

CBAZeYL Topographic data '
ﬁ;The river cross sectlop data is one of Ilmportant data for river flow
‘study. The telation between area and water depth 1is ploted in

. 'log-log graph as shoyn in Fig.5-2-1, Therefore, the cross section

':&area 1n river channel ‘may be obtaln the follow1ng aquation,

CA=e Y HE 0 L eq.(5-3)

Twhere,j'A:crOSS section-area  (m?)

' H:water depth ~ .=~ (m}.

“aicosfficient O
gicoefficient

It express the topographlc condition 1n the mathematical model The
-river Cross” secion’ surveylng was carried out on upstream reach in
E 1987 and on downstream reach in 1988 by D. I, D The .coefficients of
. each section are.- glven in TableS5-2-1. Lo

_f5 2 2. Water level record :

-The water level data is used to determlne Mannlng s roughness
__coeff1c1ent to study of the tide fluctuation and’ boundary condition
data, and to verify the simulation’ model. The period of the water
?,level record to be collected are not 80 long time as given in
- _‘Tables 2-2. The 1ocat10n of the water level gauging statlon are

o zshown in Fig 5 2 2

- 5-2-3 Tidal regime ‘and fluctuatlon at estuary (the mouth of river)
;;AS for: the tidal level out31de the estuary, a-tide table of Penan
. Island, of. Wthh summary is given In Table5-2-3 is available as a

h-long terin data, The other’ is the record of water level at gauging

}station No. 11 whlch is adjacent to the estuary. It was obsérved from ’

s -1l1 March. 1987 to 20 March 1987 by D.I1I.D. -According to the recorded
.data, the water level of: No 11 statlon have slight time lag to tide

':estable of . Penang

;stualy tlde of Penang have two peak in a day, higher and lower The
‘higher peak of Spring tide i& nearly same tide table of Penang, . but
“the low tide havé some difference. The difference between the

o _recorded data and tide table ls not so large It is about 0.1 ~ 0.2
v m as shown 1n qu 5 2 3 S ' ' :

:,_The hlgh tide is higher than tide table and the low tide is lower:
-':-than that in ‘neap tigde" as shown in Fig.5-2~4. The range of neap tide
-at the estuary is Iarger than that Gf tide table :



'c_water level recorder were installed by the study team in
8. and water lgvel ‘have been observed by D.I1.D,
According[to this data, the higher peak is nearly saime the tlde

ﬁ.S;:Qi_‘l".e:n.-_,'in;.Tﬁb1;65-“2*74_5 .

o - ‘sign tide o o : -

ifg_Tidal fluctuatlon changes every day Since the fore condition

n affectsfthe next flow situttion. the periodlcal tide is useful for

'{f”comparing the calchlated reésult.’ Then, design tide is produce for

- oothis analysis Since the highest water level is important in

‘~jf1nundation poblem, the higher tide is selected’ from tide table of
- Periang ‘ang arianged. The selected tide is of 31 July 1988 as shown
: 1n Fig 5+ 2 5, and design ‘tide is shown An Fig 5= 2 6.

N




?Q Adtoma£

”ater 1eve1 recorder were lnstalled by the. study team in
- March 1988, -and water level have been observed by D.X.D. '
Accor.ing to this data, the. higher peak is nearly same the tide
tahlc : : : :

as givenrin”;ableS 2 4

54 Design tide -
Tidal fluctuabion‘changes eVery day Since ‘the fore condition
Caffécts ‘the.next flow’ sitattion, the per1odlca1 tide is useful tor

’“:comparlng the. calculated result. Then, design tide is produce for

this analysis Since the highest water level: is lmportant in
1nundaL10n poblem the higher tide is selected from tide table of
Penang and . arranged The selected tide 18 of 31 July 1988 as shown
in Fig 5 2 5 and design tide 1s shown in Fig 5-2-6.




5 3‘ Roughness coefficients of Sg Peral River
o end heod ioso of Perei Barrage o

,Roughness coefficient in simulation nodel

sT "metical model hydraulic behaviour is simulated w1thout
,reducingjthe Scale of. the. prototype of river,

1 ‘In the: bdsic ‘gquation, however the constant such as Manning's
roughness coefficient - Which is inherent to the prototype, is
“included.. The treatment of . thls constant determines the similarity

’*] of the. mathematical model to theé prototype. The roughness.

coefficient is determined by’ comparing the calculated results with
the observed hydreulic behav1or -

‘5= 3- 2 Head 1oss of Perei Barrage L .
There is: the Perai Barrage as a hydraulic structure in Sg Perai. 8g.

‘5_ The ' cross section of Sg. Perai, is reduced by Perai Barvage, therefore

Y lerge head loss occures at. the Barrage section. .The stretch of the
f barrage ds trcated ‘as an open . ‘¢hannel when gate is opened and as an
orifice when gate is in water as shown in Fig 5-3-1. The heed loss
must be considered “In. the simulation model, a conhsidered value is
given for the roughness of the. barrage stretch. The equivalent

- roughness. coefficient 1s ‘determined RN=0.030 from the head loss and
Veloclty observed on 6 Feb 1988 as given in Tables 341,

5 3 3 Determination of Roughnees coefficient oF Sg. Perai
For determinetion of roughness coefficient 8 case, two groups

'ﬁ simuietions were'cerrid out by using w W- modei which the given
roughness ceffioient were 0 020 to 0 035 '

The flrst group has boundaries of No 1 <A station(Meeh 34) end No. li

"stetion(Mesh 2) and the’ data. observed in ‘March 1987 are used.

The ‘second group hes boundaries of- Sg. Samagaga gauging
station(Mesh -28). and railway . bridge gauging station(Mesh 2)

cand. the data observed by automatic recorder in 1988 are . Y
ueed .J[me;o " o : S " _ ;

The change of watei levels at Mesh a(stetion No, 8) -Mesh l4(station

- No.s}), Mesh lﬁ(stetion No:‘4). and Mesh. 20({Barrage}are shown in _
Figures 5-3~ 2.~ 5-3~13. Each case simuieted fluctuation is close to'
the observed deta ' :

The logitudinal profile are - snown in Figures 53~ 14 ~5 -3~ 19 There _
‘are ‘some difference between simulation result ‘and the observed data
but as shown in Fig 5 =3-20 Lhey are es same as diffrence which
occured in 10 minute time lag

The proflle, which roughnese coeffient 1s RN=Q. 020 are most £it to
the observed ‘data. The roughness coefficient can be determined to be
RN 0. 020 by this resulL ' . D :



uS 4 Slmulation of the attempr operetlon on l? May 1984

5 4 1 Slmulation using tide table as estuary condition _

The simulation of the operatlon on 17 May 1984 are carried out using
CHEQ model According to the operation record {BUKU CATITAN PARAS AIR
HARIAN PBAL BARRAGE) the gate- operation_is_rougly as follows: :

---'--.-q-.-4.-,_...-.....--..‘--.-.-.-w......-....-.-—-’-ou-—w.-."._..-..-.a_.---.....

time operation and remark
_fvll 12ambfj’hide were going up. ' .
©12:15pm _ﬁstart closing of- gate No. 3 4, 2 ,
" Li20pm . all gate closed. : : -

:. 2t OOpm J-”all gate open.
No 1 gte wes closed by stop 1ogf

' The flow was stoped for about 40 minutes by this operation The tide
table of Penang 1s used as boundary condition of downstream '

t

In thls condition, the highest water 1evel does not reached the

f obsefved hlghest water level as shown in Flg 5-4-1. The peaks of

tlde table. there at,. are compaered with the observed water level
peaks at: Perai Barrage from 15 to 18 May 1984, As shown in Fig.5-4-2
and: Table B-4-1, each observed peak is higher than the peak of tlde
table Especially, lower peaks are more hlgher The peak in spring
‘tide of other time - are shown in Figures 5-4~3 ~ 5-4-5 and

Tab1e5 4 ~2. The higher peak of spring tide is same ‘order to tide -
table. As a result tide of beforeé and after that day was
recognized to be h an abnormal condxtxon It is estimated however,
that its order is nearly same to the de51gn tide -

5 4 e Slmulation usinq design tide as estuary condltlon
The computlon result . Which the design tide is used as the boundarv

: -condltlon and inflow discharge is 10 cu. m/sec, is. shown_in ' .

Flg 5446, The peak is nealy same to

. the observed peak. water level. When Inflow. is large,_both water
1evel peak ‘and bottom, are more close In fact trainfall of
Butterworth on 16 May 1984 recorded 54 4 mi. E



B 5 5 _Simulatlon for the study of gate operation

! ;omputat1on case of gate operation _ |
Unlimlted numbet ot gate operation could be considered., In this
report the fellowing cases. of operetion are studied: '

: ”@fbondition in which all gates are closed

: V;caSefZ' the gates are operated to open when apstream
B “ywater. lével 1s higher than downstream water level and
'rj,uPstream water level is higher than normal impounding water
oo level (WL W.L.). This is to operate the gate by using the
"jdata of the barrage site only

i f;ease%Q:_case in which the gates are Operated on the same
L nfjudgement as case-2, :and gate are .closed when tide flow
_rising and estuary water level is higher than R.L. 0.0 m
oson. tide. table The flow chart of operation is shown in
'Flg 5= 5 1

-}feasewézzcase in. which the gates are operated on the same
... judgement ‘as. case~2,. and gate are started to open when
B water level at downstream of the Barrage(Mesh 20) become
'.fover ROLY l O m. » :
']f[easeES:;case in whxch gate are operated as case 3, but one
PRI qfof gates 1s allways full open ' :

jgtThese case 4 and Case 5 are some compromised operation to malntaln
+the water level lower condition and to prevent the inoundation, but

,fth1s allows the 1ngresa saline water .each’ case- control water level

,:fffto,;__N_I.WLL 0.61 m with 0.1 m allovance,

'-2'5 <52 Case 1 “‘

zQHjThe peak water. level at downstream of the Barrage(Mesh 20) . is about
S 55 moas compared wlth a peak of design ‘tide L.48 m. (Fig.5-5-2}. ~

.nghe peak water, level at: down stream is higher -than the peak of _

_ 'estuary tide and the” range ‘of fluctuation is larger than the range
.. at dstuary. The: hydraulic. phenomenon as this called seiche. The
;Qif,Water level fluctuations of Mesh Z(estuary) Msh 20 and Mesh 22 are
'-{;yshown i Fig 5-5-3. :




. . (series H) _ :

SThi para ion eontrols easlly the upstream water level of the

. parrage to N, I WL ~comparing with up and downstream water level.
LUER gate clcsing operation is late aglnst the rise up tide flow

' ‘because it: takes. time to cloge. -As the result, sallne water flows
SAntd. upstream passing through one ot two gate as shown in Fig.5-5-4.

“f”fThe water: level: fluctuations of - Mesh 2(estuary) Msh 20 and Mesh 22
S are, shown in; Fig 5-5-4, and. discharge at gate and opening heigh of .
{Q;gates are. shown 1n Flg 5= 5 5 andFig 5- 5 6.

'l s

1xﬁy5 5 4 Case 3 (series F) : :
R This operatlon prevents the ingress ‘of rising flow, except the case
.-which discharge is large. “A high water level 1s not higher than

that of ¢case~2, The lowest water 1eve1 at upstream of the barrage

_lVfbecomes 0 2m 1ower than N. I.W.L. (2 ft= 0, 61m) because gate closing
ols late. It takes about 20 minutes to close a gate. If all gate are
”iopened, 1t takes aout 80 min

_ ‘fAs the result of dimlnlsing of water 1evel by the delay, water stage
”remain at lower . 1eve1 whlle gate are closed. When the upstream '

S inflow is much over release is effectlve

”5thhe water level fluctuatlons of Hesh Z(estuary) Mesh 20 and Mesh 22

-f_zare shown in Fig, 5+ 5 7. and dlscharge at gate and openlng helght of
g.}gates are shown ln Fig 5 5-8 andFig 5 5-9,. ‘

i Be 5 5 Case 4 and case 5

U This- operation is compromised operation in which the Perai Barrage

"”.gates are operatd to: prevent the rising of tide - flow, taking .into

ﬂjconsideratxon to prevent inundation downstream low 1ay1ng area under
'fjthe existlng condition o : _

“7In case 4 the water level at downstream of the Barrage remain 1.4 m

ﬂf}ﬂbut upstream rise: rapldly to about 1.2 m as shown Flg.5-5- 10 and
. Flg:5-5-11. .The disgharge at. gate and opening helght of gates are
;“shown 1n Exg 5 5 12 and Fig 5-5- 13,

?In case 5 the water 1eve1 fluctuations of Mesh 2{estuary) Mesh 20

ftffand Mesh 220 are’ shown in- Fig.5-5- 14, and discharge at gate and
'fﬁ_opening heigh of gates are shown 1n Fig 5 -5-15. and Fig.5-5~ 16 '

© o phese operation does ot satxsfy both function¢ to prevent

7:1nundatlon and to- keep upstream water level lower. ‘It is diflCUlt to
operake:the: gate without 1nundation and poor drainage LQndltlon when

:”r.{tide is high



flgod routing

'“wpeak diachargﬁ of about 550 . cu mlsec which is analysed 1n chapter
; nd~1ts parameters are N 0 7, leax 100mm, return . period T 1/40.

ey this casé'the peak water level near the barrage ls sligthly lower
;__,than the peak -of. tide and that of upstream reach near the confluence
-0 over L 7 m o - _ S _ » :




Chahge of flow condltion the down stream reach
by Prai Barrge gate operatlon

clgfﬁThere;is‘the port in the estuary The change ‘of seadimentation
?g'oonditlon is one of lmportant problems Gate operation may affect

':'the £low condition of the down astream reach. Shear veloclty

’%Vf' U= J‘rl 3 is one of factors on sedimentatlon

In data of Feasibllity study report on Drainage and Reclamation Sg.
Prai Basin: in Malaysia, over 90 % of bed material have less 1 mm
“dfameter on downstrean: reach. CAccording to Iwagaki formula, critical
Q shear velocity for 1 mm diameter sedlment is as follow:

L :- - Lla.-,2=‘-55d

3aWhere,f-u, critlcal shear velocity (cmlsec)
KR dy& diameter of sediment { cn )
i O 0565(d<0 118

The critical shear veloclty “Uie= 2 3 cm!sec ‘is calculated by ths
formula ‘ :

Shear yelocity of downstream reach are shown in Flg 5~ 6 1~5~ 6 3
‘with gate operatin case=3, and Fig. 5-6-4~5-6~ 6 with all gatee full
open‘,lnflow of upstream ig 10 cu m/sec .

Maxlmum shear veloc1ty of gate full open condtlon is larger than W,
e and . that of’ gate operatlon condltion ig larger, too. As a result )
s; sediment on downstream reach may be nove: by tidal flow

The shear velocty with operation becomes smaller than: gate full

'uﬂ open conditlon Because of no data on sedlmentation supply, it is

lmpossible to say. that~ sedimentation becomes. _
much or not. by gate operatlon Since shear velocit is ‘ ‘
: larger bhan critlcal shear, sedlment could be still moved by tidal



5.7 CGonclusion on simulation -~ . - . ’ -

" The plofile.of watet surface of Sg. Peral without gate operatlon at
high tide and low tide are 1llustrated as shown in Fig.5-7-1. The
estuary water level {s higher than the ground level downstream near
the Barrage. Whén tide is higher than thé ground level and gates are
| j.7¢losed, kthe downstream area will be inundated.

2
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