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PREFACE

- It is with great pleasure that I present this report
‘entitled National Water Resources Study, MalaYsia, Perlis-
Kedah*quau Pinang Regional'Wafer Resources Stqdy Part 2

Feasibility Study on Beris'Dam to the Government of Maleysia.

ThlS report embodies the result of a mult1d1501pllnary
survey of water resources in P.K. P. Region and of the fea51b1~
llty of the Berzs Dam,_whlch was carried out from December 1883
~-to March 1985 by a Japanese survey team comm1551oned by the
Japan Internatlonal Cooperatlon Agency follow1ng the request

of the Government of Malaysia to the Government of Japan.

The survey team, headed by Mr. Ichlro Kuno of the’
Nippon Koe; Co., Ltd., had a series of close discussions of
the'Project'With the eff1c1als concerned of the Government
' ef Malaysia and ceﬁducted'a wide scope of field survey and

data analyses.

I hope that this report will be useful as a basic
-reference for development of the Project and contribute to

the promotion of friendly rélations between our two countries.

7 I w1sh to express my deep appre01atlon to the officials
concerned of the Government of Malaysia for thelr close

cooperatlon_extended to the team.

March 1985

/‘%’J%é @7‘”

Keisuke Arita
President , :
Japan International
Cooperation Agency







JAPAN INTERNATIONAL CGO#ERATION AGENCY
NATIONAL WATER RESOURCES STUDY, MALAYSIA
_ PERLIS-KEDAH-PULAU PINANG
REGIONAL WATER RESOURCES STUDY
~ PART 2
BERIS DAM FEASIBILITY STUDY

March 1985

Mr. Keisuke Arita
President
Japan International

". Cooperation Agency

Tokyo

Dear Sir{

LETTER OF TRANSMITTAL

We are pleased to submit to you the Final Report of the
National Water Resources’ Study, Malaysia, Perlis-Kedah-Pulau
. Pinang Regional Water Resources Study Part 2, Beris Dam
Fe351b111ty Study, for the consideration by the Government of
Malaysia in implementing water resources development -and
management in the specified Region, in llne with nation’s
8001o~economlc development objective.

ThlS report includes a preliminary de81gn, cost estlmate,
‘and evaluation of the proposed Beris dam project which will
contribute significantly to improving the balance between

_lreglonal water demand and supply.

L Another lmportant study_lncluded.in this report concerns
the allocation of water between the various water users in the
States of Perlis, Kedah, and Pulau Pinang. A reasonable
prlorlty concept- and integrated operation rule of the existing
and proposed water resources projects were studied for effec- .
tive use of water resources, because they are specially
requlred in such a water-stress region as the specified,

A1l members of the Study Team wish to express grateful
_ acknowledgement to the personnel of your Agency, Advisory
-Committee, Mlnlstry of Forelgn Affairs, Ministry of Construc-
tion and Embassy to Malaysia as well as officials and individ-
uals of Malaysia. for their assistance extended to the Study
Team. * The Study Team sincerely hopes that the study results

.'_would contribute to the water resources development of Malaysia

in’ partlcular and to her socio-economic development and well-
being in general.

Yours sincerely,

Ichiro Kuno
Team Leader
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Beris River at the Proposé_d Ma’in Damsite






PRINCIPAL FEATURE OF PROPOSED BERIS DAM

River System _ :+ Muda river
Reservoir :
Catchment area : 116 km2 6 3
Annual inflow {average) : 109.4 x 10'm
Maximum WL {FWL) : El. 87.7 m
Normal HWL : El. 85.0 m
LWL : El. 69.0 m
Surface area at FWL : 1,600 ha 6 3

Effective storage capacity 102.4 x 10'm

Main'Dam

Type‘ Concrete gravity

Crest elevatlon : E1, 89.0 m
Maximum height : 41l.m
Crést length : 150 m 3 3
Dam Concrete volume : 55,2 x 10™m
Saddle Dam
Number ' _ o1 :
Type : Rockfill (center core)
‘Crest elevation : E1. 90.5 m
Maximum height : 28 m
Crest length : 160 m 3 3

Embankment volume 121.6 x 107m

Spillway . _ _
Discharge capacity ' : 200 m3/s
overflow crest length (effective) : 20 m
‘Crest elevation of overflow weir : El. 85.0 m

River Outlet Facilities

Main device ‘ : Hollow Jet Valve

2 unlgs 3
Discharge capacity ' : 0.2 m/s - 15 m7 /s
Investment Cost at the end of 1983 . 6

Price Level : M$96.6 x 10






| SUMMARY

Qtudy_Objectlve
:fThe Perlls~Kedah Pulau Plnang Reglonal Water Resources-

;Study (the Study) has been carrled out based on the Scope of"
'“'whlch was agreed on September 25 1082 between the Gov~-

‘ *men atlon of the technlcal cooperatlon programs of the Governw_
.*ment of Japan.f”“”" ' ' L '

:theji 'Kedah Pulau Plnang Reglon (the Reglon), to’ enablef

__;;;l (December 1982 to February 1984) to formulate a‘”

i”:fmaster plan for water'demand and supply balance,d'*

‘gatlon and water pollutlon abatement..=Thls study
nan recommendatlon that the proposed Berls dam'

_implemented by 1991 1n order to meet 1mmed1ate and

_ {Part 2-(December 1983 to March 1985} to study the fea51?1
a_;blllty of the Berls dam, and more SpelelC ally (1) to make_

jifirecommendatlons on water allocatlon and’ an integrated operaw'

“”n plan for the ex1st1ng and proposed fa0111+1es;_(2)
' ' 7pre11m1nary de51gn and cost estlmate of the Beris

(3)

to evaluate the Berls dam prOjeCt from the

5001al and env1ronmental pornts of v1ew,

"dam progect.-'r“ :




2. Main Conclusions of Part 1 Study
The Region roughly corresponds to the States of Perlis,

Kedah and Pulau Pinang.

There is a 1arge water deficit every year in the Keoah
river system, even though the Pedu and Muda dams can regulate
runoff to a great extent. There is no water deflClt in’ the
Moda- ~Perai river. system, however, except in an’ occa81onal dry
year. The ex1st1ng pPedu -and Muda dams , and Jenlang system and
Ahning dam, planned or under conqtructlon, all aim to balance
water demand and supply in the Kedah river system, but they
cannot meet the whole waterx def1c1t without the 1mp1ementatlon

of the proposed Beris dam.

These rivers often overflow their banks, beoanSe'of their
small channel capacity, but flood damage is not an annual
event. Flood mitigation worke such ‘as channel improvement,
pypass floodway and flood retention storage are recommended to
protect the main affected areas of Kangar, Kuala Nerang, Kuala

Ketil, Butterworth. and Georgetown.

Future increased water use will cause deterioration.river
water quality, though at present water pollution is_foundfoniy
in limited stretches of the river, 'AS'SCheduled by DCE, all
the rubber factories, palm oil mills and sugar mills using
._large amount of water should be required tO'install-adequate
treatment facilities for their effluents and sewerage system
should be provided in ZKangar, Alor Setar, 8g.. Petani and
Kulim, in addition to the ongoing development oft sewerage

systems in Butterworth and Georgetown.

From ‘the viewpoint of water demand and supply balance a]_l'=
main rivers 1n the Region w111 constltute a 51ngle_system
spanning the States of Perlis, Kedah and Pulau Plnang, 1f the
Jeniang system 1s'1mplemented. A master agreement should be
made between the Federal Government and the Governments of the

three States, to provide for (1) a_regional-Water:resources



master pian to be formulated and'reéognizéd, (2) allécatidn of
watéf toieaChIStaté, EST.integrated operation of all source
'facilities ‘in the Region, (4) equitable alldcatipn of the
-_¢03ts of ﬁater source facilities, and (5) the Federal Govern-
ment to:assist the states.in the arbitration of disputes, if

any, at the request of any one of the three States.



3, Updating of Water Demand Pr039ct10n

The socio-economic prowectlons made in Part 1 Study were
updated in accordance w1th the Mld*Term Rev1ew (MTR) of.the
Fourth Malaysia Plan (4MP), which ad]usted estlmates of ‘popu~
lation and gross domestic product (GDP) downward . The updated
population estimate was slightly smaller than the prev1oug
projection. GDP in 2000 was adjusted from M$15 9 x 10° to
M$13.4 x l09, assuming a qrowth rate of 6. 7% for 1980 - 1985,

7.5% for 1985 - 1990, 7% for 1990 - 1995 and 6. 5% for 1995 -
2000,

Domestic -and- industrial water demand was ‘recalculated
according to the updated sociOmeconomic.data, assuming *that
the service factor in 2000 is 1008 for domeétib'water supply
and 90% for industrial water supply, Domestic and”indu3£rial
water demand in 2000 in the Region was estimated to be 560 x
10 m3, which is 21% less than the previous estlmate of 709 ¥
10%m3. : '

Minor irrigation schemes of 5,604 ha including fringe
_areas of 2,457 ha have been identified by Kedah DID and were
assumed to be implemented by 1990 in Part 1 Study The deve-
lopment of new fringe areas was totally omltfed in the projec-
tion in Part 2 Study according to the pollcy recently express-—
ed by Xedah State Authorities., According to the jeSults of
the tertiary development to date, the reduction in the irriga-
tion area due to the land acquisitioﬁ for the tertiéry]facili~
ties was assumed to. be 4% of the origihal-irrigatidn”aréa}
Based on comments and opinions expreSSed'in'a_WOrkshop which
was held on Jul§'9, 1984 at MADA headquArters,'some'modifiéaﬁu'
tions were made in thg_ irrigation. meﬁhod__in the MADA‘ and
fringe areas. With these modifications in assﬁﬁptioné'.thé'
irrigation water demand in 2000 in the Reglon was estlmated to'

6 3
be 1,959 x 10 m~, or 13% less than the- prev1ous estlmate of

2,246 x 106m3.



4, Water Deficit

The water: deficit was calculated from'the-hYdrological
records between 1961 to 1983, assuming that the Pedu-Muda dam
system and Ayer Hitam dam are in existance and that the Ahning
dam and Mengkuang dam are completed before 1990

The aVerage annual water deficit in the main stream of

the Kedah river was estlmated to be 409 x 10%n> in 1983 and

:399 X 106m3 in 2000, while in the Muda-Perai river it was

estimated to be 7 x 1b6m3 ir 1983 and 23 x 10°%3 in 2006,

‘The causes of the water deflth were analysed on assump—
tion that the water deficit in 1983 is caused by the existing
water users in:proportion to their water demand; and in future

| years the incremehtal water deficit will be allocated to water
users in propertion-to'their incremental water demand after
1983.  The water deficit allocated to the causes may be sum-

marized as follows:

Sumﬁary of Water Demand and Deficits 1983/2000

_Unit:'lOGm3
1983 2000
- _ Demand Deficit Demand Def1c1t leference
Kedah river | 1364 1421
MADA - 390 340 ~50
.Minor.irrigation ‘ 14 29 +15
D&I'ﬁa{er supply 5 . | 16 +11
Mainténance floﬁ - ' 14 +14
Total 409 399 - -10
 Muda- Perai'river 314 495 |
Kedah State:
Mlnor 1rr1qatlon | 2 13 +11
D&l water supply - 2 +2
Pulau_Pinang-State:
'Minor'irrigation ' 4 3 ' -1
D& I water supply . 1 5 +4

Total o : o '_ 7 23 +16



5. Policy for Water Demand and Supply Balance=

A water demand and supply balance plan should’ be formula~
ted based on a target of safe supply, whlch is expressed by
some parameters representlng the risk of safe: supply Reférr-_
ing to d851gn criteria in Ma]ay51a, the target is hereln as~
sumed, for the hydrological condition of the 23 year perlod:

petween 1961 and 1983, as follows:

For domestic and industrial Water :supply, oafe supply
should be guaranteed even under the drlest condltlon _
For lrrlgatlon, (1) number of deficit year should not - be
more than 5, (2) percentage of averaqe annual water defl—ef
cit to average annual water demand ‘should not be more
than 1%, and ({(3) the greatest percentage of water def1Clt
in a month to water demand in the same month should not

be more_than 50%,

Furthermore, " it was recommended that the following:prif
ority order ‘to take river water be set ambng water ﬁserseiﬁ
the Region: .. : ' ‘ e.

(1) Domestlc and 1ndustr1al water use should be glven.
inviolable prlorlty ' '

{2) Minor 1rr1gat10n pIOjectS should be glven leOrlty

_ over those dependlng on the main etreams..

{3) A1l 1rr1gat10n, projects in the upstreaﬂt and down—
stream reaches of the main stream should he glven-
egual prlorlty

{4) - An existing project Should have prlorlty over a new'
project, in pr1n01ple, but for the tlme belng, the
existing and new projects should be glven equal pfl—
ority, because new prOJects ‘have to be 1mplemented
though water deflClt alreedy takes place ;n.ex1st1ng
projects. ] - '



6. Output of the Jeniang System and Beris Dam

'Surplus water in the Muda river would be transferred by
the planned Jenlang Systen\ +o the Kedah river system, and
‘there.are_large water demand centers in the downstream reaches
of the'Muda'river.- The Beris damsite is located upstream of
the Jeﬁiang barrage The allocation of output of the Beris
dam  to the Kedah rlver ~system and Muda- Peral river system
would ‘be determlned by the operatlon rule adopted for the
'Jenlang system. Three alternatlve operation rules of the sys-—.

'tem are proposed Alternatlve 1 {Muda prlorlty) Water may e

'z'dlverted to the Kedah river, only if it does not! cause a water

deficit in the ‘Muda river, Alternatlve 2 (Even dlstrlbutlon)

_Downstream release ig limited to 15 m /s, so that the target
-rlsk ‘of safe supply would be attained ‘in the two rlver . 8Y5-
tems, and Alternatlve 3 (Kedah prlorlty) Downstream release
limited to 2 5m /s, so ‘that present and future water deficit
~in the. Muda Pera1 rlver "basin will be rapproximately equal to

what would occur w1thout the Jenrang system.

The average annual deficit 1n the Kedah river system with

?the Jenlang system was estimated to be 182 x 10 m3 in 1990 and

-185 ;.187 X 106m3 by 2000. The annual supply capacity of the
’system w111 be almost the same with any of the alternative’

_rules The average annual output of the Berls dam is esti-

:mated to be 62, - 66 X 106m3 which would leave a remalnlng

water defrcrt with the Jenlanq system and Beris dam of 114 -~

117 x 106m3 in 1990 and 145 x 10%m° in 2000,



7. Recommended Alternative

Tf Alternative 1 is taken up as the operatlon ru]e of the,
Jenlnag system, no water deficit w1ll take- place in the Muda

river except in an extraordlndry dry year. ‘On the cher hand

the 1rrlgatlon projects in the State .of Kedah will be operated

under different risks of safe supply beﬁween the two river

basins.

In Alternative 2, equal prlorlty was assumed to. the Kedah
and Muda river basins and the target rlsk of safe supply would

be aLtalned in the two river basins,

Alternative 3  cannot meet the assumed target fo:” safe

supply in the Muda river and therefore_is'not recomméhdable.

Although there. is no de0151ve factor for ~the selectlon
between Alternatives 1 and 2, ,Alternatlve 2 1s recommended*
only from the viewpoint of equal1ty ‘in the ‘Region. It was
proved that these Alternatlves were also economlcally satls—'

factory, having the same order of EIRR as described later,



- 8. Operation Rule and Monitoring System
~For management of the water resources facilities in the

.ipteqrated.*river” system, ‘it is recommended that a control

'.cehter‘be esStablished to issure operational instructions to

'all ‘the Source facilities 1nclud1nq the Pedu, Muda, Ahnlng ‘and
iBerls dams, and’ ‘the Pelubang, Jeniang, Xedah and Muda bar-
rages. The center should also 0perate monitoring statlons at
'the Pelubang barrage, Jeniang barrage and Victoria Estate

_hydrologlcal station,.

_ The_outflow from each dam . should be determined at inter-
vale of eeVera1‘days based on the scheduled water demand in a
a,time7intervalxand natural flow estimated from the discharge
reqorded in"rhe antecedent time interval at the ‘monitoring

_\staticns;

' The crltlcal perlod will be between February and June
correspondlng to the off-season crop perlod The.off—season
crop area should be decided at the beginning of February and
:adjustedeat the begihningeof'April based on available water in
:uthe'PeduJand Muda dams. Furthermore, water rationing should
pe conducted if ‘the water level in the Pedu reservoir falls to
'"a__pre—determlned. elevatlon. The Ahnlng dam and Beris dam
_should be operated to supply water during the above-mentioned

critical period.



'9‘- PrOposod Damsite and Reservoir Area

The - proposed Berls damsite is located in the narrow val- ’
ley of the Beris rlverr 1. 6 km upstream of its confluence with -
the Muda rlver.‘ The rlverbed is at Bl. 50 m.. The reservoir
area would. extend 1nto the hilly region to the southeast of

‘the damsite. The upstream area has a mildly undLlatlng tar-

rain with low relief.

The prOposed damsite and reserv01r area are 51tuated 1n'
the geologlcal provlnce of the Triassic Semanggol Formatlon of
sandstones, shales, grltty sandstones and conglomerates “Inst+-

rusive granite is encountered at the upstream end of the ‘re-

serv01r ared.

~ The river channel, 20 m in width, adjoins mountain sidpés
of 30° on both banks of the damsite. It'frequently'exooSes'
bedrocks such as gritty sandstones and conglomerate, while the'
river deposrts are shallow and at .a steep slope of about 1/:
100, There are no signs of faulting. A saddle damsite would
be requlred about 700 m to the northeast of the main damsite.
The lowest ground of the saddle is at EL. 70 m. The topo-
graphy at this site is gentle, with an overburden 4. m to 10 m
in depth. Eaulte perpendicular to the dam axis were inferred

at the middle and at the right side of‘the proposed site.

The present land use in the proposed reservoir-arearof.
1,597 ha includes 492 ha of rubber plantations, 143 ha of
paddy fields, 261 ha of residential and mixed cultlvatlon
areas, 561 ha of unalienated forest and 140 ha of allenated
forest. Out of 510 houses in Kg Batu Seketul, Kg .Sg.'Bdtang
and Kg Terenas, 336 houses and a 4.2 km stretch of the Naml?

Sik road are located in the area.

5-10 .



10, Proposed Facilities
-The_main components of the proposed Beris dam will be the

division facilities, main dam, spillway, outlet works, saddle

dam and relocated road.

) The river at the damsite would be leEIth through a
.dlver51on tunnel and the dam foundatlon would be kept dry by
belng protected from fioodlng by upstream and downstream cof-
_ferdams, in order to carry out the construction work of the
ma:n dam under a dry condition. A dlver51on tunnel of ?15 m
~in length and 1/54 in’ slope would be drlven through the right
abutment of the maln dam. It will requlre a concrete llned_
_horseshoe shaped CYoss sectlon 5m in dlameter w1th a capacity
of 200 m /s The permanent closure would be lnf_a concrete
-mplug system after Elosure of the tunnel by stopklogs.. The
upstream Cofferdam would be a concrete gravity dam and the

downstream cofferdam a random f£ill dam.

. The main dam would be a concrete grav1ty dam of 41 m in
the max1mum helght, 150 m in crest ‘length and 55 x. 103m3 ln
volume, The crest elevation of the dam is set at El. 89 nm,

.whithallows wave height above the maximum water surface.

‘The reservoir maximﬁm'flood water level would be El. 87.7
' $. ‘The normal high water level woﬁld be El. 85 m and the low
 water'1eve1 El. 69 m. The active storage capacity would be
102.4 x 1053, | | |

:A"spillWay'_wouldf'be' provided to release surpius water
which cehndt bescontained-in'the reservoir, It would be'dea
: signed'te-secure safety against the probable maximum flood.
The splllway would be located in the centre of the main dam
“with a non—gated ogee crest at El. 85 m. 'The downstream face
'_of_the ‘dam - would beeutlllzed as the chuteway with a concrete
lined‘horizentel'apronvtype'enequ dissipator at the foot of
the dam. The width of-the spillway'would bhe 20 m, being lim-
ited by the wiath'of the valley,



outlet works woald be prov1ded in the main dam,_tO-rem
lease water from the reservolr to fhe rlver course downstream

at' varying rates between 0,2 m /s and 15 ® 3/s as required by

downstyeam water users., The outlet works would cons;qt of two

sets of facilities each capable of 15 m /s, and each set cCom~ -
prising an intake on the upstream face of dam, a steel pen=
stock embedded in the dam body, a guard valve and a hollow jet
valve 1.5 m in diameter, and a high pressure slide gate valve
of 0.6 m in diameter. The intake will have a temporary . low 

" level opening to release a minimum discharge during the lnltl—

al filling of the reservoir.

The proposed saddle aam would be a zoned rockfiil dam
with a central earth core 28 m in.maximum height, 160 m in
crest length and 121.6 x 103m3 in volume., ‘The crest elevatieh
of the dam would be at El., 90.5 m. The upstream slope would -
‘be 1:2.3 and downstream slope is 1:1.8 with a crest width of 8

T,

A new 12 km 1ong:road would bhe COnStfuqted to relocate
the flooded section of the Nami-Sik road with an effective
width of 5.5 m. Tt would include a 300 m long bridge over. a

narrow section of the reservoir,

A small scale hydropower development would be p0881ble
for the Beris dam project by utilizing potentlal of outflow
discharge when the reservoir would be operated to meet the
downstream water demand. The power station would be able to
be operated approx1mately for 7 months a year and the annual
energy output of the power station ‘was estlmated to’ be 4, 05
GWh on average with an installed capac1ty of 3, 000 kw  The
net present wvalue of lncremental (B-C) in case of the-poWef
station being added was, however, calculated to be negaEiVe-at'
the interest rate of 8%. The hydropower development at the

Beris dam is not economlcally justlfled



il.. Construction Schedule and Cost

It is estimated that it will take 21 months for pre-
construction work, 31 months for construction and 12 months
For the initial filling of the reservoir. Assuming that the
Beris dam should be commissioned at the bégihning of the Sixth
Malaysia Plan (6MP) period, the construction work should be
carried out between June 1987 and December 1989.

~ The cOhsEruction cost of the Beris dam is estimated to be
'M$96;590,000 comprising M$20,450,000 of'foreign currency and
M$76,140,000 of local cﬁrrency, including allowance for price
escalatlon at a rate of 5% per annum for both forelgn and

local currency portions as summarized below:

BREAKDDWN OF CONSTRUCTION COST
. 3
Unit: MS10

Foreign Local

_ Itém Component Component Total
1. River Diversion Works ' 790 1,360 2,150
2. Main pam 1,800 8,200 10,000
3. Stilling Basin 90 620 710
4. River Outlet _ 1,200 200 1,400
5. Saddle Dam | 1,100 3,270 4,370
6. Relocation Road 1,520 5,710 7,230
7. Preparatofy Works 1,000 3,040 4,040
8._Compen$a£ion - - 25,700 25,700
9. Engihééring Services and

Government Administration 5,900 2,500 8,400
(De81gn and Superv151on) ’

10. Cont1ngenc1es

Phys;cal.contingencies 2,680 10,120 _ 12,800
Price escalation _ : . 4,370 15,420 12,790

" Sub-total. | 7,050 25,540 32,590
' Grand Total’ : ' 20,450 76,140 96,590



12, Land Acquisition and Resettlement

TLand acqu151tlon costs would" consist of compehsation
costs’ and relocation costs of publlc fac111tles in the propos-
ed reservoir area. The compensation costs would include those
on fhe agricultural land, forest alienated to private persons
and displacement of families. The public' facilities to bhe
relocated would 1nclude part of the Nami-Sik rocad, a low volt-
age power line, a mosque, a school, a surau, a cemetery, a
hospital and other public buildings. Among them the - reloca*
tion costs of the Nami-Sik road and 1ow voltage power line are
herein excluded from the land acquisitién cost -and included in
the direct construction cost. fThe land acquisition costs are
estimated to be M$25.7 X 10° baseda on the preSeﬁf. market
prices and information provided by_the Kedah Economic Develbp;

ment Authority (KEDA).

A resettlemént plan hae heen worked'ou£ for reference.
Under the condition that a detailed socio-economic survey is
still to be conducted, it was assumed that new land should be
developed and provided to allow the same land use as enjoyed
at present in the proposed reservoir area. It shuold be noted
that the resettlement. plan in this Study is prellmlnary and a
definitive resettlement plan bhould be prepared on the ba51s
of the results of the detailed socio-economic: survey to be.

carried out before the detailed design etage.'

The proposed resettlement area for residenﬁiai/ mixed
cultivation area and paddy fields is located to the ! east of
the Nami-Sik road about 3 km to the northeast of Kg. Batu
Seketul, The present land use comprises 100 ha of forest re-
serve and 300 ha of rubber plantation. Thejmos@ue and:other
public facilities would be relocated here_alsd. _Therefis also
'a proposal to develop 500 ha of rubber plantation in the for-:
est reserve along the proposed relocétioh._road and 'on..the
wastern side of the existing_Nami"Sik road heaf'ﬁhe proPeeea

resettlement areas. The whole of Kg. Sg. Batang and the sub-
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merged par£ of Kg. Batu Seketul would be resettled in this
area, but no resetfiemént plan has been proposed for Kg.
Terenas, of Wthh the submerged- part it is assumed would be
absorbed into ‘the remdlnlng part of Kg. Terenas. The cost of
thlS resettlement is estimated to be M$18.5 x 106 If compen-
sation for the removal of Kg. Terenas is added to this amount,
the total cost would be approximately equal to the land acqu14
sition cost as mentioned above.



13, Bconomlc Analy51s

. Phe benefits and costs of the project have been eqtlmated
at the price levels at the end of 1983 and - the evaluathn

period has been taken as 50 years starting from the beginning

of 1984,

Tn estimating irrigation benefits, it has been assumed
that all water demand and available water remain at the level
of 1983 under  the without-project condition. On the other
_hand, under the w;th project condltlon, it is ~assumed ‘that
there w1ll be tertiary development in the MADA area and other
minor irrigation development and that the water demand will
increase as pro;ected . The economic farm gate prlce of paddy_
was estimated to be M$548/ton at 1983 constant price level
based on the international price projections made by IBRD_
Introducing certain assumptions on crop yleld and crop inten-
sity under with- and without-project condltlons, the_lncre*
mental benefit after full development with'sufficient'water is
estimated to be M$129 x’lO6 per- annum for the Kedah riﬁer Sys-

tem and M$31 x 106 per annum for the Muda-Perai river system.

Benefits arising from domestic and industriél water sup-
ply were estimated from the cost of the proposed Tawar-Muda
dam as the least costly alternative facilites, The:unit &alue
of water would be dependent on the magnltude of the water de-
ficit and was estlmated to be M$0. 24/m " for the Kedah river

system and M$0.58/m for the Muda-Perai river system,

The financial cost of the Beris dam projéc£ was conﬁerted
to the.economic cost by means of the national econémic convér;
sion factors prepared by EPU. The compensation'cost 6n‘land'
was excluded but the agrlcultural productlon forgone due tof

flooding of the land was counted as an annual cost

The economlc cost of the Beris dam was estlmated "to - be
MS43.67 x 10 of 1nvestment cost and MSO0.13 X 106 of annual

_ costs including the productlon forgone and 0sM costs.
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_ The economi¢ internal rate of return (EIRR) of the Beris
dam was calcu1ated't0 bé_14.8% for Alternative 1 {Muda Priori-
ty); l4.8% for Alternative 2 (even distribution) and'14.6%'for
A'_lter'n_ative 3 (Kedah .'Priority). This is satisfactorily high
for any of the Alternatives. Thus the préject is justifiable

from the economic point of view.

For the overall water resoﬁiées'develobment, it was found
_that the'implementation of the Reman dam in-addition to the
Beris dam would be economically justified, but that no further
devélbpment would be justified._’lt is3recomménded, therefore,
that any water deficit arising after the implementation of the

Reman dam should be dealt with by means of water rationing,



14. Financial'Analysis

According to the separable costs. - remaining benefit
method, the construction cost of the ‘Beris ‘dam of M¢96 59 'x
106 shou1d be allocated to the agencies concerned as follows

Unlt MSIO

 Redah  Kedah P. Plnang P, Plnang
. MADA DID PWD DID . " PWA .
Alternative 1 33,14 47.65 4.70° 4.60_ 6,50
Alternative 2 36.70 45.95 4.86 2,58 6.50

Alternative 3  60.07 33.61 2.91 0 0

The O&M coats of the Beris dam to be allocated to 1rrlga-f.
tion purpose were ‘estimated to be MS$0. 024/m for MADA and
MS50, 025/m for minor 1rr1gatlon prOJects - These chtS'cdﬁld
be charged to the benefited farmers, as the 1ncremental capa- .
city to pay is estimated to be MS$0. 049/m - MSO 059/m The
cost of water for domestlc and 1ndustr1al water supply was
estimated to be M$O. 26/m for PWA and M$O 24/m for Kedah PWD;
which include amortization of cap1+a1 and O&M costs, belng of
the same order of present rate for domestlc water use, These'i
costs will push up the prevalllng water rate, belng mlxed w1th '

costs of other existing facilities.



i5.: Supplemehtal Study
As a Supplemental study, the water demand and supply bal-

ance was calculattd on the assumptlon that new minoyr irriga~ -

tion schemes in the Reg1on will not be 1mplemented after 1983.

The reductlon of water demands and deficits due to the
'rev1510n of minor 1rr1gat10n watey demands are summarl?ed as
follows together with the prev1ous_est1mates with new mlnorn
irrigation schemes (called as original) ;

B Unit: 10%°%

- : tOriginel Revised Difference
~ Demand 1990 ' S
Kedah rlver - 1,396 1,386 10

 Muda-Perai river 655 581 74
Demand 2000 . “ o
_' Kedah river 1,474 1,434 40
©° Muda-Perai river 887 770 117
Deficit 1990
' Redahfriner 358 354 4
 Muda-Perai river 12 7
-Deficit 2000 _ _
Kedah river 399 384 15
' Muda-Perai river 23 12 11

As for the operatlon rule. of the Jenlang weir, the Cell*
Jng dlscharge for Alternative 2 should be revised to be 10m /s
'due to’ changes in the water deficit in the Muda river. On the
other hand, by the reductlon of water in the Region, the pos-
sible off—season crop area of the MADA area would be increased
.._by about 3% of the total MADA area in 2000.

_ The 1nterna1 rate of return’ (EIRR) of the Beris dam would
'be 15 3% for. both" Altevnatlves 1 and 2 and 14.9% for Alterna-

tlve 3 for the rev1sed water demand



The construction cost of the Beris dam would be allocated

to agencies concerned as follows:

Summary of Cost Allocation for Revised Water Démand I
- Unit: M$10°

MADA Kedah " Pulau Pinang
_ DID . PWD DID PWA:
Alternative 1 '58.72  19.26 - 6.64 5.12  6.85
. Alternative 2 62,44 18.46 6.86 1.95 6.88
0.0

Alternative 3 74.58  17.96 4.05

0.0



16, Legal and Instltutlonal Arrangement

The Federal Government is g01ng to establish- a legal sys-
- tem tor the efficient lmplomentatlon of water resources poli-
cies- 'and plans and for. the promotion of uniformity among
water_related laws enforced by the States. '

. As . 1nter1m measures untll the abovehmentloned legal sys—
_ tem is establlshed it was recommended to make agreements be-
[;tween the Federal Government, the State Governments of Perlls,
Kedah and Pulau Plnang, and MADA in order to- promote ‘coordina- .
:ted actlons for the req10na1 water resources development and

management._ Follow1ng agreements are recommended:

(l) Master Agreement-_

' has been proposed in Part 1 Study ‘and the following
'fthree matters are addltlonally proposed in this
‘Study.

- Prlorlty to take water,
~ An 1mplementatlon and management body, and
= Establlshment of a Federal States Committee.

{2) Regional Water Resources Master Plan;

as proposed in Part 1 Study.

(3)'Agreemehts.oﬁ_Procedure and Methods;
"' ‘should ‘include methods and procedures of
- integrated'OperatiOn of source facilities,
- Jeniarng system operatlon,
5_cost allocatlon,
fﬁ_monltorlnq of 1ntakes,
-:J'reductlon in off-geason crop area in the MADA area,
and

-,watef’saﬁing in the case of drought,

As an lnterlm measure untll the institutional system re-
commended by~ NWRS is 1mplemented it is recommended that a
Eederal States Committee should be established with the objec~-



tives to establlsh prlnC1ples and’ to ccordlnate actions in

case of extraordlnary drought

S It is recommended that the National Water ResourCeS’Deve—
lopment and Management Corporation should be establlshed as an:
executing agency, to whlch the construction, operatlon and
maintenance and monitoring of water'uses be entrusted. ~The
Corporation shall have the head office, regional control cen-
ters and site offices. The development expenditure of source
facilities shall be fransferred from the agencies Wthh are
resp0n31ble for the 1mplementatlon of the facilities, _ Opera_
tion cost shall be charged to the agencies in accordance with

the recurrent cost shearing.
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Length 1 ém = 0,394 inch 1 inch =.2.54 cm
T lm = 3.28 ft = 1.094 yd 1'ft = 30.48 cm
1 km = 0,621 mile 1yd = 91.44 cm
: ‘ 1 mile =.1.60% km .
Area 1 cm? = 0.155 sq.in’ 1 sq.ft = 0.0929 m?
1 n? = 10.76 sq.ft 1 sq.yd. = 0:835 m?
1 ha = 2.471 acres 1 acre = 0.4047 ha:-
1 km2 = 0.386 sq.mile ! sq.mile = 2.59 km?"
Volume 1 em® = 0.0610 cu.in Lou.fe . = 28:32 lit
' 1 1it = 0.220 gal. {imp.) 1 cu.yd. = O,?@S,ms
1kl - = 6,29 barrels ‘1 gal.{imp.)= 4.55 1it
1. m3 = 35.3 cu.ft -1 gal.(US) . = 3.79 lit _ -
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Weight  1g = 0.0353 ounce 1 ounce - = 28.35g
: 1 kg = 2.201b 11b = 0.4536 kg
1 ton = 0,984 long ton 1 long ton =_1.016: ton
’ = 1.102 short ton 1 short ton = 0.907 ton
Energy 1 kwh = 3,413 BTU 1 BW = 0,293 ®wh
. Temperature  °C = (°F - 32)-5/9 °F = 1,8°C + 32
Derived 1 ﬁ3/s,2 = 35.3 cusec "1 cusec = 0;02835ﬁ3?5 O
Measures - 1 kg/em” = 14.2 psi 1 psi = 0.703'kg/cm2_'
1 ton/ha = 891 1b/acre - 1 1b/acre = 1.12 kg/ha:
108 m3 = 810.7 acre=ft 1 acre~ft = 1,233.5 m” "
Slwd/s = 19.0 mgd 1 wmgd = 0.0526 m3/s
Locai. 1 1it =.0.220 gantaﬁg ' 1 gantang = 4.55 lit
Measures L kg = 1,65 kati 1 kati . = 0.606 kg
: 1 ton = 16.5 pikul .1 pikul =

160.6 kg

Exchahgé'ﬁate:
{at the end of 1983)

M§2,312
M$0.998 -

ugsl
¥100
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1. INTRODUCTION

1.1 Study Objective

The Perlis-Kedah-Pulau Pinang Regional Water Resources
Study (the Study} has been carried out in order to formulate
"an integrated water resources development and management plan
for the Perlis-Kedah-Pulau Pinang Region (the Region}, to ena-
ble decisions to be made by the federal and state governments
for 'implementation. of water resources development projects,

The Study was phased as follows,

Part 1-{(December 1982 to February 1984) to formulate a
long-term master plan for water demand and supply balance,
flood mitigation and water pollution abatement, based on eva-
luation of present and future water resources problems and

available resources.

It was demonstrated, in the Final Report for Part 1, Fe-
bruary 1984, that the proposed Beris dam among proposed pro-
jects should be implemented by 1991, in addition to the on-
going projects, in order +to meet the immediate and future

water demand in the Region.,

Part 2- (December 1983 to March 1985) to study the feasi-
bility of the Beris dam, to show detailed justification and

other information for the implementation of the dam,

More specifically the objectives of Part 2 Study weve:

{1) to make recommendations on water allocation and an
integrated operation plan for the existing and pro-
posed facilities;

{2) to prepare a preliminary design and cost estimate of

the Beris dam project}



{(3) to evaluate the Beris dam project from the economic,

financial, social and environmental points of view;
and
(4) to make recommendations on the implementation of the

Beris dam project.

1.2 Technical Cooperation

The Scope of Work for the Study was agreed on September.
25, 1982 between the Government of Malaysia and the Japan In-
tefnational Cooperation  Agency (JxCca), the folClal agency
responsible for the implementation of the technical coopera-
tion programs of the Government of Japan. The Study was en-
trusted by JICA to the Study Team, which had previously con-
ducted the National Water Resources Study, Malaysia.

The Government of Malaysia appointed Counterpart Offi-
cers. The Government of Japan seconded a Colombo Plan Expert
in'order to support the Study. The Study Team members and the
officials of the two Governments who directly participated in

Part 2 Study were as listed in Table 1.

To guide the Study, the Government of Malaysia establish-
ed a Steering Committee chaired by Mr. Ali Abu Hassan, Direc-
tor of Infrastructure and Utility Division, Economic Planning

Unit (EPU) of the Prime Minister's Department.

The Steering Committee was assisted by a Technical Commi-
ttee chaired by Ir. Cheong Chup Lim, Deputy Director.General
of the Drainage and Irrigation Department (DID). An Advisory
Committee was established by JICA to review the findings by
the Study Team, It was chaired by Mr. Y. Itobayashi, Director
of 1st Construction Department, Water Resoﬁrces.Development
Public Corporation, throughout Part 2 Study. The Steering
Committee and the Advisory Commlttee maintained close liaison

by meeting regularly to exchange views on  the Study. The



members of the Committees during Part 2 Study were as listed
in Table 2.

1.3 Study Contents

Part 2 Study comprised:

(1)

{2}

(3)

(4)

damsite and reservoir area surveys including topo-
graphical surveys, aerial photo mapping, core. dril-
ling, seismic exploration, material surveys, materi-
al tests and land use study to supplement informa-

tion obtained in Part 1 Study;

socio- and agro-economic studies to update the pro-
jections in Part 1 Study based on the Mid-Term Re-
view of 4MP in socio—-economy, domestic and industri-
al water supply, agro-economy and irrigation deve-

lopment;

planning and.design including additional hydrologi~
cal studies, integrated dam operatibn planning, pre-
liminary desigh of the project facilities, construc-
tion planning, bost estimates and analysis of pro-

ject's impacts; and

legal and institutional study including the study of
subsidiary agreements to the "master agreement"”

which was proposed in Part 1 Study.

1.4 Final Report for Part 2

This Final Report for Part 2 consists of a Main Re?ort

and 12 Annexes; sectoral reports to support the Main Report.

The studies in most  sectors were detailed study based on the

methodoiogy and assunptions which were employed in Part 1

Stuay.

It is, therefore, advisable that the Main Report and

Annexes of Part 1 Study be referred to for a more comprehen-

sive description of the study procedures.
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2. BACKGROUND

2.1 Perlis-Kedah-Pulau Pinang Region

The  Perlis-Kedah- Pulau'Pinéng Region (the Region) is a
group of river basins in the northern part of the west coast
of Peninsular Malaysia. The Region encompasses routhy the
States of Perlié, Kedah and Pulau Pinang, but it does not in-

clude Pulau Langkawi and the Kerian river basin.,

The populatlon of the States of Perlls, Kedah and Pulau
Pinang in 198Q was 2.2 x 106'.of which 0.67 x 10 wasuurbén
popﬁlatiqn. The'Reqionis economy is typically agricultural in
thé:States of Perlis and Kedah, with tree crops for exports
and rice production which amount to more than half of the
national production, while it is industry based in the State

of Pulau Pinang'following to the Kelanyg valley's.

The main uses of water are for domestic and industrial
water supply-and for irrigation. The public water supply sys—
tem is well developed, its service factor being 83% in Perlis,
68% in Kedah and 82% in Pulau Pinang. There are 133,500 ha of
irrigéted paddy fields in the Region, including 95,200 ha in
the Muda irrigation'project, The two-crop system is predomi-
nant. Existing dams are the Pedu, Muda and Ayer Hitam dams.
The Kedah and ‘Muda barrages are tidal barrages.  The Perai

barrage is a flood retention barrage,

. Nétural runoff can only be utilized to a limited extent,
because it varleF widely. It is estimated that a large water
deflclt takes' place every year. in the Kedah river system,
though.the Pedu and Muda dams can regulate the runoff to a
great extent. In fact, insufficient water results in the can-
cellation of the off-season crop once in 6 years in the MADA
area; There is no water deficit in the Muda river, which‘CarF
fies the largest amount of water in the Region, except in oc-

~casional dry years.



Rivers often overflow and 1nundate the land bhecause of

but damage from floods does not
the annual flood. damage

‘their small channel capacity,
occur annually. QOver a long average,
is estimated to be M$9 x 106 and the populatlon affected to be

25,000 under the socio~economic condltlon in 1982.

Most rivers in the'Region can be classified as. clean to
mildly polluted in terms of BOD, but tributaries of the Merbok
river and the main stream of the Juru.river are highly pollut-
ed. The major pollutant sources are_towns,'rubber factories,

palm oil mills, sugar mills and Sanimal husbandry.

2.2 Main Conclusions of Part 1 Study
2.2.1 Water demand and supply balance system

- Tertliary develdpment in the MADA area is being carried
out to increase and stabilize paddy productioh, Miner'irriéa—
tion development is being promoted, in order to veduce the
disparity in farmers' -income between +the MADA area and the
other areas. The increased share of nmnufactured'goode in
exports as well as better urban living standard arxe inducing
the continuous concentration of the-populatien and industries

into Pulau Pinang.

‘The tertiary development in the MADA area_may redece_ﬁro;
duction costs, but it cannot increase paddy production, as
long as a large water deficit persists as it does in the Keaah-
river system. Minor irrigation development will agqravate the
water deficit in the Kedah river. A rapid increase in domes-
tic and industrial water demand in Pulau Pinaﬁq coupled with
minor irrigation development in the Muda river basin will in-
crease the water deficit in the Muda river in volume and fre-

quency.

Some source development'projects.are under construction
or committed for implementation, in order to remove water de?

ficit. The Timah-Tasoh dam and Arau dam envisaged for irriga-



tioﬁ and flood COntrol can balance the water demand and supply
in the Perlis river up to 2000, The Ahning dam will be con-
structed in the Kedah'river_system for the purpose of water
supply in Alor Setar and power generation. The Mengkuang dam
 in'the Perai river system. is being constructed by the Pinang
Water Authority for the purpose of water supply. The Jeniang
system is contemplated to divert water from the middle stretch

of the Muda riVef't0 the MADA area.

The existing Pedu and Muda dams, as well as the ongoing
Jeniang system and Ahning dam all aim at balancing water de-
“mand and supply in the Kedah river system, but thesé source
projécts are still not enough to meet all the water deficit.
Implementation of ‘additional source projects is necessary for

reliable supply of water,

An analysis in Part 1 resulted in a recommendation that
the Beris dam among the proposed 6 dams should be implemented
in the immediate future, in addition to the Jeniang system and

the other ongoing source projects.

There are other potential source projects, though they
cannot be implemented in the immediate future, due to either
socialfpolitical constraints or'immaturity in investigation,
- The residual water deficit should be mitigated by minimizing
water demand for the time being. The potential projects to be
Cdnsidered for greater reliability in supply are tithe Reman

dam, Merbok storage and-Khlong Thepha dam.

2.2.2 Flood mitigation plan

Major flood problem areas are Kangar, Kuala Néranq, Kuala

Ketil, part of Butterworth and Georgetown.

A flodd mitigation plan was proposed with an assumed tar-
get to reduce more than 50% of affected populatioh and damage
by 2000. The plan includes.the undertaking of 93 km of chan-

nel impfbvement, cohétruction of a 22 km prass floodway, 2



dams and a retarding basin on the assumption of high economic
growth (High Growth Case}, and the improvement of 70 km chan-
nel, construction of 2 dams and a retarding basin in the case

of low economic growth (Low Growth Case} .

2.2.3 wWater pollution abatement

Increased water use will cause aggravation in river water.
quality in the future, though at present water pollution is

found only in limited river stretches.

A water pollution abatement plan is proposed, on the as-
sumption that the standard BOD concentration will be less than
5 mg/l in a river stretch where an intake is located and less

‘than 10 mg/l elsewhere.

It is recommended that all rubber factories, palm oil
‘mills and sugar mills should install adequate treatment faci-
lities for their effluents as required by DOE, sewerage system
should  be provided in Kangar, Alor Sétar; Sg.  Petani and
Kﬁlim, and the ongoing sewerage development for Butterworth

and Georgetown should be continued as scheduled.

The requirement of river maintenance flow was :studied
from the view point of preserving river water quality. Other
aspects of river maintenance flow are not significant in the
Region., In the upper and middle stretcheé'of £hese riveﬁs,
water can be kept clean because runoff is augmented by'stofed
water for the downstream water use or the pollutant load is
very small. BAugmentation of runoff for the speciél'purpdSe'of'
pollution abatement is nécessary, however; in tﬁe lower reach¥

es of the Perlis and Kedah rivers.

2.2.4 Legal and institutional arrangément
If the Jeniang system is implemented the major rivers in
the Region will constitute a single system from the viewpoint

of the water demand and supply balance,. 'For the proper deve-



lopment and management of this region-wide water resources
system, it is necessary to make some legal and institutional
arrangement so that the States of Perlis, ¥Kedah and Pulau
Pinang can'enjpy reasonable and equitable shares in the bene—
ficial use of waﬁer'and_they may collaborate in the develop-

ment and management of water source projects.

‘ The arrangements necessary for regional water resources
development and management will be stipulated in the National
Water Code which is being prepared by the Government. As an
interim measure before the Code is enforcéd, it is recommended
~that the:"master agreement" be made améng the Federal Govern-
ment and the Governments of the three Staﬁes;_ The agreement
should.stipulate'that (1) a regional wéter resourceélmaster
plan shall be formulated and authorized by the Federal and
State Goyernménﬁs, (2) the allocation of water in the Region
to each State shall be agreed upon by the three States, (3)
all source facilities in the Region shall be integratedly ope-
ratéd according to rules approved by the three States, {(4) the
- costs for the develdpment'and management of water source faci-
lities. shall be equitably' allocated among the Federal and
State Governments, and (5} the Federal Goﬁernment shall submit
an arbitrétidn proposal at the request by one of the three

States, if there is a dispute.

2.3 Updating of Socio-Economic Projection

The socio-economic projection in the Study were made not
fof mékihg ény proposal for the socio-economic development but
to'pfovide_ceftain socio-economic figures conceivable for the
future according to the context of the Malaysia'Five Years
Dévelopment‘Plans to the extent necessary for the water demand

prbjection.

The socio-economic projections were based on the fourth

Malaysia Plan (4MP) in Part 1 Study but updated in Part 2



Study based on the Mid-Term Review (MTR) of 4MP, which was

publlshed after Part 1 Study was completed
The main differences between 4MP and MTR for 1980 and
1985 were as follows: the oopulatlon of Malay51a has declined
by 4.5% based on the final figure of 1980 Census (Ref. 1.
The average annual growth rate of gross domestic: product {GDP)

between 1980 and 1985 was adjusted from 7.6% to 6.7% based on .

actual data to date.

The tables entitled "Malaysia: Gross Domestlc product by
Industry of Origin and State" for 1980, 1983 and 1985 shown in
MTR were the pr1n01pal references for prOJectlng populatlon
“and GDP. The same table for 1971 in 4MP was also referred to.
No progected flgures were published for years beyond 1985,_but
unpubllshed flgures of populatlon in Malaysia for 1990 and
2000 were prov1ded by the EPU Regional Section in June 1984
Regarding GDPP, the annual growth rate was assumed to be 7.5%
for 1985 - 1990, 7% for 1990 - 1995 and 6.5% for 1995 - 2000.
The EPU Macro Section had no objection to use of these flgures
for the pro;ectlon of water demand, during an explanatlon ses-—

sion made by the Study Team in June 1984,

The updated projection is summarized for population in:
Table 3 and for GDP in Table 4.

The new population progectlon is smaller by a. few  per-
centage points than in the preV1ous one, As for GDP projec-
tion in Part 1 Study, the projection follow1ng the flgures for
1980, 1985 and 1990 in 4MP assumed average annual qrowth rates
of 7.6% for 1980 -~ 1985, 8.4% for 1985 - 1990 and 7.5% for
1990 - 2000, The gross regional product (GRP) of the States
of Perlis, Kedah and Pulau Pinang in 2000 was estimated this-
time to be M$13.4 x 109, as against M$15.9 x 10° in the pre?

vious estimate,.

In Part 1 Study, the above-mentioned case was calléé High

Growth Case and another case assigning average annual growtha



rates of 6% for 1980 - 1985, 5% for 1985 - 1990 and 4% for
-1990 - 2000 . was named Low Growth Case. Only a case corres-
ponding. to High Growth Case is assumed in Part 2 Study, be-
cause the economy of the source facilities is little sensitive
to the economic dgrowth rate if all the water deficit cannot be
removed, as in this Region.



3., REGIONAIL WATER DEMAND- AND
SUPPLY BALANCE SYSTEM

3.1' Domestlc and Industrial Water Demand

public water supply is administered by the Water Supply
Division of the Public Works Department (PWD} of the State
Government in the States of Perlis and Kedah, and by the Pulau
Pinahg Water Authority (PWA), a state statutory body in the
State of Pulau Pinang.

According to the latest available figures, annual totals

of water supplied were 3 x 10°m> in 1978 by Perlis PWD, 45.6 x

10 -m in 1981 by Kedah PWD and 86.3 X 106m3 in 1982 by PWA.

Under.the Rural Environmental Sanitation Program {RESP)
with materials and teéhnicai advices from MOH, the state gov-
ernments have installed untreated water supply systéms in the
interior and isolated rural areas; by either taking water from
‘small streams or digging shallow wells equipped, with hand
 pumps. The population served by RESP in the three States was
166,000 in 1980. |

As a preliminary target for the public water supply sys-
tem development, which includes PWD/PWA and RESP systems, the
service factor for domestic water supply in 2000 was assumed
to be 100%. The servicé factor for industrial water supply
was assumed to be 90%, after revising the pfevious'éstimate'df
50% for the States of Perlis and Kedah on the advice of offi-

cials concerned.

The projected domestic and industrial water demands with- -
in the Region are summarized in Table 5. The domestic water
demand of 106 x 10%0% in l983_willlincrease to 256 x 106m3 by

2000, Industrial water demand of 95 x 106m3= in 1983 will grow

6_3
to 304 x 10 m” by 2000. Compared with the progected figures

in Part 1 Study, the domestic water demand is sllghtly adjust—

- 12 -



=ed,_but the industrial water demand in 2000 .in the revised
estimate is at about 67% of the previous estimate (High Growth
Case), corréspdnding to the reduction in GRP and adjustmént of
growth rate of water-intensive industries in the State of
Pulau Pinang  As a whole, domestic and industrial water de-

mands 1n 2000 in the Region were estimated to be 560 x 106 3,
which is 21% less than the previously estlmated 709 x 106 3
for ngh Growth Case. 1In the State of Perlls within the Re-

gion, the domestic and industrial water demand of 9 x 106 3 in

1983 will increase to 30 x 10°m> by 2000. 1In the State of
Kedah within the Region, domestic and industrial Water demand
* in 1983 to 199 x 10°n> ‘in 2000.
In the State of Pulau Pinang, domestic and industrial water
demand of 138 x 106m3 in 1983 will grow to 330 x lOGm3 by

2000.

will  increase from 54 x lOGm

3.2 Irrigation Wafex Demand

- According to the results of Part 1 Study, there were
121,820 ha of irrigation areas including the MADA area of
95,800 ha and 69 minor irrigation schemes of 26,020 ha (ex-
cluding éontrol drainage schemes) in 1982 in the Region. For
future development, .it was assumed that tertiary development
would be completed in the whole MADA area and all potential
irrigétion schemes would be implemented by 2000. Irrigation
areasrin 2000 were, thus projected to be 132,480 ha including
93,000 ha in the MADA area and. 237 minor trrigation schemes
covering 39,480 ha. In relation to the tertiary dévelopment
in £he_MADA area, the area not provided with tertiary develop-
ment  1is célléd the Muda I area, the area.of 24,800 ha deli-
neated for fhe'preSent tertiary development project is named
_the Muda IIIarea; and the area not included in the Muda II
.aréag but to be pro#ided with tertiary development in the
fu£ufe ié called the Muda III area. According to the results
of tertiary development to date, a reductioh in the irrigation
area -due to land acéuisitiou for the tertiary facilities was

taken to be 4% of the original irrigation area.



Kedah DID has 1, 864 ha of minor 1rrlgatlon schemea which

depend on water from the MADA canal through off- takes. These
schemes were called the MADA minor area in Part 1 Study,_but
they are now called the fringe areas, in accerdance with Kedah
DID's practice, Minor irrigation schemes of:5,604 ha 1ncludf
ing fringe areas of 2, 457 ha have been 1dent1fied by Kedah DID
and were assumed to be_lmplemented by 1990 in. Part 1. S8tudy.

The development of these new fringe areas, however, has been
totally omitted from the projections in Part 2 Study in ac-
cordance with - the policy recently expressed by Kedah State
authorities, because all the water shortage problem “in MADA .
cannot be solved even with possible water source development

hy 2000.

With the above-mentioned modifications,  the irrigatioh-
area in 2000 in the Region is estimated to be 127,724 ha, in-
cluding the MADA area of 92,000 ha, fringe areas of 1,864 ha

and other minor irrigation schemes of 33,860 ha.

A scheduled irrigation method was assumed forgéll the
irrigation areas in Part 1'Study, because foutine adjuStment
of water is difficult due to the slow response of field.hcis—
ture to water applied, in a system of low canal density; which

is predominant in the Region.

The scheduled irrigation method is heérein defined as a
method of water diversions at a rate which is pre~determiﬁéa
for eéch'lo—day period during the growing:period, 50 that:ede—
quate water is available exceﬁt under certain dry conditions.
This assumption has been followed in Part 2 Study for the
‘minor irrigation schemes but some differeﬁt assumbtions have

been assumed for the MADA and fringe areas.

On the basis of comments and opinions expressed in a
workshop which was held on July 9, 1984 at MADA headquarters,
the following modifications were made to the;irrigafion method

to be assumed in the MADA and fringe areas: (1} The tradition-



‘al hdrsery system is assumed instead of the separate nurséry
system, (2} soil saturation depfh is.assumed to be 125 mm iﬁ—
stead of 90 mm, and (3) a controlled irrigation method is in-
troduced.instead of the scheduled irrigation method, on the
assumption that the proposed telemetering system is implement-
ed,. '

In the_contfolled irrigation method, the diversion dis-
Charge:is préQdetermined for each week in the growing period,
as in the scheduled irrigation method. High.water level (HWL)
and low water level (LWL) are determined in a terminal plot,
The diversion discharge for a week is adjusted either to that
specified for the week if the watér surface in the terminal
plot is lower than LWL at the end of the previous week or to
- the Smalier one between the discharge in the previous week or
that Specified for the week if the water surface is between
HWL and LWL or to zero if the water surface is higher than
HWL,

The water demands in the MADA area were estimated to.be
1,278 x 10°m> for 1990 and 1,243 x 10%n> for 2000, which is
14% smaller than the previously estimated 1,485 x 10%0m3 for

2000.

Projectéd irrigation water demands in the Region are sum-
marized in Table 6, Totai water demand in 2000 were estimated

to be 1,959 x 106m3, or 13% less than the previous estimate of

2,246 x 10°°.

3.3 Water Demand and Supply Balance System

A diégfam of the water demand and supply balance systen
covering “the whole Region is illustrated in Figs. 1 and 2.
The SYStem related to the proposed Beris dam covers not all
but most parts: of the. Regibn, herein named the 'KedahQMuda—'
Perai river system. It encompasses the Kedah, Muda and Perai
river systems and most.riﬁers in Pulau Pinang. Water demands

in the Kedah~Muda-Perai river system projected for 1983, 1990

¢



aﬁd 2000 are summarized in Table 7 which needs to be. read in
conjunction with Fig. 3, which illustrates the .KedehuMdda—

Perai river system in a diagrammatic form.

Accordlng to the results of Part 1 Study, a river mnain-
tenance flows of 2.7 m /s in 1990 and 5.9 m /s 1n 2000 w;ll be
necessary in the Kedah river below Alor Setar to keep the BOD
concentration below 10 mg/l. This however assumes that sewer-
age deVeiopment and imprevement of effluent purlflcatlon_sys—

tem are implemented as proposed in Part 1 Study.

3.4 Water Def]c1t

Runoff occurring in the main stream is the natural runoff
deducted by water withdrawn by water users in the tributaries.
It reduces with increase in water uses . in the ‘tributaries.
Part of the runoff in the main stream is avallable for use,
put the much is discharged into the sea as flood flow., The
differenee between the water demand in the main stream and the
available runoff in the main stream represents the water defi~

cit. Water released from a dam reduces theIWater'deficit.

Water deficits in 1983, 1990 and 2000 were estimated for
the Kedah and Muda-Peral river systems by means of_a water
demand and supply balance model, assuming that only the exist*
ing dams such as the Pedu, Muda and Ayer Hitam dams were ope-
rated, The calculation was conducted on the ‘basis of 5-day
runoff record for 23 years between 1961 and 1983. The results
‘are shown in Fig. 4 as a relationship among estimated river
runoff, water demand, water'output from the existing dams ahd

water deficit in the main strean.

In the Kedah river syetem, the river ruﬁoff_consists of
the inflow into the Pedu_dam including water'divertea=from the
Muda dam and the residual runoff below the Pedu dam, A'smeil
part of’' the residual runoff is withdrawn by the water demend
in tributaries before coming into_the'main streamn, Theldifw'

ference between tributary water demand and tributary watex



withdrawal is tribytary water deficit, which cannot be elimi-
nated unlegsftributary flow is augmented during the deficit
period Water demand in the main stream comprises the irriga-
tion water demand in the MADA and fringe areas, that in minor
irrigation shemes, domestic and industrial water depand, and
river mainterance flow., The water demand in the MADA area
decreases with the progress of tertiary development. The
water demand is metlby uncontrolled river flow ahdxfegulated
outflow:from the Pedu dam., The difference between demand and
supply representé the water deficit in the main stream. Ac-
’c01d1ng to an analysis, the water deficit in the Kedah river
system is already very large and'occurs almést every year,
The water def1c1t ‘was calculated to be 408 x 10 m3 for 1983,
404 x:lﬂ m for 1990 and 444 x 106m3
for 1961 to 1983.

for 2000, on an aVerage

The Muda-Perai river system consists of the Muda river,
Perai river and ‘some rivers in Pulau Pinang. The water supply
system . in Seberang Perai 6iverts_ water to that in Pulau
Pinang, because the Ayer Hitam dam and the rivers in Pulau
Pinang cannot meet all the domestic and industrial water de-
maﬁd of the island. The water supply system in Seberang Perai
takes water from the Perai river and from the lower reaches of

the Muda erET via the River Muda Canal.

The Pinang Tungal, Sg. Kulim and Sg. Jarak irrigation
schémes located in the Perai river basin take water from tri-
_butaries.of the Peral river as well as from the lower reaches
of the Muda river. Consequently, the water demand in the main
stream of the Muda rivef -cémprises irrigation water demand
Solelj:dependihg on the Muda river and -the supplemental water
demands.of the water supply'system of Pulau Pinang and Seber-
ahg Perai and the Pihang Tungal, Sdg. Kulim and Sg. Jarak irri-
gation.éyStems. Available water in the main stream is uncont-—
'rolléd flow only unless water is released from the Muda dam.
According to an analysis assuming the hydrological condition

in 1961 to 1983, a water deficit will occur only bhetween



January and July, and mostly in March and April. It will be

quite small and will occur only in 9 years out of 23 years
under the 1983 demand conditions but will rapidly increase,
due to the increase in domestic and industrial-water demands
inﬁ the State of Pulau Pinang and to increased_ iprigation
demands. for minor irrigation development on tlibutariés and in
the lower reaches of the main stream in the State of Kedah
The 23~ ~year average annual water deficit was Calculated to be

6 3
2 x 10%m3 for 1983, 17 x 10°n® for 1990 and 35 x 10°m” for

2000.

The Mengkuang dam is under construction to increase the
capacity of the water supply system in Seberang Perai. Dburing
the wet season, excess water of the Kulim river and the Muda
river is pumped up into the Mengkuang reservoir with a 23,7 x
106m3 effective storage capacity. Water will be releaéed from
the storagé when a water shortage occurs in the water 'supply
system, The'averagé annual output of the dam was estimated to
be 5 x 10°m3 for 1990 and 12 x 20°n® for 2000 demand. The
average output appears small because the reservoir full

. capacity will be utilized only in very dry years.

The Ahning Qam is to be constructed for supply of water
to Alor Setar and for power generation, If there is aﬁy sur-
plus capacity, it can be utilized for other purposes as well,
The average annual output of the dam was estimated to be 46 x
10%0> for 1990 and 45 x 10%> for 2000,

In the cost allocation and analysis of the.effebt of a
water resources project, it was necessary to identify-the:per—
sons who would cause water deficit and those who would be af-
fected by water deficit. 'This problem was investigated 6n the
assumption that the Mengkuang and Ahning dams would be éoﬁu
pleted before 1990. B

Water users were classificed as follows:



For the Kedah river system:

(1) MADA; the major irrigation scheme in the MADA area

(2) Main minor; minor irrigation scheme depending on
offtake of the MADA canal  (fringe area) and the main
stream of the Kedah river,

(3) Tributary minor; minor irrigation schemes depending
on tributaries, where no source facilities are as-—

sumed - upstream,

(4) D&I; domestic and industrial water supply
;For'the Muda~Perai river systém:

(1) Main minor; minor irrigation schemes depending on

the main stream of the Muda river.

(2) Tributary minor; minor irrigation schemes depending

on tributaries of the Muda and Peral rivers.

(3) D&I; domestic and industrial water supply for Muda

and Perai river systems including Pinang island.

The water deficit 1is expressed as the average annual
volumé for the 23-year period. The water deficit in 1983
dffer the output of the Pedu-Muda dam is deducted is regarded
as caused by the existing water users in proportion to the
water demand. In the case of the Muda-Perai river, the with-
drawal from the  Muda main stream is regarded as the demand.
In future years, the incremental deficit will mostly occur
during the period in which the uncontrolled river runoff is
already uSed'ﬁp by existing users or when the incremental de-
mand of a purpose is larger than the remaining runoff, Thus
it is assumed that the incremental water deficit will be allo-
cated to users iﬁ proportion to the incremental demand after
1983. In other words,. the remaining river water will be al-
locdted to users in propbrtion to the incremental demand based

on the scheduled demand conditions in 1990 and 2000.



Let us assume that water demand and supply has been mar-

ginally balanced in a river systém A new water user .in a

tributary will cause water deficit to the e
in the main stream. A new water user in- the maln stream will

xisting water user

also do the same but he may suffer from water deficit, which
will be caused by himself. Consequently, the cause of a water
deficit is generally different from the area affected by the

water deficit.

The water deficit caused by one user affects the users
along the main stream. As described in the following chapter,
it was assumed that the D&I water: demand has prlorlty to take
river water over the irrigation water demand and therefore the
MADA and the Main minor irrigation projects are affected by
the water deficit in proportion to the water demand in the
Kedah river system while the Main minox irrigatidn only is
affected by the water deficit in the Muda-Perai river sYsﬁem.
Table 8 shows the estimated average'annual water deficit by
cause of water deficit by area affected by water deficit, in
which the net water output of the Ahning dam and the Mengkuang
dam has been deducted from the water deficit caused by D&I in
the Kedah and Muda-Perai rivers. In 1990 when the output of
these dams are larger than the water deficit caused'by D&,

surplus water will be allocated to other users,

The 23-year average annual water deficit in 1983 in the
main stream of the Kedah river was estimated to. be 409 x

106m3, mainly affecting the MADA area., It is classified by

cause to be 390 x 1061113 for the MADA area, 14 x 106m3 for

minor irrvigation schemes and 5 x 106m3 for domestic and indus-
trial water supply. The incremental water deficit between
1983 and 2000 caused by minor irrigation projecfs will be 15 x

10 m3 and that caused by domestic and industrial water supply

will be 11 x 106m3. Furthermore, 14 x . 106m3 of water deficit
will have to be added by the'incfeased river maintenance flow.
On the other hand, the water deficit caused by the MADA area

will be reduced owing to the tertiary development. Conse-



quently*the total water deficit in the Kedah river system will
be reduced by 10 x 10503 between 1983 and 2000. It is note-~
worthy that the development of minoxr irrigation.schemes con-
tributes significantly to water deficit in the main stream,
especially to the MADA area. Water deficit caused by domestic
and industrial water demand in 1990 was assumed to be-zero,.

due to the Ahning dam becoming 0pera£ional.

Water deficit in 1983 in the Muda main stream was esti-
mated to be 7 x 106m3 consisting of 6 x 106m3'caused by minor
irrigation schemes and_1 x 106m3.caused by domestic and in-
dustrial water supply. The operation of the Mengkuang dam
will reduce the water deficit caused by domestic and industri-
al water sup?ly to nil in 1990; Between 1983 and 2000, the
incremental water deficits will be 11 X 10%0> caused by minor
irriQatioh_developmenﬁ in the State of Kedah and 6 x 10%m°
caused by the increase in domestic and industrial water
demand, which could be further divided into 2 x 10°m® for the
State of Kedah and 4 x 106m3 for the State of Pulau Pinang.
On the other hand, the water deficit will be decreased by 1 x
1O6m3 ‘due to tertiary development of the minor irrigation
schemes in the State of Pulau Pinang. Overall, the incre-
mental water deficit will be 16 x 10%> in the Muda main

stream.



4. POLICY FOR WATER DEMAND AND SUPPLY BALANCE

4.1 Assumed Target of Safe Supply

Rlsk of safe supply is 1n01dental in balancing water de—
mand and supply. Water ¢can be supplled to a wide area, if a
large risk 1s aCceptable, but there is a limit that the risk

can be endured by the water users.

A water demand and supply balancé'planlshould be formula-
ted based on a target of safe supply, which is expressed by
some ?arameters'representing the risk of safe supply. Referr-
ing to design criteria in Malaysia, the target is herein as-
sumed, for the hydrological condition of the 23-year period
between 1961 and 1983, as follows: | |

For domestic and - industrial water supply, safe supply
should be guaranteed even under the driest condition. For
‘irrigation, (1) number of deficit year should not be more
than 5, (2) percentage of average annual water deficit to
average annual water demand should not be more than 1%,
and (3) the greatest percentage of water deficit in a
month to water demand in the same month should not'be

more than 50%.

4,2 Priority to Take Water

Irrigation water use should be reduced under é dry condi-
tion, while domestic and industrial water use is given an in-
violable priority in the target assumed in Secfion 4.1, Uni¥
form reduction in water use is not necessarlly pOSSlble and a

prlorlty order to take water is set among irrigation project.

The minor irrigation projects in the tributary basins de-
pend on unregulated flow, being designed against a drought
which occurs once in 5 years. Most of them are nmrginally.

viable, Moreover, these 'projects are generally small and
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spread. over a wide area. Water saving in these projects is
‘difficult and it may hurt economic viability of the projects.
It is recommended that the minor irrigation projects in the
- tributary basin should be given prlorlty over those dependlng
on the main streams

There is no socio-economic reason that priority orderxr
should be establlshed among the irrigation prO]eCtS which are
dependlng on the main streams, but the projects in the up-
stream reaches_usually have priority over those in the down-
stream reaches unléss.artificially regulated. Uniform water
saving can be conducted by adjusting water use in the upstream
‘reaches, because only a few intakes are located in the up-
stream peédhés of the main stream. ‘Tt is recommended that all
irrigation projects in the upstream reaches and downstrean

reaches of the main stream should be given equal priority.

An existinq project should have priority over a new pro-
ject, in principle, but it is recommended that the existing
and new projects should be given equal priority, for the time
being, because new projects have to be implemented though

water deficit already takes place in existing projects.

A study on the priority order between the Kedah river

basin and Muda river basin is described in Chapter 5.

4.3 Safe Supply Measures

Water demand in the Kedah river system is estimated to be

83% of ‘river flow, indicative that water resources in the
' Redah river,has been overexploited. It is further estimated
that the tafgest of safe supply assumed in Section 4.1 cannot
be attained unless water demand ‘is reduced, even if source

projects inciuding the Jeniang system are implemented.

It is necessary to adjust the off-season crop area in the
MADA area, in order to avoid frequent and serious drought dam-

‘age. = Off-season crop area should be 25% under the demand
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condition in 1983, unless avallable water is predlcted before
the off-season starts. An analy91s showed that the predlctlon
would be possible with a high accuracy ow1ng to the large
storage capacity of the Pedu dam, and offwseason Crop area
would be 54% on average under the 1983 demand condltlon. ‘It
is recommended that off-season crop area should be adjusted to
available water which is predlcted on the basis of the water

level in the Pedu reservoir before the off-season starts.
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5. INTEGRATED SOURCE FACILITIES
OPERATION STUDY

5.1 Alternative Water Allocation Rules at Jeniang Weir

The purpose of the source development is to alléviate the
water def101t with surplus water which would otherw1se run to”
the sea unused. Normally surplus water is found in the wet
season but-the_water deficit takes place in'the:dry season.
In the Kédaﬁﬁriver system, a large watér deficit takes place
even in the wet season and surplus water appears only occa-
sionally in times of flood. Surplus water diverted from the
Muda-Perai river system at the Jéniang'barrage'will be convey-
ed into the Naok dam. It will be released immediately to sup-
ply the wet season water deficit in the Kedah river system but
27 x 106m3 will be retained in the Naok reservoir for the use

in the next dry season.

“ Based on preliminary proposals in the Draft Final Report
of the Jeniang Teém_(Ref. 2), it was assumed that a double-way
canal or other means will be provided to enable the Jenlang
5ySteﬁ to command not only the southern area but the northern
area of MADA. " This assumption is only temporary because the °
feasibility of;the double way canal has not'been:proven yet.
Eiclusion'of.this assumption does not affect the feasibility
of the proposed Beris dam but the water output of the Jeniang
system reduces by 12 x 10%n /y

The-operétion rules for the Jeniang weir should neither
~cause. nor incdrease water’déficit'in the Muda-Perai river sys-
tem nor reduce the rlver flow immediately downstream of ‘the
weir below a determlned late, which it is assumed would be the
mlnlmum recorded yunoff of 2 m3/s between 1961 and 1983, In

relatlon to the allocatlon of water between the water users in

 ﬂthe Kedah river system and those in the Muda-Perai river: sys—

tem, three alternatlve rules of the Jeniang system have been

"~ examined:



Alternative 1: Assuming priority for existing and future
water users in the Muda-Perail river basin,
the Jeniang weir would be allowad to take
water, only if it does not affect the off-

takes above the Muda barrage.

Alternative 2: As a compromise, water deficit would be
allocated to the Kedah river system and to
‘the Muda-Perai river system in order to
attaih.the target of safe supply both in

the two river systems.

Alternative 3: Assuming priority for the Kedah river, the
Jeniang weir would be permitted to ‘take
water unless it would increase the water
deficit which would affect otherwise
existing and future water users up to 2000

in the Muda-Perai river system.

Nd restriction would be placed on releasing water over
the Jeniang weir to meet the downstream water deficit in Al-
ternative 1, but some ceiling should be set for Alternativés 2
or 3. The ceiling discharge over the Jeniang weir to neet tﬁe
downstream water deficit should be 15 m3/s for Alternative 2
and 2.5 m°/s for Alternative 3. These figure were derived
from éstimates of freguency and annual average and maximum
ronthly water deficits in the Muda river under conditions of

with and without the ceiling discharge.

5.2 Output of Jeniang System and Beris Dam

The average annual net water output by the Jeniang system
was estimated to be 182 x 10°m® for 1990 ana 185 x 10%3 - 187
x 10%° for 2000, on the assumption that the Pedu, Muda,
Ahning, Mengkuang'and Ayer Hitam dams will be operational. it
is noted that the annual Supply capacity of the Jeniang syétem
would be almost the same whichever of the above alternative

rules is adopted. The Jeniang system will not increase the
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average water deficit in the Muda-Perai river system under any
of the alternative rules in Section 5.1, though it way shift

the water deficit from one period to another.

The average anndal output of the Beris dam was estimated
to be 62 - 66 x 106m3. As the water demand in the Muda river
basin increaseé, the allocation of the Beris output to the
Kedah river system would increase from Alternative 1 to Alter-

native 3.

~The remaining water deficit with the Jeniang system and

Beris dam was éstimated to be 123 ~ 126 x 106m3 for 1990 and

169 - 171 x 10%n3 for 2000,

The output of the Jeniang syétem and Beris dam can be
calculated being divided .into the supply to the Kedah river
system and that to the Muda-Perai system, but the allocation

of output to the cause of water deficit is rather arbitrary.

As the basic information to show the distribution of the
responsibility for the implementation of the source develop-
ment projeéts; the output of the Jeniang system and Beris dam
and the remaining deficit were determinéd by cause of water

deficit from_the following assumptions.

The Jeniang system would be constructed to supply water
deficits in MADA, minor irrigation projects in the main
~ stream, and domestic and industrial water supply, both exist-

ing:ahd anticipated in the Kedah river system up to 2000.

_ The Beris dam would be constructed to cover all watev
‘deficit caused by the increase in domestic and industrial
water supply demand and by minor irrigation development in
tributaries in both the Kedah and Muda-Perai river systems,
and pért of the remaining water deficit in MADA and main minor

irrigation projects in the Kedah river and Muda-Perai systems.



A proposed allocation of outputs of the Jeniang 5ystem

and Beris dam to the causes of the water deflCltS, based on

the above-mentioned assumptions is summarlzed in Table 9.

1f the other potential source facilities, Reman and
Khlong Thepha dams would be 1mplemented, the remalnlng water
deficit in 2000 would be 42 X 106m for Alternative 1, 44 x
106m3 for Alternative 2 and 60 x 106m3 for Alternative 3. In
case that Merbok storage would be added for Alternative 3, the
remaining water deficit would be 37 X 106m3 but the Merbok

storage would not be effective for the other Alternatives.

Table 10 shows the net water output of the source facili-

ties and the remaining water deficit for the three Alterna-

tives.

5.3 Operation Rule

The future operation rule for the source facilities of
the Kedah-Muda-Perai river system was studied by trials and
errors, assuming operation at 5-day intervals under the hydro-

logical condition of the 23 years between 1961 and 1983.

The features of the major source facilities such as: the
Pedu-Muda dam system, Ahning dam, Jeniang system:and Beris dam

were assumed to be as shown in Table 11.

The objectives of the operation rule will be to makinize
the deficit supply by minimizing spillout and spreadihg the
remainihg water deficit over a long time. There will not be
sufficient water to irrigate the whole area in the offnseason
crop period from February to June if the water level in the
Pedu reservoir is not higher than El. 91 m at the beginning-of
February. In this case, the off-season crop area in the Kedah
river system will have_té be reducéd and'the_maximum outflow
from the Ahning dam restricted, according to the‘water-sufface
elevation in the Pedu reéervoir at the beginning of February.

If the drawdown in the Pedu reservoir during March is larger



than 6.5 m, the off-season crop area will have to be furthex
reduced.

If the water level in the Pedu reservoir falls below E1l.
75 m, water rationing will be required irrespective of the
time of the year. The maximum outflow from the Berls ‘dam
would normally be 15 m /s but it would be reduced to 5 m /s if
the water level in the Beris reservoir falls below El. 75 m,

For Alternative 1, however, it was assumed that the water
stored in'the'Muda dam should be released to-the Muda river in
an extraordlnary dry year when the Berls "dam cannot fulfill
the watexr deixc;t in the Muda river, even if two units of out-

let valve of the Beris dam are simultaneously operated.

5.4 Risk of Safe Supply of Alternatives

_ Table 12 shows the risk of safe supply in the main minor
irrigation in the Muda river assuming the hydrological condi-
tion of the 23-year period. 1In Alfernative 1, no water defi-
cit will take place even under the driest condition. 1In Al-~
ternative 2, number of water deficit yars will be 7 in 1990
and 8 in 2000, percentage of average annual water deficit to
average annual water demand will be less than 1% and the
greatest percentage of water deficit in a month to water de-
mand in the same month will be less than 30%. 1In Alternative
: 3,‘nﬁmber-of water deficit years will be 14 in 1990 and 17 in
2000, percentage of average annual water deficit to average
annual water demand will be 4% in 1990 and 8% in 2000, and the
greatest percentage of water deficit in a month to water de-
mand in the same month will be 65% in 1990 and 90% in 2000.

5.5 MADA Off-season Crop Area

_In the Kedah river basin, the planting area of off-season
cropping in. the MADA 1rr1gatlon area should be adjusted at the
beq;nnlng of February and April based on the water level of

the Pedu dam as described in Section 5.3. On the basis of the



operatlan study, the off~season Ccrop area in the MADA area was

estimated for velected combinations of source factlltles for
three Alternatives under the condition_that the target of safe

study is as assumed in Section 4.,1. Table 13 shows the ave-

rage crop area in the MADA area and its proportlon to the

total area for the 23-year period.

5.6 Recommended Alternative

If Alternatlve 1 is taken up, problem: regardlng the allo~
cation of water in the Muda river will be minimum betwéen the
States of Kedah and Pulan Pinang, because no water deficit
will take place in the Muda river, except in an extlaordlnarl—
ly dry year whlch was not experlenced between 1961 and 1983
On the other hand, the irrigation projects in the State of
Kedah will be operated under different risks of safe supply
accordlng to the river basins. Release of Water from the
river outlet of the Muda dam will be sometimes necessary.
That will reflect on the off-season crop area of the MADA
area, as estimated to be 76,000 ha or 80% of the total MADA
area on an average, being smaller by 1,000 ha than that of

Alternative 2.

Alternative 2 can meet the assumed target of safe supply
except the number of water deficit years.. Some deficits will
last only a short period. If these deficits are disregarded'
because of their weak lmpact, the target of safe supply will
be met also in the number of water deficit years. Equal pri-
ority 1s_assumed to the Muda and Kedah river ba81ns; but water
allocation pfoblem'will be more frequently sclved between the
States of Kedah and Pulau Pinang. 0Off-season crop. area in the
MADA area will be 77,000 ha or 81% of the total MADA area,

Alternative 3 cannot meet the aSSﬁmed taréet fer safe
supply in the Muda river, Pridfity of the recipient basin
over the donor basin is not persuasive. Off-season crop area
in the MADA area will be the largest of 80,000 ha, or 84% of
the total area. '



‘Alternative 3 is not recommendable becaﬁse of large risk
of safe supply in the Muda river. There is no decisive factor
for the selection between Alternatives 1 and 2. Only from the
v1ewp01nt of equal]ty in the Region, Alternative 2 is herein
recommended.

Three Alternatives are equally handled in the subsequent
descriptions.

5.7 Monitoriﬁg

For the purpose of dperating the source facilities in the
integrated river system, it is recommended that a control
center be established with responsibility for giving opera-
tional instructions to all the source facilities including the
Pedu, Muda, Ahning and Beris dams, and the Pelubang, Jeniang,:

Kedah and Muda barrages.

Furthermore, the follow1ng monltorlng points should be
established for the purpose of 1dent1fy1ng and quant1fy3ng the
water deficit for which the source facilities are operated;
the Pelubang barrage for the Kedah river and fhe Jeniang welr
for the MADA areé, which are located immediately upstream of
the major intake structures. The Victoria Estate hydrologic
station would be an appropriate monitoring point for the Muda
dowhstream area since the main demands on the Muda river come
from in the stretch between the station and the Muda barrage
and it can be assumed that the inflow from tributaries enter-
ing this stretch will be negligible. The station is located
near the boundary of the States of Kedah and Pulau Pinang.

- An approprlate communication system qhould he established
between the control center, the source facilities and the
monltorlng points. Because the'lOCations-of these facilities
are w1de1y dlspersed in the Kedah ~Muda river system, an exclu-

sive radio-communication system is recommended.



The control center _ehould collect information on the
water demands of all water users in the system at the:begin~
ning of every year and prepare demand tables for the monitor-
1ng points on a 5~day basis throuqhout the year. The demand
for off-season crops in the MADA area will have to. be deter-
mined, however, on the first of February and on the first of

April by referring to the Pedu water levels.

The demand.in the MADA area will have to be ad]usted at
the beglnnlng of every b-day perlod by the MADA office accord—

ing to information on field water levels,

The source facilities would be operated to sustain ‘the
river discharge according to the above-mentioned demand at the

meonitoring points.

Instructions for the operation of source £facilities

should be given at 5-day intervals.,

The water available at the demand center'_on the main
river wouid be the sum of the uncontrolled flow ef the fiver
and release from the source facilities 1ocated'upstream of the
demand center. It is assumed that the rate of uncontrolled
flow avallable for a 5~day period would be equal. to that in
the previous 5-day period for the purpose to determining the
water deficit to be supplemented'by releases from the source

facilities.

_The runcff coming into the:pool created by the Muda bar-
rage would be the discharge observed at the Victoria Estate
hydrological station, The uncontrolled floﬁ-wouldﬂbe gi#en as
the observed river runoff less the release from the Jeniang

weir.

The above~mentloned operatlon procedure w1ll requlre the
follwoing information of source faC111t1e5 and monltorlng
points. The information should be gathered dally but .should
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be collected by the control center on the last day of a S5-day

period.

(l) Dams
Facilities:
Information:

(2)

(3)

(4)

Pelubang and

Information:

the Pedu, Muda, BAhning and Beris dams i€

they are implemented,

reservoir water level,

release and spill from the reservoir,

Furthermore, it is recommended that pan eva-
poration'at the damsite and rainfall at the
damsite and other sites in the :catchment
area to be observed daily to provide valu-
able data for future studies_.éf source
facilities and the refinement of the opera-

tional system,.

Jeniang barrages

intake water level,

withdrawal discharge,

release to downstream

Victoria Estate hydrologic station (Muda river)

Information:

water level of the Muda river,

. The discharge measurement at the site shall

Muda barrage

Information:

be conducted at least once a month to check
the stage-discharge curve of the station

which should be periodically updated.

water level of the pool created by the barr-
age;: '

release to the Muda eétuary,

withdraﬁals_ by ~ pumping station along the

pool above the barrage
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(5} Kedah barrage

Tnformation: release to the Kedah estuafy,
BOD concentration which is reqﬁired in - the
dry  season if the release from the barrage
is less than 2.7 m3/s in 1990 or 5.9 m3/s in
2000 '
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