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PREFACE

In response to a request from the. Government of Mataysia, the Govemment of Japan
decided to conduct the Study on Comprehensive Managemenl Plan of Muda River

Basin and entrusted the Study to the Japan International Cooperation Agency (JICA).

JICA sent to Malaysia a study team heaﬂcd by Mr. Katsuhisa Abe, CTI Engineering
~ Co., Ltd., and composed of members from CTI Eugincering Co., Ltd. and INA
Corporation, four times between March, 1993 and October, 1995.

The team held discussions with the officials concemed of the Govemment of
Malaysia, and conducted ficld surveys at the study area. After the tcam relumed to

Japan, further studics were made and the present report was prepared.

I hope that this report will contribute to the promotion of the project and to the

enhancement of friendly relations between our two countries.

I wish to express my sincete appreciation to the officials concerned of the

Government of Malaysia for the closc cooperation extended to the Team.

2&
KIMIO FUIITA

President
Japan International Cooperation Agency

December 1995







December 1995

Mr. Kimio Fujita

Peesident

Japan Intemational Cooperation Agency
‘Tokyo, Japan

Sir:

LETTER OF TRANSMITTAL

We are pleased o subniit herewith the Final Report on the Study on Comprehensive
Management Plan of Muda River Basin, Malaysia. The report contains the advice and
suggestions of authorities concerned of the Govemnment of Japan and the Japan Intemational
Cooperation Agency (JICA), as well as the formulation of comprehensive river basin
management projects. Also included are the comments made by the Economic Planning
Unit, the Depariment of Imigation and Drainage and other authorities concerned of the
‘Government of Malaysia during the technical discussions on the Draft Final Repott in
- Malaysia.

The Final Report presents the Master Plan coveting the entire Muda river basin and the whole
~ states of Kedah and Pulau Pinang as well as a patt of Perlis in the aspect of the water
resources managenient plan proposed for the Study.

In view of the urgency and necessity of socio-economic development, we recommend that the
Government of Malaysia shall adopt all means possible to promote the comprehensive tiver
basin management projects to the next stage of project implementation at the earliest possible
time.

Finally, we wish to lake this opportunity to express our sincere grafitude to the Government
of Japan, particularly, JICA, the Ministry of Foreign Affairs, the Ministty of Construction
and other offices concerned. We also wish to express our deep appreciation to the Economic
Planning Unit, the Department of Irrigation and Drainage and other authorities concerned of
the Government of Malaysia for the close cooperation and assistance extended to the JICA
Study Team during the Study.

Veprituly yours,

TSUHISA ABE
Team Leader
JICA Study Teamn

Encl: afs
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Chapter 1 Introduction

CHAPTER 1. INTRODUCTION

1.1 Background
The Muda River is located in the northwestern part of Peninsular Malaysia. In terms
of administrative bouridary, the uppet and middle reaches of the basin belong to the

State of Kédah, and the river downstream forms the boundary between the slates of

" Kedah and Pulau Pinang. -

The river has been developed as one of the important water resources for agriculture
as well as domestic/industrial water supply for both the states of Kedah and Pulau
Pinang. Riverbed sand is also extensively mined for usc'as construction materials,
F_ﬁr_thermorc, the miver is used as a navigation channel for local fishing boats,
particularly, around the river mouth. Thus, thé rivér_is used for various purposes, but
such river uses at the same time contain many associated Conﬂicfs and problems to

the rives environment such as:

(@) increment of fload damage potentiat due to the increment of properlies in

‘habitual flood inundation areas;

(b) shortage of water supply associated with the cver-increasing water

demand;

- (¢} river crosion/sedimentation causcd by the ‘inappropriate sand mining

operalions; and

(d) difficulty to fishing boat navigation due to scdiment deposits at the river

mouth,

Intensive basin development in the future will also pose a potential problem to the
water quality of Muda River. Such problem will possibly aggravate and thus hinder
the well-balanced river development unless a comprehensive management plan is

introduced.

No comprehensive river basin management plan' has been implemented so far and the
Government of Malaysia is expecting to use the comprehensive management plan to

be formulated for the Muda Tiver basin as a model case to serve as a guide and
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refercnce for other river basins in the country. A request for technical coﬂp'cralidn has
‘been made (o the Gov::rnmént of Japan to carry out the Study on COmprchcnsive
Management Plan of Muda River Basin (hereinafter referred to as the Study) and, in
response to the request, the Govemnment of Japan had decided to underiake the Study
{vhich was entrusted to the Japan Int’cmélional Cooperation-Agency (J iCA), thc.ofﬁée
responsible for the implementation of technical - cooperation programs -of the

“Government, A prc!iminéry study team was dispatched to Mataysia from October 17
to No'vcmbér 4, 1993, and the Study with a study period of 18 months started in
March 1994, |

1.2 Objectives of the Study

Th.c'S'btu'd)' is to formulate a camprchensive management plan for the Muda river
basin by integrating the following four components and sétling the year 2610 as the
target year: (a) flood i’nilig’atib’h plan; (b) water resources inanagement plan; (c)' river
“environmental management ptan; and (d) watershed management and monitoring

plan. Al of these plans are to be formutated on the master plan level.
The objectives of cach component of the comprehensive plan are as discussed below.
(1) Flood Mitigation Plan

Both the structural and non-stcuctural plans for flood mitigation shall be studied
with particular allcniion. to the natural retarding effect of the river basin. The
cffect of the present sand mining activities to the stability of the river channel
shall also be studied to cnsuie the success of the propesed river channet

~improvement.
" (2) Water Resources Management Plan

The structural measures to develop water resources shall be studicd according to
the results of a review made on previous plans. The appropriate water altocation
plan in an extra drought year shalt also be formulated in due consideration of

the interslate requirements of Kedah, Pulau Pinang and Perlis, _
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(3) River Environmental Management Plan

The plan for the management of quantity and quality of river flow shall be
formulated. The management plan for land use along the river corridor and dam
reservoir shall alse be studied with particular aticntion to the improvement of

river environment.
(4) Watcrshed Management and Monitoring Plan

The zoning plan for the entite watershed shall be formulated to control thé
excessive basin development activitics that coutd cause adverse effects on the
- aforesaid river nianagement plan. The monitoring plan for river activities and
basin development aclivities shall *also be * formulated to maintain  a
well-balanced wiver management. The monitoring plan shall include  an
institutional sct-up to ensure the proposed mnnifuring and river management

works,

1.3  Study Area

The study arca for all éompcncnls of the comprchensive plan except the water
fesources management plan shall be within the limits of the Muda river basin. Since
the water supply atrea of the _watér resources of Muda River extends beyond the Muda
river basin and cavers the whole states df Kedah and Pulau Pinang as well as a part of
the State of Perlis, the water demand projcction as well as the water supply and

demand simutation shall be made for the whole water supply arca of Muda River.

The states of Kedah, Pulﬂu Pinang and Perlis are located in the northwestern part of
Peninsular Malaysia, occupying a total of 11,252 km?’, i.e., 9,426 km? for the Statc of
Kedah, 1,031 km® for the Statc of Pulau Pinang, and 795 km? for the State of Peslis.
The upper and middle reaches of Muda River belong to the State of Kedah, while the
river downstream with a length of about 30 km forms the boundary between the states

of Kedah and Pulau Pinang. The Muda river basin has a catchment area of 4,210 km?,

“most of which is located within the State of Kedah,

Each of the above three states is adminisieatively divided into several districts, and

cach district is further divided into parishes called Mukim in Malaysian term. The
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three states cover 17 districts and 239 mukims, out of which the Muda river basin

covers 6 districts and 28 mukinss, .

14 Contents of Report

The tesults of the Study are compiled in four volumes;'namcly, Volume 1, Summary;

Volume 2, Main Reporl; Volume 3, Suppo'rii'ng Report; and Volume 4, Data Book,

The Main Repoit gives a gencral prescntation of all the results of the Study,- which is

compiled in brief in the Summary. The Supporting Report is divided into ecight

Seclors as enumerated below which present the details of the scctor studies with

supporting data compiled in the Data Book.

(3

®
{c)

@
()

M
@
()

“Sector [

~Sector I1

Scctor HI

Sector 1V

Sector V-

Sector VI

Sector VII

Sector VIII

" Hydrology

Flood Mitigation Plan
Water Resources Management Plan
River Environmental Management Plan

Watershed Management and Monitoring Plan

* Construction Plan and Cost Estimate
Socio-Economy

| Inslitutional Setup Plan
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CHAPTER 2. 'PHYSICAL FEATURES OF THE STUDY AREA

2.1 = Topography, Geography and Soils

Almost alt of the northeastern half of the Muda river basin is mountainous, fringed by

hilly lauds with clevations of more than EL 76 m (250 fee?), as shown in Fig. 2,1.1.

“The mountainous area is ¢omposed of two mountain ranges. One mountain range

stretches along the northe'_m half centertine of the basin stariing from M. Tek Bidan
(EL 842 m) in the middle reaches until Mt. Bt, Pakir Terbang (BEIL 574 m) at the
northern end of the basin and includes the mountains with elevation of EL 500 to
EL.900m. The other is called "Bintang Rangé" stretching  from the highest
Mt. G. Bintang (EL 1,862 m) in the southeastern end until the northeastemn end of the
basin and includes many high mountains of more than .EL 1,000 m forming the

national boundary betiveen Malaysia and Thailand.

‘The geographical features of the mountain arca. are represented by the granites

devetoped in the period of orogenesis aftcr late Carboniferous. The plain area in the

middle reaches is mainly composcd of complex argillaceous rocks, cherts and

interbeds of sandstone. As for i'he'midgilc reaches -of Ketil River around Baling,
however, the geographic features show a complexity of shalcs/states, quartzite/hornfel

and limestone that ate often crystallized.

" The soils of the basin are composed of the alluvial soil, the sedentary soil and the

lithosols. The alluvial soil spreads out in the lower reaches from the confluence of the

tain sttcam and Ketil River, where the land is fertile and used as paddy production
area. The plain arca in the middle and upper reaches is cavered with scdentary soils
where rubber plantation is extensively developed. In the upper mountainous arca, the
dominant soil is lithosols which is liltte fertile and not suitable for agricultural

production.

22 Climate
The study a'réa:a_' has two typical monsoons; namely, the northeast monsoon and

southwest monsoon. ‘The nertheast monsoon ustally occurs from November to
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Fcbruary. During lhis_soason', the northeast monsoon unloads its moisture contents
over the cast coast of Peninsular Malaysié. However, the study arca located in the
west coast receives a little rain during this monsoon due to the sheltering effect of the
central mountain range running from riorth to south in Peninsular Malaysia.

~ The southwest monsoon usually reaches the west coast of Peninsular Malaysia from
the Indian Ocean and prevails over Peainsular Malaysia from May to August. The
 monsoon contains heavy moisl.utc and causes the fairly heavy rainfall in the study

area from April to May.

In the transition period between the above two monsoons, from September to
November, the western wind prevails and causcs the heaviest rainfalt in the study arca
ina year. Thus, the study area tends to have two rainy seasons in a year: one is from

April to May and another, from September to Noveémber (fefer to Fig. 2.2.1).

The annual rainfall depth in the Study Arca is about 2,000 to 3,000 mm. The heavy
annual rainfall is observed around the central mountain of Gunong Jerai and the

southern mountainous arcas declining northward and to the river mouth (refor to
Fig.2272). '

The temperature in the study area is around 27°C on achage, and its annual variation
is Icss than 2°C. The humidity in the study area varics from the lowest of aboul T5%
in January to the highest of about 88% in October. The annual average sunshine hours
is around 7 hours varying from the mininum of less than 6 hours 'in:Scptcfnbcr_ to thc
maximum of more than 8 hours in February. The monthly pan cvaporation at Alor
Setar is about 135 mm on average containing the lowest of 110 mm in November and

the highest of 175 mm in January,

23 River Mo’rpﬁology .

2.3.1 River System

Muda River with a catchment area of 4,210 km” originates in the north mountainous
arca of Kedsh State and flows down toward the south. Tt changes its course towards
the west coast after pa'ssihg the conflucnce of the main siream and its tributary, Ketil
River, The total length of the main stream is about 180 km. |
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There are three major tributarics of the Muda river system; namely, Ketil River with a
'catchment arca of 868 kin’, Sedlm River with 626 ksn® and Chepir River with
335 km®. Ketil River i is the largest tnbulary mcludmg :ts sccondary tnbuiary, Kupang

chr, that has a catchment area of 147 km>.
1232 River Channel Profite

The main channel of Muda River has a length of about 180 km with a slope of
112,300 fro_rﬁ the rivez mouth to Muda Dam. The channel lengths and slopes of the
l.ributari.cs‘ are 70. km and 1/750 for Ketit River, 30 km and 1/550 for Scdim River,
and 25 km and 1/800 ﬁ){ Chepir _Bi;'cn

The channel width is 300 m near the river mouth and tends to be narrower upsiream.
The chamnel tends to erode due to the sand mining operations, aggravating bank
erosion and riverbed degradation, The average riverbed had subsided by 2 to S m for
the period 1983 to 1994, as proven by the longitudinal profile survey in these years
(refer to Fig. 2.3.1) and, in parallel with the subsidence of the riverbed, the water
level has also been lowering by 1 to 2 m for the past 20 to 30 years (refer to
Fig. 2.3.2).

The riverbed subsidence seriously affects river structures such as bridges and waler
- intake facilitics. Foundation piles of the bridge at Ldg. Victoria are ¢xposed by 2 to
- 3m above the eroded riverbed (refer to Fig. 2.3.3). Moreover, the lowering of water
level also causes difficulty in abstracting water from the river at the exisling intake

points,

On the other hand, the river mouth tends to be affected by the accumulation of
sediment causing aggravation of the riverbed and development of sand bar, DID
dredged 1.2 km of the outer channel in 1986, deepening the channelbed to 4 m below
LSD, but it silted upby 210 3m in 76 anihs after dredging (refer to Fig. 2.3.4). The
shallowest point surveyed in 1994_' 13 2m below LSD at 0.5 km off the river mouth,
_causing difficulty to navigation during low tide. Judging from the sand mining
operations on the river as well as the bed materials mentioned in later subsections, the
‘major cause of sediment accumulahon around thc river moulh could bc cither ocean

sand dnft or the suspcndcd/wash 10ad supplled from Muda River.
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2.3.3  Channel Flow Capacity -

The bankfull flow C'apacaly was estimated by non- umfom calcuhlmn usmg the
updalcd channel survey results in 1994 (rcfcr to Flg 23. 5) ‘Ihe lower stretches: of
Muda River tends to have a smaller flow capacnly than the upper sliciehes. At many
points downsiream of the' ¢onfluence with Sedim River, the flow capacity is to
“accommodate the flood discharge of less than a 2-year retumn .per‘iod. Moreover,
low-lylng areas are scattered along the Ketil and Chepir rivers where flood inundation
of even a 2-year rétum period occur, In lhc‘uppéi‘ strctehos of Muda River from the
confluence with Chepir River, howéver, the Hver forms a valley, and the clevation of
riverbanks is high enough to accommodate the flood diséharge of 10-year retum

period, -
234 River Water Quality

DOE had carried out watcr quality sampling at 10 s‘itc’s’lin the Muda river system for
the period 1978-1994 (refer to Fig. 2.3.6). The water quality records by DOE indicate
low concentrations of BOD, $S and NH4-N of Muda River, In this connection, DOE
had evaluated that Muda River is clean and suitable for domestic water supply (refer
to Table 2.3.1). ' |

‘To clarify the data of DOE, the JICA Study Team also carried out a water quality
susvey at 10 sites in November 1994 and in May to Junc 199.5‘ (refer to Fig.2.3.7). |
Evaluation of the survey results was made based on the classifications (1, A, '[l'B,' HIN
IV and V) prepared by DOE (refer to ‘Tables2.3.2 and 2.3.3). Among the
classifications, indices of more than: Class IV ate not acceptable for domestic water
supply. |

As shown in Tables 2.3.2 and 2.3.3, classified as Class IV or V are the folinﬁri_hg‘
water quality items: - DO, Turbidity, BOD; T. Coliform, NH3-N, Fe, CcoD, F,
Coliform and Se. The water quality changes by various condihons such as dnscharge

rainfall, sampling locatlon time, etc. It is, however, necassary to pay a specml

attention to the water quahty lﬂdlCCS classﬂicd as Class 1V and V

'Moreow:r, among the samphng pomls pomt F-2 comams a low quahty of BOD The
point F-2 is tocated atong Jcrung chr and river dsschargc dlrcctly flows into the
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downstream of Muda River, which could aggravate the major water intake' facilities

placed therein.

“This low water quality is atributed to the effiuent from a rubber factory, as proven by

the fact that water quality at sampling point F-1 which is located upstrcam of the
factory shows non-problematic result. The factory has a treatment syétcm with some
ponds, however, a part of the ¢ffluent is Occasmnall) relcased dirccily to the nw:r.
Under these condmons it is mdlspcnsablc o conlmuc 1ntcn51Vc monitoring works on -

the cfﬂucnt from the mbber factory, and (o executc certain conlrol works.

2.3.5 River Flow Regime

Both the Muda and Kedah rivers tcnd to have a high ﬂow regime twice a year; one

from' September to November and anolher from Apnl to. May 'lhc maximum

discharge is usually recorded dunng the primary rainy season from Septcmber to

November. On the other hand, the lowest flow rcglmc usually occurs either in

Februaty or March.

The daily average rwcr flow drschargc bolh for Muda and Kedah rivers was ¢stimated
through thc Tank Model S;mulahon The simulation penod is 33 years from 1951 to
1991, ancl the avcrage flow reglmc for these years was estimated at five referencc

pomts as below.

- - River Flow Regime of Muda and Kedah River

Station | River | Catch- |~ -~ " River Flow Regime {m’/s)

‘Name | System | wment [ Mean| Max. | 95-day | 185-day | 275-day | 355-day
" - Area ' Discharge | Discharge Discharge | Discharge

S (k) | - ‘ '

Muda River: ' :

Namt Main 1,220 25 145 34 22 11 4

Jeniang | Main - 1,740 | 45 | 294 62 39 20 8

Vicloria | Main | 4,010 | 105 367 145 -1 47 20

Kupang | Ketil 704 24 260 30 18 - 10 5

Kedah River; 3 ' .

Lengkus | Main - | 1,270 | 24 | 245 - 23 9 .| 5 4
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2.3.6 Riverbed Material

A riverbed mat(':ria!‘sur\‘fcy was made to know the pér(icle size disteibution and
-specific gravity of riverbed materials at thirty (30) sampling sitcs. The locations ‘of
sampling sites are as shoivn in Fig. 2.3.8, and the results of laboratory tests on the
Sam'pie‘s‘arc as shown in Figs. 2.3.9 and 2.3.10, | |

It was clanﬂed from the results of the labmatory tests that sand (() 074 to 4.76 mm)

and gravel (. 76 to 76.2 mm) are dominant on the mam stream and tnbutaries ‘and

the riverbed materials sampled upstream tend to be coarser.

The riverbed materials sampled at the north side of the river mouth are very finc and
muddy, while lhose at the south 31de arc coarsc and sandy Morcovcr, a sand bar has
formed from north to south of the nvcr mouth as shown in Fig. 23 11. These
notcwonhy facts show that there is a dommant southward ocean current around the

moulh of Muda River c.arrymg sandy matcnais from the north to the south,

2.3.7 River Bed Load

Sedimcnt in the river channel is dnvnded into bed load, suspcnded load and wash [f)ad
Anwng them, bed load i is the most influential in the changc of sandy riverbed l:ke the
Muda River. In this connectlon the bed load sampling test was camcd out at
5 locations (refer to Fig. 2.3.8).

Rating curves between the observed bed load and flow discharge were developed for
cach sampling point from the results of the sampling test, as shown in Fig.2.3.12.
F‘urihcrmorc based on the daily discharge records and the bed load rating curves, it
was eslimated that the annual bed toad of Muda. River is about 10, 000 m’ (refer to

Table 2.3 4) '

2.3.8 Fauna and Flora

Mﬁda River had been well known as a habitat ‘of ffcshw_'ater (urties. Howé?’cr, .thc ;
number of turtles has remarkably decreased since the sand. mining ‘..Qas'in(ensivel’_y
made. It would now be a kind of endangered specics. The artificial breeding of
freshwater turties has been carricd out on Penang Island since 1980 and the young

turtles have been released to Muda River as well as the rivers in Penang Island, In
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addition to the freshwater turtles, the following species of fish live in Muda River:

River Crab, Climbing Perch, Freshwater Catfish, Swamp Ecl, Feathcerback, Gourami,
Snakehcad and Goby.

Forest arcas cover a large part of the Muda river basin and most of them are
delincated as forest reserve by FDHPM. In the forest reserve area, the dominant
species identified through the survey for Beris Dam Project are Kedondong, Kelat,

Kerwing, Periang and Nyatoh.

Natural vegetation atong Muda River is, however, quite limited except the upstream
area of Muda Dam. The dominant vegetation along the river are the planted

agricultural trees such as rubber tree, oil palm tree, fruit/garden trees, and nippa patm.
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"CHAPTER 3. FLOOD CONDITIONS

3.1  Flood Prane Areas and Types of Flood

Due to the poor flow capacity of 1:ivef channels, floods occur almost every year and
affect the low-lying residential and agricultural areas. DID had identified the
flood-prone areas where three types of fload occus; namely, (a) flash flood; (b) flood
associated with extensive inundation; and (¢) tidal flood. The flood-prone arcas arc in

the lower and middle reaches, as shown in Fig. 3.1.1.

In the middle reaches, flood-prone areas have been identified in and around the
potential urban centers such as Si_c and Baling. The typical type of flood at these arcas
is the flash flood. Flash floods occur due to short but very intensive local rainfall.
When such flash floods oceus, floodwater levels tend to suddenly rise but subside

within a short period after the rainfall stops.

In the middle reaches, the flood-prone area has also been identified in and around
Kuata Kelil where the devélo;nhcnt of an urban cenfer associated with an exlensive
industrial area is planned. This area tends to be affected by flood associated with
extensive inundation duc to widespread and prolonged heavy rainfall. This type of

flood often lasts for more than two or three days.

In the lower teaches, the ﬂcod pronc arca is located along the dowuslrcam from
Muda Barrage. This flood- prone arca is thrcatcned with flooding by a combination of
high tide and flood runoff dlscharge. flowing from the upstreain. When flood runoft
dlscharge flows down during high tide, the flood qunoff water rises by the backwater

effcct of the high tide and may spill over the banks.

32 Maximum Flood Recorded

’:rhc maximum ftood recorded occurred in November 1988, the worst since the flood
“{n 1967. In this flood, rainfall continved from November 20 to 23, 1988, and the.
heavy rainfall was biased to the northern mountainous areas (refer to Fig, 3.2.1). The
daily rainfall at Pedu Dam excceded 200 mm on November 20. Such biased heavy

rainfalt in the northern area caused spilling over the Muda dam crest. At
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Ldg. Victoria which is located in the lower reaches, the flood discharge exceeded
1,000 m?s for three days from November 24 to 26. Morcover, at the Jeniang Gauging
Station which is located in the middle reaches, the water tevel couhnued to cxceed lhc

danger level for six days from Noveniber 21 to 26.

Due to such high water leve), inundation occutred along almost all the cnhrc stretch
in the middie and lower reaches. In the "Annual Flood Repott, 1988," the flood
damage to riverbanks in the Muda river syslem was eshmatcd at RM 1,224,000, but

no casuallics were reported.

The inundation areas were identified on 1 is to 16,000 toposheets newly preparcd in
1994 through a serics of ficld investigation and interview surveys (refer to Figs. 3.2.2,
3.2.3 and 3,2.4). The total inundation arcas and humber of houses and: bu;ldmgs

affccted are as tabulated below.

Flood Inundation Area and Number of Houses Affacted by 1988 Flood

- River _ Survey Area _ Inundallon Arca No. of Houses and
: (km ) Buildings Affected

Muda’ River Mouth to Jeniang Barrage 65 ~ 5,300

Ketil Muda River to Baling Town = 9 - .- 600

Chepir Muda River to Sik Town : 4 200

Total S : 78 : 6,100

The recurrence probability of the 1988 flood at Ldg. Victoria, Jeniang Cable and
Kuala Pegang. ﬁas estimated lhrough normnal ldg distribution. As the results, the
return period of 1988 flood is as long as 140 ycars at Jcnlang and 45 years at
l_dg Victoria, while that of Kuala Pegang is 5.5 years because of less rainfall in the

Kelil river basm, as summanzed betow,

Recurrence Probability of 1998 Fleod

River Discharge Station Retuin Period of 1988 | * Return Period of 1988
Flood Discharge " Flood Rainfall
Muda | Ldg. Victoria | - .. 4507years 30 years*
, ' Jeniang Cable 140.0 years , 40 years®
Kelil Kuala Pegang 5.5 years 10 years**

* 3-day rainfall
** 1-day rainfatl



Chapter 3 Flood Conditions

In mid-September 1995, flood caused by Tropical Storm Ryan occurred in the Muda
river basin. Ncwspapers had reported that the water level rose over danger levels at
the downstream and middle stretches of the Muda and Ketil rivers and many people
living along these rivers had evacuated to relief centers. This flood seems to be a

“fittle smaller than the 1988 flood judging from the water level records obtained.

33 Probable Rainfall and Probable Flood Runoff Discharge

3.3.1  Probable Rainfall

The dominant storn_i rainfall duration was clarified for each reference point in the
Muda river basin on the b:asis' of tﬁé hburly sainfall records in eleven .storm.s. Then,
the probable rainfal{ for cach storm rainfatl duration was estimated by the logarithmic
normal distribution of annual basin average maximum rainfall for a 34-year period

from 1959 to 1992, The results of the estimation are as tabulated below.

" Prohable Rainfall at Bach Reference Points in Muda River Basin

Reference - | Catchment | . Rainfall ' Probable Raiafall for Each Retusn Period {(mm)
Point .| Area (km’) Dusation | 2-year | S-year | 10-year | 20-year | 50-year | 100-year
Jeniang 1,740 3-day 120 144 159 172 188 199
| 1.S. Omar 3,330 3-day 104 - 23 |. 134 4 156 165
Ldg. Victoria 4010, | 3day 100 119 130 -140 153 ‘161
K. Pegang 704 1-day 59 72 81 88 97 104
dsx | - 153 A-day | 69 g2 1 90 97 105 111

3.3.2 Probable Flood Runoff Discharge

Based on the probable basin rainfall with 1- or 3:day rainfall duration, the actual

hourly rainfall recorded in the 11 major floods was cnlarged in the foltowing manner:

TV = R¥/Ra
Where,
A Adjuétm_ent fate for N-year retum period
rY :  Probable basin rainfall of N-year return period for fixed
" rainfall duration ( '

Ra : Recorded rainfalil in actual flood

3.3
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N : Relurn period (S, 10, 20, 50 and 100-ycar)

The recorded hourly rainfall enlarged as described above was assumed as the model
hyctograph of N-year return period for each of the 11 actual major floods. Then, the
flood discharge hydrographs ‘comesponding to cach return period were estimated by -
applying the model hyclographs and the Storage Function Madel uscd for flood

runodff smm]atlon

The peaks of the estimated ﬂp{}d discharge hydrographs were provisionally assumed
as the probable.dischargc enlarged from the 11 actual major floods. Thc_lypical
probable flood discharge was then assumed as the value to cover 70% of the above
peak discharges enlarged from thé 11 aduhl méjoi' floods. On the premise of the
coverage ratc of 70%, the founh largest cnlargcd peak dlschargc was sclccted as the

lypical pmbablc dlschargc

In the abave cshmah(m_ot the probable flood runoff dischargc,fhow‘:vcr, the natural
flood regulation effect by the existing Muda Dam was not taken into consideration.
Muda Dam is solely a v;faler'supply purposc dam and docs not have any specific flood
control capacity. However, the dam inflow discharge is naturally regulated by the

surcharge volume above the splllway crest.

The dam water levet will increase as the dam inﬂow-dis‘clﬂarge incr‘éascs, and the
water impounded by the dam starts to _6verﬂow when the water level cxceeds the crest
level of the spillway' The overflow discharge could be caleutated bly the dam inflow
discharge together with its rescrvoir storage capacny curve and its sp:llway dlschargc
rating curve. Thus, the following probable flood runoff dnschargcs wete éstimated on
the premise of the natural rcgulation by Muda Dam, and adopted as the final

estimated values for the Muda river basin (refer to Fig, 3.3.1).

Probable Discharge at Reference Points in Muda River Basin -

Reference Catchment Probable Discharge for Each Return Period (m {5}
Point | Area (km®) 5-year . 10-year 20-year 50-year 100-year
Muda Pam Sile 984 L0 o270 | 310 | 370 420
| Jeniang 1 1,740 390 470 560 680 770
J.S.Omar .| 3330 700 . |- 810 | 920 | 1060" 1,160
Ldg. Victoria 4,010 810 950 1,080 1,260 1,340
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3.4  Probable Fleod Inundation Area

The probablc exlenl of flood mundahon causcd by the runoff dlschargc of lﬁﬂ-ycar
retum pcnod was csllmalcd through the non- -uniform calculation using the
topographic and channel survcy 1esulls taken in 1994 (refer to Figs. 3.4.1 and 3.4.2).
Bt:lt-shapéd arcas along the Muda and Ketil rivers arc .p(_)s'sil;)ly s’ubmctgéd under
flood water. The width waé as widc aslto5 .km in the tower stretches of Muda Rf‘vcr :
downstream of the confluence with Ketil Rivér, while it was narrower and 1 km at the
maximum in the upstream valley, Such definite tendency was not found for Ketil
River, and it varied from 0.5 m to 2 km due to 16Cal topographic conditions. The totat
inundation areas and the mumber of houses and buildings located there are as

suinmarized below,

Probabte Flood Inundation Area

River Stretch Length | {nundation No. of

i) Area Houses
. _ : (km°) and Buildings
Muda River | River Mouth to Ldg. Victoria (Lowér Muda River) 403 45.0 5640
Kuala Ketil ‘Town Stretch *1 54 14 . 619
Ldg. Victoria to Prop. Jeniang Barrage *2 : 729 331 : 560
Ketil River Muda River to Kg. Tg. Merbau 2 392 16.9 - . 1260
Bating Town Stretch 0.8 03 200
Chepir River | Sik Town Steetch - 038 0.2 _ 160
Towal - 159.4 969 - 8310

*1: Lefl side of the stretch from Cross Section No. 60 of Muda River te Cross Section No. 1 of Ketil River.
*+2: Excluding Kaala Ketid Town Stretch,

3.5 Existing Flood Mitigation Facilities

The Muda river system has hardly been provided with flood mitigation works other
than the construction of a Muda river bund and the flood forecasting and warning
" system. The Muda river bund was constructed downstrcam along the left bank of the
Muda main siréam by a private enterprise about a century ago {refer to Fig. 3.5.1). It
has been maintained and rehabilitated by DID. The purpose of the bund is to confine
ftood discharge of the Muda River in its own coussc and protect the low-tying Pulau
* Pinang area from flooding. The latest rehabilitation of the bund was carried out in
1987._ In the 1988 flood, the bund was able to get rid of overflow with a freeboard of

" 9inches,
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In addition ﬁ)_thc above bund construction, DID had established a flood forecasting
and waming s}fstcm which is composcd of water level monilbn’ng stations, warning
stations and flood opcmtmn rooms Thc State DID chah had cslabltshcd water level
momlormg stations at ten (10) sﬂes and the State DID Pulau Pmang, at two (2) sites
(refcr to Fig. 3.5, ‘2) For cach’ of the momtonng stations, three (3) cntlcal water

levels are dcsngnalcd namcly, alert, wammg and danger icvels.

The water level readings are reported to the state flood operation 10om once in three
hqurs when the water level exceeds the alert level, and every hour when it exceeds the
danger level. The water level readings of Feniang and fam. Syed Omar are also sent to
DID Pulau Pinang. | |

Among the momtonng stations, six (6) stations are schcdulcd to be eqmppcd with a
_ telemeter data transmission system. These stations are Jeniang, Jam. Syed Omar,
Pinang ']unggal and Bumbung Lima along Muda River, and Kg. Baru and Rumah

Pam Pulai along Keh! River.

The wammg stations wnlh sirens are located in the upslrcam areas which are subject
to flash ﬂoods The sirens are automahcally activated when the river stage reaches the

waraing level thus, giving lmmedlatc waming to the surroundmg populatlon

The floed operatmn rooms are’ set up annuatly at DID statc and district offices from
the 1st of August to the’ IS:h of January to forecast the flood conditions and issue the
necessary instructions. The roems are provided with communication equipment such
as VHF sct, telephones and facsimile machines to receive or send 1nforma{10n such as

rainfall, water level, warnings, flood damage and evacuation.
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CHAPTER 4. PRESENT USE OF MUDA RIVER

4.1 River St_ritc(urc

The Muda Dam was constructed in 1969 on the main stream about 130 km upsircam
from the river mouth. The dam catchment arca and active storage capacity are
984 km” and 160 million m®, respectively, The dam stores almost all of the basin
tunoff discharge conveying it into the adjacent Pedu Dam that has an active storage
capacity of 1.,049. million m” in the upper reaches of the chéh River, The water
-conveyed to Pedu Dam is principally used for the Muda imrigation scheme of about
97,000 ha; hence, the p’ms:en't competent authorily for operation and maintenance is
MADA. Thus, thé catchment area of Muda Dant is a part of the Muda river basin in
terms of topography, but it belongs to the Kedah river basin in terms of hydrology.

The Muda Barrage was also constructed in 1972 about 10 km upstrc.am from the river

‘mouth to supply domestic and industiial water as well as imrigation water for the State
of Pulau Pinang and the southern part of the State of Kedah. The present competent
authority for operation and maintenance of thc' barrage is the Penang Water
Authority (PWA).

Morcover, there arc 12 intake facilities for domcslic/industiriél water supply and
28 intake facilities for irrigation water supply. These intake facilities arc operated by
various organizations such as DID and PWD in the State of Kedah and DID and PWA
in the State of Pulau Pinang. All major intake facilities are located atong the
impounding extent of Muda Barrage, abstracting about 80% of the basin total intake
volume except the volume conveyed from Muda Dam to Pedu Dam (refer io
Tables 4.1,1 10 4.1.3 and Figs. 4.1.1 to 4.1.2). |

42 ‘River Sand Mining

- As of September 1993, there were 95 permit holders for mining operations on the
Mudé river channel in the State of Kedah. As for the State of Pulau Pinang, a total of
9 mining sites have beon designated. These mining sites arc concentrated between

Muda B.ar'ra.gc and the prdposcd Jcnia.n'g Barrage, as shown in Fig. 421,
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The annual sand mining volumes recorded for the recent three years were about
500,000 m® in 1991, 900,000 m® in 1992 and 1,200,000 m” in 1993. According to the
officials concerned, however, the mining volume in 1990 reached the pcak and was
-much more than those in recent i_brec years due to usc as consruction material for the

North-South Expressway.
These mining volumes arc much greater than the annual bed load of about 10,000 m’
and, therefore, have caused serious subsidence of the riverbed. The present mining
activities have also affected the surrounding river environment duc to the féll&\ving :
unfavorable conditions:
. (a) Abandonment of mining equipment m river chann¢ls and riverbanks;
(b) Pipes and ropes crossing the river course, which hamper navigation;

(c) - Hiegal constiuction of access road to the river channel which reduce the
~ river channel width; and

(d). Absence of proper drainage from sand stockpiles.

43  Water Supply from the River

4.3.1 Water Demand

The present water demand to be supplicd from Muda and Kedah River is estimated at
about 2,026 million m%year which is divided into of about 339 million m’/ycar for
domestic and industrial water and 1,687 million m*year for irmrigation water, as

summarized below,

" Present Water Demand

Demand ltems Gross Demand : Requiréd from River

' YD) (%) (10°m¥%yr) (%)

1. Domestic/Industrial _ e
(a) Kedah State 129 45 136 - 6.7
___(b) Pulau Pinang State 165 58 194 9.6
(Y Peslis ... - - - 9 03 o e e g
Sub-Total 304 106 339 16.7
2. lirigation Water i Sl e L B :
"(a) Muda Scheme 1,977 639 1,391 63.6
(D) BatiySeberang - | - is6 | 54 | mo 40
{c) Others e ] 433 151 A6 f 107 -
Sub-Total ' 2,566 89.4 1687 833
Grand Total : 2870 100.0 2,026 1000

4-2
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Domestic/industrial water is supplied to the states of Kedah, Pulau Pinang and Perlis.

: Among the lhrce states, the Statc of Pulau Pmang is the largest domestic/industrial

water user, abslracimg 194 rmlllonm /year solely from the downsircam of Muda
River. The Statc of Kedah is the second largcst abstracting about 136 million m*ycar,
The remaiiing volume of about 9 million m*year is supplied to the State of Perlis

ﬁom bolh \{uda and Kedah Rwer

The total pOpulauon served for domestic and industrial water is estimated at 837,000
in the State of Kedah, 750,000 in the State of Pulau Pmang and 42,000 in the State of
Perlis. The service factor is about 97% in Pulau Pinang, 67% in Kedah and 83% in

Pertis.

Irrigation water is supplied to 60 schemes. Among them the Muda iszigation scheme

" is the largest water user occupying 97,000 ha over the State of Kedah to the State of

~ Perlis. The irrigation water demand from the Muda and Kedah rivers to the Muda

scheme is about 1,391 million m3/j'eat {about ’IO% of the total water demand). The
Scberang Perai 1rngat10n scheme of 8000 ha is the sccond targest user which is
located in Statc of Pulau Pinang with thc water demand of about 80 miilion m *fycar

(about 4% of the total demand) being abstracted from the Muda River.

‘In addition to the above two main granary areas, there arc 58 secondary and minor

irrigation schemes of 18,800 ha in tolal composcd of 34 schemes (8,400 ha) in Muda
river basin and 24 schemes (10,400 ha) in Kcdah river basin, Most of the schemes arc

tocated either in the fringes of Muda or on the right bank of the Muda lower reaches.

"The water demand from the rivers to these schemes is estimated at

220 mitlion m*/ycar {about 11% of the total demand). -

4.3.2 Water Deficit

When the natoral river flow discharge is deﬁcienl’in s'upplyiﬁg the above water

- demand, such deficxcncy is supplemented by the release from the storage vohsmc of

lhe three exnslmg dams, the Muda, Pedu and A}mmg dams. The supplcmenlaty supply.

from the cxsshng dams is, howcvar, not always guarantecd dué to the fimitation of

- dam slorage volume, Morcover, the three existing dams arc designed to supply the
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Muda irrigation and its surreunding arca, but not the arca located downstream from

Muda Dam du¢ to the existing water convcyancc systcm described in Seétion 4.1,

Accordmg to the interview survcy, Muda as well as olhcr CXiSllng trrigation schemes '
have been suffcrmg from chronic shmtage of 1mgat:{)n watcr supply and the
reduction of paddy plantcd arcas was often rcqu:red due 10 the water shmtagc
© Serious water shortagc tends to occur in the least rainfall months of January to March,
and even domestic and industrial water supply was curtailed mi these months in lhe

drought year of 1978.
4.3.3 Water Use Ratio

The present water use ratio of the annual average intake water volume to the annual
average natural runoff discharge volume is éstimated at about 64% for the Kedah
river system. Such high water use ratio indicates that the present water resources
dcvciopment for the Kedah river system by the three existing dams (Pedu, Muda and
Ahning dams) has reached the ‘critical fevel and it is virtually difficult to induce
further water resources dcvclopment In contrast, the water use ratio of the Muda
river system is estimated at 14%, and thercby, the future water rcsourccs dcvcloPment_
for the study area could be made only in the Muda river basin. In fact, all ongoing
water resources development projects such as the Beris dam project and the Jeniang
~ transfer system project placed their projected water sources on the Muda river system.

44 Navigation

“The Muda river mouth is being used as a port by about 200 fishing boats. Therc are
landing and mooring facilitics in Kedah State (the right bank) and Pulau Pinang State
(left bank). All of the boats are as small as 10 GRT with draft of 1 Om however,
navigation has to be suspended during low tide due to the siltation at the river mouth

Aside from the nawgation of fi shmg boats around the river mou!h no other
nav1gat10n picvail duc to the development of a road network with bridges and the
sand mmmg activities Wl‘llCh hinder navsgahon because of ropes and pipes Crossmg
the river channel. There is only ane regular fcrry crossmg ‘the downs!ream of Muda
River from the Muda Barrage between Kota Kuata Muda at the right bank in the State
of Kedah and Penaga Village at the left bank in the State of Pulau Pinang. The
carrying capacity of the ferryboat is, however, limited to fess than five passengers,
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" CHAPTER 5. 'ONGOING BASIN DEVELOPMENT CONDITIONS

5.1 Gross Bomestic Produet

Thc Gross Domcstlc Product (GDP) of the states of Kedah, Pulau Pmang and Perlis is
expected to increase fror about RM 13, 000 rmllmn in 1993 (at the 1978 pnce) to
RM 20,500 million in 2000, and the average annual growth rate is to be 7.5% for
'1990 2000 ‘which is almost equivalent to the national average. A nolable growth of
around 10% per yéar of GDP is expccted in the secondary sector (mdustry sector),
while the growth in the primary sector (agric’:u!tu:ral s;e'c.tor) will diminish to fess than
5%.

52  Agricultural Development

About 1,780 km” or 42% of the Muda river basin has béen developed as agricultural
land and the remaining ar¢a of about 2,400 km? is mostly kept as forest/shrub arca.
Scttlement arca covers only 0.05% of the enlire basin (refer to Table 5.2.1 and
Fig. 5.2.1).

Agricultural lands extend particularly in the lower and middle rcaches along Muda
River and its tributarics: A greater part of the agricultural land is used as rubber
plantahon atea occupylng about 33% of the basin. The remammg arca consists of
mixed horticulture area (4%) paddy area (3%), and oil palm arca (2%). The mixed
horlicultute arcas are usually located near setilement arcas and tend to be uncvenly

distributed on the riverside arcas.

Thé share of lhc'agricultural sector in the cconomy of the Staté of Kedah has been
gradually declining; ie., from 54 2% share in 1980 and 37.5% in 1990. This
dccllmng tendency is attributed to the transfes of labor to non —agncultural aclivities, It
is, however noted that a specific national policy emphas:zes a target 10 sccure a
minimum self- sufﬂcmncy level of 65% for rice productton by the year 2010. Due to
this national policy, the future rice producuon will not be drasllcally reduced as

0mpared with the present rice productmn In parallcl with the decline of agncullural

GDP, the expansion _pf agricultural land has been minimal. In fact, the period
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1982-1990 recorded the overall development area of only about 2.5% over cightyears

or 0.3% annual growth.

5.3 Forest Reserve

The présént forest area spreads‘o'ut in the upper r;:aches' of Muda River, and this arca
" is delineated as forcst reserve under the control of the Forest Dcpanment (refer to
Flg 5.3. 1) ‘The total arca of the forcst reservc arca is 2,361 km® or 56% of the Muda
- river basin (refer 0 'I‘ablc 5.2. 1) Loggmg could bc lcgally made in most parts of the
presant foresl rescrve area, which may be altributed to the fact that loggmg is the

second blggcsl source of zevenue for the Staté of Kedah.

The logging Schcdulclvolumc could not be clarified due to insufficiency of basic
information. However, it was confirmed through the latest acrial photographs as well
as the ficld reconnaissance that the catchment arca of the prOposéd Reman. dam sites
has been cleared cnlirciy and used as rubber plantation, which will possibly aggravate
the quality of water in the reservoir, Furthermore, due to lack of coordination, thére is
no asstrance that the cxisting Muda dam reservoir will be well protected by the

dclineated forest reserve.

S4 Population

The Muda river basm covers 28 Mukims in thc State of chah oocupymg about 44%
of the State of Kedah. The populahon in the State of Kedah is, however, uncvenly
dlsh:bu(cd to the low-lymg coastal area, and Muda river basm which 1s mostly
located in the inland area is less populated. The totat popuiatmn of the basm is Icss
than 30% of thc state total (refer to Table 5.4. 1) | '

Thc average p0pulahon densnty of lhe Muda nvcr basm is csumatcd at about
86 personsfkm in 1991 which i is less than the avcrage of the entire State of chah
| (138 persons/km ) Thcrc is, howcvcr, a large spatial vauatmn of the basin populauon
densuy, which is mughly dmdcd mto lhe followmg thrc¢ groups (a) hlgh populahon
dcnsny of about 443 pcrsons/km in thc tower rcaches of Muda chr, (b) mlddle

populahon dcnsnly of about 132 pc;sons[km in the lowcr rcaches of Ketil chr, and
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(¢) low population density in the middle and upper reaches of Muda River (refer to
Table V.5.4.2 and Fig. 5.4.1). |

The high population density in the lower reaches of Muda River is duc to the fact that
the lower reaches is adjacent to the major urban arca of Sungai Petani in the State of

Kedah and Butterworth in the State of Pulau Pinang.

The middle population density in the lower rcaches of Ketil River is atmost

équiVa!c’nt to the average total. Thc tower reaches of Ketit River is rather populated

‘particularly in and around the existing major sctitement areas of Kuala Kctil, Kupang

and Baling.

The low population densily in the middle and upper rcaches of Muda River

' corresponds to abeut 10% of the state average. Such extremely low population

density is attributed to the hilly topography and paor soil associated with insufficient
infrastructures, Most of the basin belang to this area of tow population dcnsi{y;

therefore, the basin average population density falls below the state average.

5.5 Urban Development

There are cighf (S)Imajor urban arcas with a population of more than 10,000 ih the
Statc of Kcdah. The total population of these urban arcas is about 425,000,
corresponding to 33% of ihe state total. All of these urban areas are, however, located
in the iOW-lying coastal até_a and out of the Muda river basin. To redress the pa;tiai
concentration of population in the coastal arca, the Kedah Regional Developmeﬁt
Authority (KEDA) has prb;ﬁbsed to develop 30 urban centers in the inland area by the
year 2000. Among these 30 urban ceaters, KEDA projected six centers in the Muda
river basin; namely, Baling, Kﬁala Kciil, 'Kupang, Bukit Selambau; Jeﬁiang ahd Sik.
(refer to Fig. 5.5.1). “These urban centérs are projected to have the following

popu?aﬁon by the year?OﬂO assuming the annual population growth of 3.5%.
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Projected Population in Six Urban Centers in Muda River Basin

Name of Town Population in 1991 Population in 2000
(a) Baling ' 6,500 9,200
() KualaKetil «+ 1 - 4800 a . 6,800
(c) Kupang 3000 - 4,200
| (d) Bukit Selambau 2,900 1 4,100
(e) Jeniang 2500 , 3,500
() Sik ' 2,200 ) . 3100
~ Total ' im0 30,900

Al of these centers except Bukit Setambau are located adjacent to the river channel,
so that aggravatlon of river functions could tocally eccur, pamcularly, inthe asPect of

‘river water quahty and flood damage potcnhal

5.6 | Indusirial Devcl@ment_

As shown in Table 5.6.1, an industrial area of about 1,800 ha has been developed, and
out of the developed area, about 1,500 ha is now in operation in the states of Kcdah
and Pulau Pinang. Thus, the occupancy rate of the industrial development area, i.e.,
the ratio of industrial area in operation to the mduslnal dcvcl()pment area, i is esiimatcd
al about 80%.

’I‘he prcsent mdustnal area in the State of I(cdah has been devclopcd cnther by thc
Kedah State Economlc Corporahon (KSDC) or the Kedah Regional Development
Aulhonly (KFDA) The area developed by KSDC is mostly for the large and medivm
scale mdusmes bemg biased in the coastal area and taking an overwhclmmg share of
about 97% of the state total. On the other hand, the area dcvcloped by KEDA is for

small and mediom scale :-ndusmes mamly in the inland area.

There are threc industrial areas located in the Muda river basin; namely, Baling, Sik,
and Jeniang, all of which were developed by KEDA, However, these industrial aréas

in the basin cover only 14.52ha in total, which correspond to 2.2% of the state total.

The industrial arcas in the State of Pulay Pinang are mainly developed by the Pinang
Development Corporation (PDC). Such industrial areas concentrate in and around

Buttcrwoith in Scberang Perai and Bayang Lepas in Pinang Island due to the
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convenient use of the international scaports and airporis. About 70% .of the water
demand in thesc industrial areas ar¢ supptied from Muda River,

The accumulated industrial development area is projected by the slate govemment to
be about 5,700 ha in total (2,830 ha‘in the State of Kedah and 2,870 ha in lhé Slatc of
Pulau Pinang) by the y‘ciaf 2000 (refer to Table 5.6.2). There are 39 industrial
development areas projected in thé ‘year 2000 (rcfef to Fig. 5.6.1). Amo_né these
industal areas, six arcas are located tn the Muda river basin; namcl.y', Kuala Ketil,
Baling, Sik, Jeniang, Tikam Batu and Bukit Sefambau. All of these sites are to be
developed as a part of the aforesaid urban centers except Tikam Batu. Particulaty,
Kuala Ketil will have a .notc\ir.orthy .gr()w.th due to easy acc;ass:to the present intensive
industrial areas in and around Sungai Petani, Kalim and Butterworth,

The industrial area in Kuala Ketil cuircntly does ndt exist but wilt be about 74{)'ha in
the year 2000, The area is placed’ along the left bank of the Muda main slream

between the conflucnée of Ketit chr and Sedim River covcrmg a substantial part of

the probable flood inundation arca of 100-year retum period, as shown in Flg. 5.6.2,

‘Thus, the proposed indusirial area in Kuala Ketil contains a flood damage sisk, and a
certain coordination will be required between industrial development and the river

management for flood mitigation.

57.  Present River Basin Management and Monitoring System

5.7.1 Overall System

The present monitoring system for Muda 'Rii."er covers thréc (3) territories which are

mdependenlly managed by the State of chah the Stalc of Pulau Pmang and MADA

(refer to Table 5. 7 1 and Fig. 5.7. 1) V[omtonng by the State of Kedah and the Slatc

of Pulau Pmang is rcspcchvel) made within the hmlts of cach state boundary. The
catchmcnt atea of Muda Dam i is, however not included in the momtonng coverage of
the State of Kedah although the area is tocated within the state. Instcad, the catchment
is under the monitoring of MADA for the sake of irrigation supply from Muda Dam
to the Muda irrigation scheme. | | '

Thus, there docs not exist any integrated moniloriﬁg system for the entire river basin.

Furthermore, the existing system is available to monitor the river hydrology including
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rainfall, the water tevel, the flow discharge and the water quality, but not available to
monitor sediment load, the indispensable information to control rivér channel erosion
- caused by the present excessive §andr'm'irir1ing operations. Therc exists no sys!e.m to

monitor the river envirornméht_s such as river biology (fauna and flora), river scencry,
“and also to monitor the basin tand development conditions as well ‘as the forest
| ICSCive cbndili:)ns that arc fhc dominant facters on the basin runoff conditions and the
basin sed;ment yleld Moreover, the number of cxisting hydmlogacal rnomtormg

stations is not necessarily suffi cient as dcscnbed in CHAPTER 6,

5.7.2 ‘The Systém Controlled by the State of Kedah

The major monitoring items are water: I¢vel and rainfall for flood forecasting and
warning, ’[‘here are ten (10) water level monitoring stations, out of which three (3)
slahons are for common use of ramfall monitoring. All menitored dala are transmitted
on real time base through VHF or tc!ephonc system to the State DID Officc which i 1S

locatcd at Alor Setar. It is, however, scheduledthat the data transmission system from

six (6) monitoring pmnts IS 1mproved to a telemetey syslem in 1994.

River channel erosion andfer sedlmentanon are also monitored by DID through
periadical on-site mspectmn Furthcrmore, the water quality of Muda- River is
monitored by DOE at 17 sampling points. In addition te the DOE’s sampllng pomt
PWD also monitors thc water quallty at its 17 mtake points and sends the results of
monitoring to DOE.

Low flow water level is monitored by DID at its 28 imigation intake poinis and also
by DOE at its 17 1ntakc points for domcstlc and industrial water. The momtorcd data
are, howcvcr, sent lo lhe:r head off icés on non- real time base.- Furthemlore, the
schcdulc of water mtakc is mdcpcndenlly made in accordanca wnh thc low flow data
_ monitored at cach mlake pomt Thus, nobody knows lhe mtegratcd water mtake
volume from the entire river strctch and the momtorcd data are not substantially
reflected to the cc)mprchenswe conlro! of low ﬂow rcglme as well as water ailucahon

for cach m(akc pmnt of Muda Rlver.
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5.7.3 The System Controlted by MADA -

The momtonng system under MADA was devclopcd to tauonahzc water allocation
for the Muda 1mgatton scheme usmg tocal ramfall and the runoff dischargc from the
catchment arca of Muda Dam as the water source. There are 70 ramfall momtorlng
stations consisting of 39 manual gauging stations and 31 tclcmetry gauging stations.
Among the télemelry gauging stations, 26 slations ate commonty used by water level
gauging stations at key locations along Kedah River and at the'inlet point of the
conveyance tunncl from Muda Dam to Pedu Dam. Water quality is also monitored at
~ the rescrvoir of the Pcdu and Muda dams, All monitorcd data could be transmiited to
the head office of MADA which is located in the suburbs of Alor Sctar on real time
base. Thus, monitoring on the catchment area of Muda Dam is independently made

by MADA, and rather isolated fram monitoring on the lower reaches of the dam.
574 Thé:Systcm Controlted by the State of Pulau Pinang

There are two (2) water level gauging stations atong the downsiream of Muda River.
These gauging stations are used, in principle, for flood forecasting and waming, as
well as monitoring of low water level of the downstteam stretch of Muda River
within the State of Putau Pmang ‘The water level monitored by thc State of Kedah at
two stations (Jcmang and Jam Shed Omar) are also transmitted to the Statc of Pulau
Pmang for the sake of ﬂood forecasting and warning. T hus, as far as flood forecasting
and wéming is COHCCHIéd!_ intesslate monitoring is made, although it is still in a

pre]irﬁinary level.
5.8  Tustitutional Setup for River Management

5.8.1. Existing.l'nstitutlonal Framework

The activities telated to river management in bmh thc states of Kedah and Pulau
7 Pmang are managcd by varlous govemmem and/or sem:-govemmcnt agencies under
the supervision of the State Executive’ Council (EXCO), the State Plamung
Commnllee (SPC) and the State Lconf)mlc Planning Committee (SEPC), which are all
chaired by Mcnten Bésar of the Statc of Kedah or the Chief Minister in the case of
" the State of Pulay Pinang, '
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The principal task of EXCO is to formulate the state development policiés. The main
functlons of the Statc Planmng Commntcc is to pmmote in the state and to advise the
Statc Government w:thm the framcwork of thc national po‘licy, the cnnservallon use
and davclopmenl of al lands in the state. Thc SPC is lhcrefore rcsponsnblc for the

phys:cal planmng of land use in the state.

The - State Bconomi¢ Planning Committee acts as the- coordinating ‘body for the
devetopment policy_éslablishcd by EXCO, and the development projects proposcd by
‘cach agency in charge. All development projects submiltcd by each agcm:) for
lmplcmcntahon ar¢ subject to the final approval of SEPC and EXCO.

The' Secretariat to SEPC is the State: Economic ‘Planning Unit (SEPU),' the lead
developing planning agency at the state level.” It acts as the liaison béiween the
Economic Planning Unit at the fedéral lével and the various agencies at the state
level, It is also responsnblc for the formutation of devclopmcnt plans and for policy
advice within the state; for coordmatlon of devclopment initiatives among different
agencies and admlmstrath support services to EXCO and various committees
regarding development issues. The main water use agencies in the states of Kedah
and Pulau Pinang are as discussed below.

The functions of the State Drainage and Irrigation 'Dcparl'ment arc to provide
irrigation facilities for cultivation of padi (rice) and othcr crops to prowde dramagc
facilities for the ‘advancement of agricultural activities, to maintain and to improve
river flow which includes flood mitigation works, and to collect hydrolt)gical data for

studies to evaluate the development and management of water resources.

In Kedah, domestic and industrial water supply is the responsibility of the Kedah
State Public Works Department. In Pulau anang, howevér, under the Penang Water
Enaciment, 1972, which was passed on August 7, 1972 and became eftective in
hnuary 1973, the functions and dutics related to the Supply of water in the State of
Pulau Pmang werc transferrcd from lhe Cxty Counml of Georgc 'lovm and the Public -
Works Dcpartmcm of Pcnang to lhe Penang Water Authorlty (PWA)

MADA which was cslabllshed in 1970 is responsible for the Muda Irngatmn Scheme
with paddy development as its main activity. Since MADA is the largest water user
in the Kedah river basin, it is also responsible for water allocation a'ri'd management

within the basin, through the operation of the Muda, Pedu and Ahning dams.
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Other ageneies which are indirectly involved in river management and/or river basin
management arc the State Forestry Department, the State Land and Mincs
Department, the local authorities, and the State Town and Country Plabning

" Department,

5.8.2 Major Issues and Problems

Through the interview survey on the above institutional sctup, two {2) major
problems were initially recognized. The first problem is the lack of a state
inter-agency coordinating body to implement a comprehensive management work.
Due to the lack of such coordinating body, various incensistent river management
works are secn in cach of the states of Kedah and Pulau Pinang. In the State of

‘Kedah, the present water intake from Muda River is, for instance, made

independently by PWD for the domestic/industrial demand and by MADA/DID for
the imigation demand without any coordination among them. Even the present
irrigation schemes managed solely by DID have their own water intake schedule
without any codrdinaiio_'n with the other schemes. SPC is apparcently having a

function to coordinate the inter-related agencies and to determine/approve rather

general andfor broad dircctions of waterworks, However, the function of SPC does
not extend to the formulation of a detailed and well-coordinated implementation plan
for river management,

The second problem is the lack of an interstate coordinating body for the river
management works among the states of Kedah, Pulau Pinang and Perlis. The present
water resources of Muda River is used by the states; however, there dacs not exist any

‘integrated coordinating body as well as any agreement among the stales to allocate

the water supply for cach state. This problent is cumently rather latent as water
shortage of Muda River has been scldom expericnced. However, the future morte
intensive use of water resources of the Muda River would induce a serious argument
among the states.

An interstate commiltée for the development of the Northern Region has beea
organized by four (4) states, that is, Perlis, Kedah, Perak and Putau Pinang. The chief
minister of each slate is a major member of the committee, and the sceretariat office

s placed in the State of Pulau Pinang. The commiiltce is likely to have a function to
discuss/coordinate the development poticy for Muda River, but the detailed

implementation plan for the river management works for Muda River could not be

- made through the committes.
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CHAPTER 6. FLOOD MITIGATION PLAN

© 6.1 Structural Plan

6.1.1 Design Flood Level

T he desi'gn_ flood level is proposed to comespond to the probable flood runoff
discharge of 50-year return period in due consideration of the recurrence probability
of the recorded maximum flood in 1988, the guidelines preparcd by DID, and the

‘design flood levels applied in the recent flood mitigation plans on the strategic rivers.

Ajﬁong the floods recorded since 1967, the 1938 flood has the largest scale causing
the flaod inundation of about 78 km” in the low-lying area in the Muda river basin.
The recorrencé probability of the peak discharge at Ldg. Victoria in the 1988 flood
was estimated at about 45-year return period (refer to CHAPTER 3, Subsection 3.2).

A return period of 50 to 100 years has been applied for recent floed mitigation plans
on the strategic rivers. Moréover, the guidelines for the design flood prepared by DID
applics the design flood of 25 to 50-ycar return ﬁcrio’d for agricultural areas and
100-year return period for urban areas. The present flood prone areas in the Muda
river basin are used as agricultural tand, but scveral urban and industrial development
plans ar¢ being implemented as described in CHAPTER 5, Scctions 5.5 and 5.6. In
due consideration of such ongoing urban and industrial development plan, the design
scale of 50-year return period specificd in the guideline is found adequate for the

basin development conditions of the Muda river basin.
6;1.2 'Ta'rget River Stretch and Design Discharge

Thc‘flo'{:)d-pro_nc areas widely spread along Muda River and its {ributaries (refer to
CHAPTER 3, Scction 3.1). It is, however, cconomically unfeasible to pravide all the
. stretches with structural measures. Structural measures shall be concentrated to high
priorily stretches to be selected considering their land use, population, assets, future.
development and severity of ﬂood_damage. For the other low priority stretches,
non-structural measures shall be considered to minimize flood damage, preserving the

existing retarding effect.
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Therefore, four (4) stretches were sc!CCtég} as farget stretches for the structurat flood
mitigation plan. ‘The target stretches selected and their design discharge are

summarized as below (refer to Fig. 6.1.1).

Target River Strelch for Structural Flood Mitigation Works

River Steelch Length Reference Point | = Design
(km) " Discharge
S IR Y
Muda River . | Lower Muda River | 40.3 ~ | Ldg. Victoria~ L 1,300
C - | Kuala Ketit Town | 3.5 | Jam. Syed Qmar 1,100 ¢
Ketil River | Kuala Kelil Town - 1,9 .. | Confluence with Muda River | . 760
S .| Baling Town 1 08 | Pufai : E 500
Chepir River - | Sik Town 1 08 | SikTewn : © 130

* Regulated discharge by Muda Dam Reservoir.

It is hercin noted that i_hc cxisting Muda Dam has a significant natural flood
regulation effect by its retention volume and, therefore, such natural regulation effect

is incorporated into the design discharge listed above.
6.1.3 Alternative Structurat Measures

| Stiuctural measures generally include river channet improvement and construction of
- a bypass floodway, a retarding basin and a flood mitigation damn reservoir. Among
~them, a bypass floodway is difficult for Muda river basin duc to the topographic

conditions. A suitable area for a rctarding basin also was not found along the rivers.

As fOl‘.ﬁhG flood mitigation by dam reservoir, there are several poteniial dam sites in
the Muda river basin. The catchment area of these potential dam silcs are, however,
cxfrémeljr small and the flood mitigation cffecls by them are judged to be nil.
Consequently, river channel improvement works are solcly sefected as the possible
structural measures for Muda river basin, - I |

This river channel improvement aims at increasing flow capacity of the channel by
deepening, widening and canalizing the existing river channel and constructing dikes
on the banks. Among the target ﬁQér Strct¢hcs,‘tﬁe LoWer Muda River of 40 km in

tength will have long continuous dikes to confine the design discharge in a design

channél: On' the ‘gﬁlher hand, the short target stretches ‘such as Kuala Ketil Town,

Baling Town and Sik Town are to be proteeted by short” dikes with particular
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attention o minimize the adverse effects on the present natural rotatding cffects

caused by the short dikes.

6.1.4 Prcliminary Désign of River Improvement Plan

The preliminary design for the four (4) target river stretches were made as discussed

below.

(1)

@)

@

River Alignment

The proposed river alignment is, in principle, to follow the existing alignment
N o 4 kT . At .. . o4 - +
so as to minimize construction cost, land acquisition, housc evacuation and

relocation of (he existing structures. As for the target stretch for Kuala Ketil

“Town improvement works, however, a cut-off channel is proposed to reform an

cxcessive meandering stretch that tends to decreasc flow capacity and cause

bank crosion.
Longitudinal Profile

The existing aw:fage riverbed profile is proposed as the longitudinal profile
considering that the existing riverbed has be¢n formed as the resuit of long-term

natural phenomena and could be stable should the present excessive sand

"-mining be SUSpcnded'. The design high water level is also set below the ground

+ level of the hinterland so as to minimize the flood damage potential.

Cross Scction

Among the target river streiches, the steetch for the Lower Muda River
Improvement Works adopts the compound cross section composed of a low
water channcl and a high water channel 10 minimize embankment height and to
assure channci stability. Thc Cross section of the fow waler channel is
dc(crmmed to confine the ex1shng flow capacnly of 600 m’/s. As for other target
river strctches hc)wcver the smglc cross section is adopted in due c0n31dcratmn
of dlff'cul(y of land acquisition, smaller design discharge and the present shape

of the single cross section.



Chapter 6 Ilood Mitigation Plan
(5) Principal Features of River Improvement

Based on the aforesaid design discharge as well as désign critéria the
pretiminary design of river improvement works was made for cach of the target
river stretches (refer to Figs. 6.1.2 to 6.1.9). Thc pnncnpal fecaturcs of river

* iraprovement works arc as summarized below.

Principal Features of River Improvement Works

Description Unit Lower - Kuala Keiil Town Baling Sik
. Muda Rivee Muda Kl Town Towa
- ‘ - River Cmive |
Steetch Length m 40,300 1,870 - 920 - 750 ] BOO
Design Ditcharge s © 1,360 - | 1,100 700 | 500 130
River Width m 150 - 1,600 1K) . N -+ 130
Excavation/Drédging 10° m? 10,400 B 322 i1s 52
Embankmsal 107 ! 1,100 224 | 128 | 144
Revetéar . 10°m & C23a 121 136
Sluices 1o be Consirucied Yocation - 28 3 : 2 - 2
Barrage 1o be Réconstructed - | location 1 0 o g 1]
Drops 16 be Reoonstructed Yocation L) 1 1 - '] 1]
Pusnp stations to bz Relocated | location 3 0 0 0 0
Bridges to be Reconsicucted Iocation .2 0 i 3 o
Bridges to bz Reinforced location -3 1] o . .0 0.
Land Acquisition ka 510 118 23 1.5
House Evacuziion house 189 9 28 12

The cxistiﬁg flow capacity at the Muda Barrage is estimated at only 250 m’/s or less
than 20% of the design discharge of 1,300 m%s. Therefore, it is_indispcnSahIc to
reconstruct the baﬁagc as a major part of river improvement works for the target river
stretch of Lower Muda River (refer to Fig. 6.1.10); The reconstruction will include
the excavation of a 1,300 m long cut-off channel to increase the _channel_ﬁow
capacity and to facilitate the construction of a barrage on dry land, The l:an'.d for
cut-off channel is mostly owned by the State of Kedah, therefore, the related land
acquisition can be minimized.

The 'pr‘cs'ént state boundary is set up along the center line of the Muda rivcf'éhalmel
therefore, the above proposed cut- aff channel may changc thc state boundary bc:wecn
the statcs of Kedah and Pulau Pinan g The center line of the channcl will movc by a
maximum of 350 m towatds the Kedah side, and some 30 ha of land would shift to
the territory of the State of Pulau Pmang Nevcrthcl::ss, the ahgnmcnt of the cut off
channel is proposcd as the opllmum plan from the cngmccrmg vmwpomls, and a
cerlain agrcement between the states will be, required to delincate the new state

boundary in conncction with construction of the new cut-off channel,
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6.1.5 . Preliminary Design of River Mouth Improvement Works

“In addilif)n to the aforcsaid river channel improvement works, the impmvomcm for

he river mouth is pmposcd to cope with the prcscnt sﬂlahon and 1o facilitate the

navigation atound the river mouth,

In the "Nationat River Mouths Study by JICA in 1994" (hcrcinafler teferred to as

'NRMS), the Muda river mouth was studied as onc of the ob‘jc'c't'ivc river mouths, and

the folloxgiilg two altemative works were proposed as countermeasufes against river

mouth siltation (refer to Fig. 6.1_.11):

Casc 1 ' Capltal and Maintenance Dicdging _
Casc 2 | Capital Dredging and Combination of Submcrged felty and
Maintcnance Dredging

Cost comparison of the above two alternatives was madc through the updated

‘hydrological data surveyed in 1994. As a resull, Case 1, Capital and Maintenance

Dredging, is proposed as the optimum measure. The following table gives the total
cost for cach alternative as estimated in terms of net present value assuming that the

project life is 30 years and the discount rate is 8%. .

: _ . Unit: RM 1,000
Alternative Initial Cost Maintenance Cost - Total Cost

Casel 6381 6,632 7,363
Casé?2 . 3,569 5,095 ‘ 8,664

6.2  Non-Structural Flood Mitigation Measures

6.2.1 River Reserve and Controlled Area

A "river rcservc arca" and a "river controlled” area is (Iefined as a buffcr between a

river and 1!s adjacent area to pmtect it from undesirable activities. Their importance

' has been fu]ly acknowledged among the officials concerned. A river reserve area has

been proposed by DID for years but not successfully executed for the Muda river

basin.

The riverside arcas of Muda River are being affected by the recent sprawling land

devilopments. They are exclusively uséd as private land and far from management,
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For rcalizing orderly and hamionized devetopment’ of lhc river chvironnicnt, thé

delincation nf adequate space for a river reserve arca is urucnll} required. From this

vu:wpomt, & river tescrve arca and a river contralled area is pro_poscd_fnr the Muda

River from the \?icwpoint of flood mitigation. The required land 'ac_quisition and

functions of these areas arc summarized as below.

1

@

River Reserved Area

Entirc land in this arca is subject to land acquisition by the govermmient, and any

private tand development works arc frozen under jurisdiction of the river

management body. The river reserved area shall be used as the space fdr the

river 1mpmvcmcnt works as well dS the . spacc for {)pcrahon and mamlcmnce as

' dcscnbcd bclow‘

(a) - Spacc for River Improvement Works

Re‘se(llemcnt/rcloéatidh is on¢ of the difficult problcms' encobntered in the
mlplemcntalmn of construction work, Many works have encountcrcd this
problem and some of them’ have been suspended because of it. To
'mmnmzc resettlement/relocation, probable arcas™ for future river -
1mpr0chcnt works is desirable to be protected from any development,

~and fo be acquited as soon as possible.
(b) Space for Operation and Maintenance Work
For operation and maintenance work, a road is desirable to be constructed
on riverbanks.

River Controlied Area

The prcsent private land tocated in this arca is not subject to land acqmsntmn by
the gOVCmment but all land dévelopment therein is to be conlrolled through

cvaluahon and approval by the river management body 50 as lo fuiflll ‘the

'followmg funchons

(a) Function as Natural Retarding Basin

- Flood inundation areas function as natural retarding basin to reduce fléod

_discharge to the downstream stretehes, A decrease of sitch: inundation
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areas by devclopment may result in the increase of burden to the
downstrcam arcas. In addition, the increase of assels in these arcas niay
lead 1o the increasé of flood damage potential. Thetefore, disorderly

development in the inundation areas shall have to be avoided,
(b) Space for Bank Er‘qﬁon and Mcandering

A meandering river like the Muda River needs a buffer arca for possible
bank erosion/mcandering, if no protection works such as revetment and

‘groin are provided.
(¢) Buffer Area for River Struclures

A river structure ‘such as dikc shall be protected from undesirable
“activities which may ‘affect it. In Japan, a buffer/belt arca with a width of

- 20 m along a dike is designated as a river controlicd area,

The DID Manual proposes a standard minimum width of a river reserve area
according to the river width. For éiampic, the minimum width of a river resesve area
is 50 m on each bank whcn the river wrdlh is greater than 40 m. As described above,
howcver a Fiver reserve area and a river controlled area have some functmns cach of
which needs a dlffcrcnt width to suit local conditions.

In this Sludy, the river reserved area for Mud'a'R'is.;cr is prOpoSed in due consideration
of the’ ncccssary space for lhe proposcd niver :mprovement works as well as the
necessary river operatlon and maintenance works. Wh!lc the river controlled area is
proposed as the extent of the posmb!c flood inundation area of IUU-ycar return period,

the possible extent of the river crosion and meandering and a belt area of 20 m in

‘width along the proposcd river dike. The proposéd siver reserve area and river

controlled area cover an area of about 57 km” i totat along a stectch of 113 km of the -
main stream from the river mouth t_b the proposed Jeniang Barrage and a siretch of

41 kni long of Kclil Rivef from the"conﬂuéncc with the main slrcam to

| Kg Tg Metbau, as show:l in F;gs 6 2.1 to 6.2. 2 and in 1/20,000 topo -sheels in the

‘Data Book.. The avcrage w:dlh of nvcr rescrvc arca and river conlroilcd area is about

69 m and 167 m, rcspcctwely bolh for right and left banks, as listed bclow.
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Proposed River Resésve Area and River Controlled Afea

River Stretch . . Stietch River Reserve Area . | - Rivei Conlrolled Area
| Length Area Width* - | Area Widih*
S g e | ) | ) | (m?) (m)
Muda | Lower Muda River (River 40.3 © .56 69 1.6 20
Mouth 16 Ldg_ Victoria ' ‘ N '
Ldg. Victoria to 729 Nit Nil 331 227
Propesed Jeniéng Barrage L s o S )
Ketit | Muda Riveito . 410 Nit Nil - 169 206
Kg. Tg. Metbau - '

Total (or Avétage) L 1542 - 56 | 69(Ave) |  s16 167 {Ave)| -
* Average width on one side. . :

‘According to Fig.6.2.3, the river channcls have changed their courses at- some
portions at a maximum of S00 m for the last 28 )cars Floodwaters nﬁay possibly
erode the riverbanks along the boundary of the proposed reserve areas, but it is
difficult to identify s‘uch.probablc erosion portions at present.. Periadical monitoring
is, therefore, very imporlant and, if sﬁch 'portions are' found by monitoring, a
structural countermeasure such as revetment shall be prdvided, or the river reserve

areas shall be extended to cover thc probable erosion areas.

62,2 Recommendalion for Improvement of Flood Forecastmg and Wanr nmg

System {FFWS)

DID has been makmg great efforts to lmprovc the existing FFWS which include the
' 1nstallahon of warning stations with siren and tclcmetnc ramfall and watcr lcvcl
gauges. It lS notcwoﬁhy that no loss of life was rcportcd cven dunng the 1988 ﬂood
mainly owmg to adcquate ‘warning and evacualmn achvmcs of lhe agencncs_
concerned. However arcas that could be 1mprovcd still remain, and some

recommcndatmns are madc as bclow.
(1) Improvement of Rainfall Monimring Network -

Ramfall dala arc csscnhal for flood forccastmg Howevcz, the exlsung ramfall._
stahons are concemrated in the m:ddle and downstrcam stretcbes of the basm

‘and the upstrcan mountamous ar¢as are rcgardcd as h)dmlbgwal blmd arcas. In
particular, the non- cx1slencc of ramfall gaugc m thc catchmcnls of Muda and._

the proposed Beris dams is a serious problem for dam opcratmn dunng ﬂoods
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As described in CHAPTER 9, several rainfall gauges, which are desired to be
equipped with telemeter, shall be newly installed in the upstrcam arcas to attain

cven distribution of rainfull gauges in the river busin,
Integration of FFWS

Hydrological information such as water level and rainfall is monitored by threc
organizations, DID Kedah, DID Pulau Pinang and MADA in the Muda river
basin. Data which arc monitored individually by the three organizations arc
scldom exchanged among them, although'they have a system (o transmit a few
water level data of DID Kedah to DID Pulau Pinang. Flood forecasting and
warning activities are also donc individually by the states of Kedah and Pulau

Pinang.

For taking a prompt action during floods and to avoid the duplication of
facilities and activities, a basin-wide integrated organization shall have to be
established with the function of integrating and cenlralizing all the FFWS works
in the river basin. The Technical Secietariat which is proposed as an
implementation organization of river management in SECTOR VIill,

Institutional Sctup Plan, can be the intcgrated organization for the FFWS.
Establishment of Warning System over Downstream of Dam and Barrage

Dams and barrages release watcer to the downstream for the purpose of irrigation

or industrial/domestic water, or exccute emergency release during a Rood. If

people are in a river channet for fishing, swimfning or playing when an
upstream dam or barfagc starts to release water, they may possibly be killed by
the relcased water surging from the structure. To avoid such a man-made flood
disaster, a warning system over the downstream stretches 6f dams and barrages

shall have to be established.
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CHAPTER 7. WATER RESOURCES MANAGEMENT PLAN

1.1 Projection of Water Demand

711 Premises for Projection of Domestic and Industrial Water Demand

' The future domestic and industrial -water demand has been projected through thic

following conventional formulas:

(Population) x (Service Factor) % PCDC
t+ (C/f Demand) + (Unaccountable Water)
‘+ (Industrial Water) ’

Treated Water ,_Demaud |

_Source Water Demand = (freated Water Démmld) + (TP Rél!a)
-+ {Industrial Water). '
whére, _ L :
PCDC  : Per Capita Daily Consumption
C/I Demand :  Commercial and Institutional Demand

TP Ratio  :  Treatment Plant Water Use Ratio (assumed at 0.95)

In the above formulas, thc trcated water demand expresses the actual water

- consumption of users, while the source water demand is the ncbessary watér to be

supplied from a water source to meet the {reated demand.

The water resources of Muda River serve the domestic and industrial water demand in

the states of Kedah, Pulau Pinang and Perlis. Among the states, the source of water

‘demand of the State of Putau Pinang will rely solely on Muda River in the year 2010,

while the states of Kedah and Perlis will rely an a combination of sources, Muda and
Kedah rivers. In the year 2010, the service factor for public water supply in all states

will reach 100%, and the sérycd population for the states will increase as below (refer

 “to Tables 7.1.1 and 7.1.2).
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Population to be Seived with Public Domestic and Industrial Watee

Water Source - Stale . - Scrved Populalion

' Present Projected in

) o 2010

Solely from Muda River Pulau Pinang 750,000 | 1,612,000
Kedah _ 299,000 : 910,000

- . Sub-Total 1,049,000 2,522,000
From both Muda and Kedah River | Kedah : 538,000 928,000

1 Perlis . 42,000 40,000

L L ‘Sub-Total . § - 580,000 | = - 968,000

Grand Total 1,629,000 - 3,490,000

" In parallel with the increment of the above scrved population, the industrial area in
the states wnll also remarkabiy mcrease ‘as listed below,’ from about 1,554 ha in the
year 1993 to 8140 ha in the ycar 2010 (refer to SECTOR V, WATERSHED
MANAGEMENT AND MONI l‘ORlNG PLAN) The demand for these mdus(nal

areas was estimated assummg an avcragc unit demand of 33 ,000 htcrs}ha]day

Induslri_al Area to be Served with Public Doméstic and Industrial Waler

Waler Soufce el State ____Industrial Area (ha)
SRR SRR " Present Projected in
‘ _ . L2010
Solely from Muda River : ‘ Pulau Pinang 881 3,980
Kedah 47 1,517
Sub-Total 938 5497
From both Muda and Kedah River . Kedah S .. 6316 - 2,642
Grand Tolal - 1,554 1. 8,139

In addition to the scrved pepulation and the industrial areas, various parareters siich
as per capita consumption, commercialfinstitulional water and unaccounted water are
tequired fo project the future walcr.de'mand These parameters were estimated in due
consideration of historical data, recent relevant study and design Crltcrla and slandard

The results of estimation are as tabulated below.

Parameters for Prbjeélion on Domestic and Industrial Water Demand

Deseription Per Capila Daily Rate of Commercial/ Unacoounted Water

Consumiption Institutional Demand o |~ Ratio t6 Total
(liters/personfday) ‘Fotal Domestic Demand Domestic Demand
(%) ()
| Urban (P. Pinanp) 00 30 15 -
Urhan (Kedah & Perlis) " 280 30 ' 15
Semi-Urban 200 15 ‘ 20
Rural . . 160 10 30
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7.1.2 - Premises for Profection of Irrigation Water Demand

The future itrigation water demand has been projéclcd ihréugh the following

conventional formulas:

Gross Demand - DS$(0 -"_DS(t-I )+ ET() + P() + DR(t)

 Net Demaizd ' = Gross Demand - R(1)

n

_ Demand from River = (Net Demand) [IF

: Whete,
DS(t)  : . Standing water depth in the field including soil saturatien on
- day "t". [DS(t) - DS(!-I) herein represents the water dcplh
stored in the field from day "t-1" to "t".]
R : Rainfall depth
ET( Evabotrénspiraiion
P(t) 1 Percolation
DR(t) : Discharge drained from the ficld
IF : . Irrigation losses (consisting of conveyance/diversion losscs and

field distribution losses).

Muda River, together with Kedah River, presently supplies the irrigation waler to
60 schemes that include 2 main granary schemes, Muda and Seberang Perai;
11 s‘ecOndaf){ granary schemes; and 48 non-granary schemes. In due consideration of
the "National Agricultural Policy (1992'-2'010),"-.& is assumed that the extent of the -

main and secondary jrritation areas in 2010 remains the same as that of the present,
The present imrigation intensily in th¢ main granary areas has already reached the
maximum limit:and, thcrcfu‘rc, will also remain the same as that of the present.

However, the intensily of the secondary granary aica_S in the off-season will increase

~ from the present rate of 80% to 100% in 2010, considering the current activitics done
" by MADA, DID and other related agencies.

~ As for other non-granary arcas, out of the present 47 schemes, 21 schemes will be

maintained as irrigation arcas in due consideration of their agricultural development
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potentials, Based on the assumptions mentioned above the irigation arcas in the year
2000 and 2010 are as projected belaw.,

Present and Pm]ecled Irrigation Area

: {(Unit: ha)
lerigation Area Number of Schemes ,Mam Season _Off-Season
g _ 1993 - 2010 1993 .| 2010 | 1993 | 2010
Main Granary Aréa 2 2 105222 | 103955 [ 105,222 | 103,955
Secondary Granary -1 11 6,676 | 6,676 5335 | 6,676
Area . )
Qther Non-Granary 47 21 - F. 12,158 7076 |- 6,126 ‘1 - 925
Atea _ : ‘
Total - 60 34 124,056 | 117,707 | 116,683 111,556

In addmon to'the aforesaid pmjcctlon 1mgahon arcas, therc are esscntial factors to
estimaté the futisre irrigation demand such as fanmng aclivities, cvapotranspiration
and percolation, and presatu:anon and standmg water, These factors were assumed
with refercnce to the present actual vatues as well as the values apphcd in recent

sludics.

7.1.3 ijected Water Demand-

Based on the prcmlsfzs descr:bcd in Subscctlons 7 1. 1 and 7.1.2, the total water

demand for domestic/industrial as well as ngauon water is as pchctcd below.

Projected Wates Demadd -

: _ Pressat . o Projected in 2010

. Dzmand Items Gross Demand .| Required from River _Gross Demand - | Required from River
S oL ae’yg | (@ | aotmiyg [ ®) | (Omhd | (@) | 0%k ] (%)

1. Domeestic/odostda | . . . o - L ; T
{a) Keédah Suste 129 | 43 136 | 67 | en sy 13.1
)} Pulau Pinang State 166 5.8 194 9.6 300 | 99 ]| aso 162
c} Perlis . 9 Jo3 | 7 e | Tea 9 0.3 9 04
‘Sub-Total J 304 104 339 16.7 580 192 &40 29.7
2. fuigation Waltee : g ) ) S R :
(3) Muda lisigation 1,977 63.9 1,391 636 | 2010 666 | 1,230 572
scheme . - ) . K R e R R
(t)_BatiX/Seberang _ 156 | 54 &0 3.0 170 56 |- 100 a4
{c) Others e | 433 154 - | . 216 - 1907 | 260 | <86 | 180 [ 84
Sub-Total 2,566 89.4 i,687 813 2,490 803 1,310 703
Grand Total - 2,370 100.0 2,026 1000 ] --3020 ] 1000 ) 2150 | 1000

As cstimated above, the domestic and mduslnal water demand takcn ffom the river
source will increase from 339 miltion’ n’fyear ‘4t present to’ 640 ‘million m>/yéar or
1.9 times of -the present value 1n- the: year  2010; This remarkablé increment is
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alleibuted to the population growth, the increment of per capita watér consuiption
" and the intensive industrial development.
In contrast with the domestic/industrial water demand, the total irrigation water

demand will slightly decreasc due to the following reasons:

() “The total irrigation arca in off-scason is projccted to decrcasc from thc

- present 116,683 ha to 111 556 ha in the year 2010;

(b) In the Muda inigalmn area, the tertiary irrigation canals are being
improved; heitce, the irrigation efficiency is increased from 56% at present
“to 63% in the year 2010; and

{c) Among others, the irrigation water demand for Seberang Perai only will
increase. This is due to the projected alternation of irrigation schedule,

which was clarified through the interview survey made in this study.

7.2 Sereening of Necessary Water Supply Facilities

7.2.1 Design Prought Level and Objective Facilities for Screening

A certain water deficit will possibly ‘occur due to the aforesaid incremental water
demand projected by the year 2010, unless a new water resource development project
is implemented. In due consideration of such water deficit, a waler demand and
supply simulation was made to select the necessary water supply facilities to meet the

projected water demand in the year 2610 under a proposed design droﬁght level.

The design drought tevel is herein proposed to correspond to a 10-year return period
in drought ICCuIence pmbabjhly that is generally applied in the water development
plan. The water supply and demand balancc is simulated for a 30-year period from
1962 to 1991 ‘and the objcchvc drought year is assumed as the third largest water

~ deficit year in the simutation period.

*The ncccssary watcr supply facilitics were sc!ected through the scieening of (a) Beris
‘ Dam, (b) Jeniang Transfer Canal, (c) Naok Dam, and (d) Reman Dam. Thesc
objectives of screening were the major facilities proposed in previous retevant studics.

Aside from the objectives of screening, séveral potential dam sites were preliminary

7-5
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identificd. in the previous studies; namely, Tawar Muda, Batak-t¢min, Sari- and
Durinang. The active storage of these potential dam sites is, however, extrernely

small, so that they were gxclu_d_eﬂ ftom the objectives of screening.

The water demand and supply balance simulation was made on the premise of the
cxnstmg watcr supply facititics: as well as’ these proposcd influential facilities,
Through lhe snmulallon, the frcqucncy of occurrence of water deficit was estimated

for the following three assumed levels of water Supply facilitics.

1 Level 1 Existing facilities (Pedu Dam, Muda Dam, and Ahning Dam} + Beris
Dam ' . :
Level 2 Existing Facilities + Beris Dam + Jeniang Transfer Canal + Naok
Danm _ _
Level3 . | Exisling Facilities + Beris Dam + Jeniang Transfer Canal + Naok
_ | Dam + Reman Dam

7.2.2  Priority in the Use of Dam Reservoirs

The simulation model includes the Kedah river system and the Muda river system,
since the water source in Muda River is conveyed to Kedah River. Both river systems
arc connected by the diversion tunnel from Muda dam reservoir at prcsént, and
possibly futther by the proposcd Jeniang transfer system in future.

In the simulation, these river systems will have the water stpply from dam reservoirs

in accordance with thc following priorities:

(1) Kedah River System

First Use - | Pedu and Muda dam’ supply for the enure deficit in the Kedah river
o syslem,
Second Use When the storage volume uf Pedu and Muda dams fall to zer0, Ahmn 2

Dam starts to supply the deficit in the northern part of the Kedah rives
system, and Naok and Remand dams also stast to supply the def‘ c:l in
the southern parl of the Kedah river system

The nodhem pait of Kedah river system is herein’ defined as the
northern part of Muda miganon scheme from Badang Terap River,
while the southern part is the remaming part of Muda (refer 1o
Fig. 7 2.1). i :

7-6
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- Muda River System
FirstUse - . | Beris Dam supplies the entire deficit in the Muda river system.
Second Use When the storage volume of Beris Dam falls to zero, Naok and Reman
‘ " - | ‘dams start 1o supply the entite deficit in the Muda rivet system.

7.2.3 Frequency of Occurrence of Water Deficit

The frequency of water deficit was cstimated assuming the following lcvels of water

supply facitities:

Q)

@

‘Levet 1 (Existing Dams + Beris Dam)

The annual minimum storage volume of the existing dam reservoirs (Muda,

‘Pedu, and Ahning) and the propased Beris dam reserveic were estimated based

on the water supply and demand balance simulation, as shown in Tables 7.2.1
and 7.2.2. As shown in Table 7.2.1, the Muda river system has a water deficit
for 5 years among the 30 years of simulation period with the annual minimum
storage volume of Beris Dam falling at the zero level, while the Kedah river
system has a water deficit for 10 .years with the annual minimum storage

volume of Ahning Dam.

At present, runoff discharge in the catchment area of Muda Dam is once stored
by Muda ljam and conveyed through the Pedu dam reservoir into the Kedah
river system. Such present water conveyance system does not improve in case
that Beris Dam is .so’l‘cly constructed Wilhoul the Jcﬁiar_:g Transfer Canal.
Acebrdingl.y, thé sole construction of Beris de will increase the present water

supply cépacity for the Muﬂa_ river systefn including the State of Pulav Pinang,

‘but witl not improve the water deficit of the Kedah river system.

Level 2 (Existing Facilities + Beris Dam + Jeniang Transfer Canat + Naok

‘Dam)

The storage volume of Naok Dam ¢an supply both the Muda and Kedah river

, . systems except the northern part of the Muda irrigation scheme. Thus, the water

deficit in both Muda and Kedah river systems could improve in this case.
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As shown in Tables 7.2.3 and 7.2.4, however, the water deficit of the Muda
river system occuss for S years among the 30 years of simulation period with the
annual minimum storage volume l')“f:Beri_S Dam at the zero lcvci_. The years of
water deficit are the same as thosc in Lovel 1 (Solo Construction of Beris Dam).
Thus, Naok Dam could hardly i:npfﬂve the deficit of the Muda river system,

and this is attributed to its smatl slorage capacﬂy.

On the other hand, the year of water deﬁc]t for the Kedah river system is
teduced from 10 to 6 years of the water deficit estimated in the aforesaid case of
sole construction of Beris Dam. The reduction of water deficit years is attributed

to the fact that the storage volumes of Beris Dam and Naok Dam could be

supphed to the Kedah river system through the Jeniang Transfer Canal,

Levcl 3 (Emshng Facilities + Bcrls Dam + Jcmang Transfcr Canal + Naok Dam

o+ Reman Dam)

- The storage volume of both the Naok and Reman dams could be supplicd to

both the Muda and Kedah river systems; therefore, the waler deficit in both

-+ Muda and Kedah river systems could be remarkably improved.

* As shown in Tables 7.2.5 and 7.2.6, the water deficit of the Muda river system

and the Kedah river system occurs for only 2 years among the 30 years of

- simulation period with the annual minimum storage volume of Naok and Reman

dams at the zero level.
The two years of water deficit for Kedah river system 'is-_,'hlowevér, applied only
to the southern part of thc'Muda 'irrigation schem"é, but not to the northern part.

The nonhem part of Muda imgah(m scheme could be supphcd only ﬁom the

exnstmg Muda, Pedu and Ahnmg dams duc to the {opographic condmons ‘and

wilt have 7 years of water deficit as proven by the ycars when the storage

volume of Ahning dam falls to zero (refer to Table 7.2.5).

724 Screening of Neccssary Water Supply Facilitles

Thc frcqucnc_v of water deficit for each lcvcl of watcr supply faClllllcS is as

summanzed below
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Number of Water Deficit Years for Alternative Water Supply Facititics

Level New Water Supply Facililies Number of Wates Deficit Years during 30-
Assumed Year Simulation Period
: : Muda River System | Kedah River System

Level 1 | Bedis Dam _ . Syeas. . 1D years
Level 2 | Beris Dam + Jeniang Transfer Canal S years 6 years

+ Naock Dam _ » ) . .
Level 3 | Beris Dam + Jenlang Transfer Canal 2 years 2 years

+ Naok Dam + Reman Pam

The design drought level of a 10-year return period in drought recurrénce probability
is to guarantee the full water supply until the third largest drought year during the
30-year simulation period and, among the levels of the new water facilities, only
Level-3 could satisfy such dfought design level. In other words, all the proposed
facilitics (Beris Dam, leniang Transfer Canal, Naok Dam and Reman Dam) arc
required to guarantee a full water supply for the projected water demand in the year
2010.

The aclive storage capacity and available supply area for these cxistiﬁg and proposed

dams are as summarized below (refer to Fig. 7.2.1).

Existing and Proposed Dam Reservoirs for Water Resources Development

Water Supply Area ‘Available Dam Catchment Active
. Supply Source Area Storage
' (km’) Capacity
(10° m’)
Noshern and southetn part of Muda irdgation scheme Pedu (Existing) 171 1,049
' Muda (Existing) - 941 160
o R - - | Ahning (Existing) 120 - 200
Southem pant of Muda Irripation schéme and the whole Beris (Proposed) 116 114
supply area fof Muda river system . Naok {Proposed) 15 -
: Rewsan Proposed) 32 240

It is hercin noted that the ni’ﬁthcrn part of the Muda irrigation scheme is out of the
available supply arca from the proposcd Beris, Naok and Reman Dams, and excluded
from the arca where the design drought levet is guarantced by Level 3. In the northern
~ part, the water supply facilities in Levél 3 could cause 7 years of water deficit among
the 30 years of simulation period as described above. However, such excessive water.
deficit years could be reduced to the design drought level, when the comprehensive

 dam operation rule is applicd instead of the simple priority use of dam reservoir
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assumed in the simulation. Details of the comprehensive dam operation wle are

described in the following Section 7.3.

13  Dam Operaﬁﬂn Rute for Batanced Water Supply

3.1 Purpose of Dam Operation Rule for Balanced Water Supply

It is proposed through the simulalion on water supply and demand balance to
constrnict the Beris, Naok and Reman dams as the necessary new water sources to
meet the projected water demand in the year 2010. In the simulation, however, the
operation tule for the existing dams (Muda, Pedu and Ahning dams) and the prop{)s'cd
dams is subjcct to the simple priority in the use of the dam reservoirs in such that
Naok and Reman dams start their water supply after the storage volumes of the

cxisling Pedu and Ahning dams fall to zeto.

Such simple priority in the use of dam reservoirs could cause morc frequent water
deficit in the northern part of the Muda irrigation scheme than other objeclive water
supply areas, as deseribed in Subsection 7.2.4. Hence, an aftempt was made to
improve the dam operation rule to induce a more critical and well-balanced water

supply.

73.2 Selccte_d Dam Operation Rule for Balanced Water Supply

'Among the objcctive dams, only thc Pcdu and Ahning dams are avaitable to supply :

water o the northern part of the Muda imigation scheme. Should Naok and Reman

dams stast their water supply for the southern part of Muda mlgallon scheme before

the storage volumes of Pedu and Ahning dams fall o a certain level, the storage
volume of Pedu and Ahning dams can be saved and used for water supply of the
northemn part during its drought period. As a result, the water deficit in the northem

area can be improved.
in due consideration of the above conditions; trial simulation was made to select the
optimuin rule assuming various timings for stariing the water supply from each dam,

As the tesult, the following rule is proposed o minimize the frequency of water

deficit for all objective water supply areas including the northem part of the Muda

irrigation scheme.

7:10
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Dam Operation Rule for Balanced Water Supply

Dam Storage Volumé . Damsto Supply Kedah River System . Dam ¢ Supply Muda

“Storage (10 m’) : . River System
Pédu and Naok and Northern Part . Southern Par .

MudaDam | Reman Dam ' :
> 400 Full Pedu : Pedu Beris, Naok, Reman *°
100-400 | >150 | Peda, Ahning *' | Naok,Reman*' .- 1 Beris, Naok, Réman **
< 150 Pedu, Ahning *' Naok, Reman, Ahnmg, Beris, Naok, Reman *°
<300 . > 150 Pedu, Ahaing*' Naok, Reman, Betis ** | Beris, Naok, Reman **
<150 . | Pedu, Ahning*' | Naok, Reman A}mmg, Beris, Naok, Reman *

Deris **

*1: Necessary watet supply is ancaled to each dam in accordance with the. tations of their residual
reservoir volume,
#2: After residual storage volame of Beris Dam falls to zero, Naok and Reman dams start walec supply.
+ *3: When necessary water supply from Nack and Reman dams is deficicot, Ahning Dam starts to
supplernént the defici¢ncy, :
When the above dam operation rule is applied, the annual minimum storage volume
of all existing dams as well as Naok ard Reman dams falis to zero for onty two ycars
among the 30 ycars of simulation period (Table 7.3.1). This condition’ indicates that
the design drought level of a 10-year retum period in drought recurrence probability
can be guaranteced for all objective water supply areas including the northern part of

the Muda jrrigation scheme.

74 Comprehensive Dam Operation Rule

7.4.1 -Purpose of Comprehensive Dam Operation Rule

““The dam operation rule mentioned in the previous subsection does not contain any |
factor to adjﬂét dam water supply volume corresponding to the drought conditions, so
that the dams need to continue full water supply uniil their storage volumes fall to
zero. Such operation rele could minimize the water deficit period, but also cause an
extremely Iérgc shortage of water supply during the “cro period of dam storage
volume. To avoid such undesirable condition, an attempt was made to improve the

aforesaid dam operation rule.

Before the dam storage volume drops to zero, the dam reservoir shoutd start to curtait
it water supply and stock the watér for the future water deficit,’Such curtailment
might sometimes result in wasting the watér source dué to recuperation of siver flow

regime. It is, However, difficult to know the precise futute fver flow regime and,
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therefore, such curtailment should be made on fixed reservoir conditions regardless of
the future river flow conditions. In this connectien, alternative curtailment wles were
prepared, and the optimum rule was sclected from them to minimize the index on the

;drought.damage mentioned in the succeeding subsection.
_7,4.2 Tndex to Express Drbﬁ‘ght Damage
‘The following indices are c.'oriven'l.'ionally used to exi:reés droﬁght damage:
| (a) l)n‘)ugﬁt Percent Day - ¥ [deficit (%) x [number of drloughtr days]}
(b) | ‘Square Draught Percent Day = 3 {{deficit (%)]zlxl[numb'cr' of drought
days}}

(c) _Funcllon of Drought = 3, {[deficit (%))’ x [water demand] x [numbcr of
- drought days]}

(d)  Amount of damage caused by the drought.
The above index (d) will be the most reliable index to evaluate the effect. It is,
however, difficult to adopt this index in this Study due to lack of available basic data
for the index. Instead of the amount of damage the magmlude of water deficit could

be expressed by a combination of the deficit ratlo and the number of deflclt days as

'cxpre-sscd by indices (a) to ().

In index (a), the deficit rauo and the number’ of deficit days arc equally evaluatcd for
instance, the magmlude of dcflcu 1s cva!uatcd as the same for the followmg two

cases:
~{a) Case1: 100% of deficit ratio % 10 days of deficit = 1000 % day
(V) Case2: 10% of deficit ratio x 100 days of deficit = 1000 %day

However, the conditions of deficit in Case 1 is more serlous than' that of Casc?2
frccziﬁg all civil life during a deficit period. From this viewpoint, the deficit ratio
should be emphasized more than the' number of deflcﬂ «days, and indices (b) and (c)
will be more preferable than index (a). In this Study, index (c) was finally sclected as
the most preferable index to cvaluate, because fndex (b) cannot express the dlffcrence

of water deficit by the water demand volume. Among the alternative ‘rules, the

7412
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optimum -rule should minimize the valuc of index (c) cxpressed as the drought

damage.
7.4.3  Optimum Comprehensive Dam Operation Rule

Through the step-trial simulation, the oplimum dam operation tule was sefected

~ minimizing index (c) in Subsection 7.4.2. The selected optimum operation rule is to

follow the same process of dam walter su'pply as that for balanced water supply, when

“the storage volume of Pedu and Muda dams is more than 300 millionm®. The

optimum rule' is, however, to stat its curtaitment of dam water supply when the
storage volumes of Pedu and Muda dams fall to 300 million m® with the following

curtailed ratios:

Optimﬁm Dam Operation Rule

Darn Storage Yolume “ Dasm to Supply Kedah River System Dam to Supply Muda Curtajled Ralic
Storage (10‘s m’) ) . River System of Dzm Water
Pedu and Naok asd Noahern Part Southern Part Supply
Muda Dam § Rerszn Dam )
1> 400 Full Pedu Peda Betis, Nzok, R¢man®’ 0%
300 - 2400 > 150 Pedy, Abaing ** Naok, Reman®! Betis, N2k, Reman®’ 0%
‘<150 Pedy, Ahcing ot Naok, Rt;mm, Beils, Nz2ok, Reman®® 0%
] Ahning*
200 - 300 > 150 Pedy, A_lming"r Naok, Reman, Berts*' | Bedis, Naok, Remant? 10%
<150 Pedu, ,t'dminj;"l Nack, Reman, . Beris, Naok, Reran*” 10%
- o Ahaisg, Beris * ) i
100 - 200 > 150 Pedu, Abning*' Naok, Reman, Beris®® | Beeis, Naok, Reman®? 309
<150 Pedu, A!ming" MNack, Rermaa, . Beris, Naok, Rernan®? A%
Ahning, Beris *
< 100 > 150 Pedu, A!ming" Naok, Rentan, Bclis“ Bedis, Naok, Rtm_an'i 50%
< 150 Pedy, Akﬂing" Naok, Reman, \ Beris, Naok, Remaa®’ 50%
Ahning, Beris *

*): Necessary water supply is allocated 10 each dam in acoordance with the rarios of their residual rescvoir volume.

*2: Aficr residual storage volumg of Beris Dam falls 1o zero, Nack and Reman dams starl waler supply.
*3: When necessary watér supply from Naok 2nd Reman dams Is deficiest, Ahalng dam stars to supplement the deficiency.

7.4.4 Waler Deficit in Extraordinary Drought Year

‘Duc to the above curtailment of dam water supply, the annual minimum storage

volume of the existing dams as well as Beris Dam will never fall to zero as shown in
Table 7.3.2, but the shartage of dam water supply is unavoidable in an extraordinary
drought year. In this connection, the water deficit ratio, as well as the number of

water deficit days, is estimated.

In the estimation, the priority of water supply in the deficit years is given to the

domestic and industrial water demand rather than the irrigation water demand. That

7413
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is, the supply volume for cach imigation scheme is first curtailed according to the
- ratio of its demand volume to the total demand volume, If a deficit still remaias, the

necessary curtailed volume is allotled to the domestic and industrial water demand.
~ Thus, cstimated are the water deficit conditions under two ‘dam operation rules as

" sumrmarized below.

Water Deficit in Extraordinary Drought Year

I?éﬁcil

Annual

Number of

Dam Opeiation Rule Basic Num Average " Function of
-t Year Demand Deficit Deficit " Curtailed " Drought *
from River Yolume daysina | . Ratio for (% da
(10® Lot "year Deficit Days 10°m
L S - mfyear) m’fyear) (days) {Folyeas)  |. . _
Rute for Balanced 1982 1,922 179 37 54 14,293
Water Supply 1983 2,061 125 21 43 - 7,383
Optimum Rule 1980 -~ 203 2 52 8 629
1982 1,922 80 .8 L} 1,478
1983 2061 158 - 51 23 9,867
1985 2,199 11 40 3 63
1987 2,170 23 - 86 3 - 125

Note; Expressedas ${{deficit (%)) x [water demand] % {numbet of drought days])

‘As eslimated above, the number of _dc.ficit days under the optimuin damloperal'ion rule
is more than that under the nule for balanced 'Wafer supply. Hoi.vc\:.rer,- the optimutﬁ
‘operation rule could reduce the average deficit volume during the deficit days and
minimize the function of drought applied as the index to evatuate the drought damage

in Subsection 7.4.2.
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CHAPTER 8. RIVER ENVIRONMENT MANAGEMENT PLAN

8.1  River Maintenance Flow

As described in CHAPTER 7, the proposed structural plan on the water resource
development for the Muda xiver basin contains the construction of Beris Dam,
Jeniang Transfer Canal, Naok Dam and Reman Dam, which ina‘y ¢ause a substantial
change on the natural river ftow tegime. On the other hand, there docs not cxist any
standard or regulation to set up the river maintenance tlow that is defined as the
minimum requirement of the river flow discharge and to be guaranteed by the water

rcleased from the proposed dam reservoirs.

The river maintenance flow is essential to maintain the appropriate river environment,
particularly, on the river water quality during a period of the low flow regime. From
this point of view, the future water quality of Muda River was clarificd and the

necessary river maintenance flow was determined.

8.1.1 Estimation of Futlure River Water Quality

‘The water quality of Muda River was evaluated byrlhfé concentration levels of BOD,
SS, T-N and T-P in 1993, 2000 and 2010, applying the foltowing formula:

PL = PL(r) % AR %1000 +

where,
| PL . Concentration of polluliiih load at the check point (mgfl)
 PL(r) :  Gross weight of potlutant load released from cach pbilution
| source (mglé) o
AR : Amrival Rate to the checkpoint
Q

River flow discharge (m3ls).

The checkpoints Sel'e'cted.to evaluate the water quality were the railway bridge of
Muda River at Pinang Tuggal [hereinafter reférred to'as Point M(P)] and the
downstream end of Kelil River Tuggal (hereinafter referred to as Point K). The
pollutant source of Muda River at these checkpoints is classificd into the following

six (6) categories:
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(). Residential Wastewater;

(b) Industrial Wastewater;

(¢) Commercial Industry Wastewater;

(d) Livestock Farm Wastewater;

(e) Wastewater from Agricultural Land; and

(f)  Others.
Thc gross weight of pollutant-loads released from the above soucces has been
estimated by multiplying the qUanﬁly of the pollutant load with its correspanding unit
weight (refer to Tables8.1.1 to 8.1.6). As the results of the estimation, the

concentration of pollutant load was estimated for each chockpoint as summarized

below.
Present and Fulure Water Quality of Muda River
L 3 - P (Unit: dg)
Bischarge Item - Checkpoint M(P) Checkpoint K
: : : ' 1993 | 2000 | 2010 | 1993 | 2000 | 2010
Annual Average ' Discharpe = 84 m?'!s ' Discharge = 30 mfs
for 30-years from BCD 1.60 . 1,75 2.16 1.65 1.65 177
1964 to 1993, 55 '44.88 48.99 49.33 37.14 37.17 3722
TN 1.01 0.97 104 0.68 065 | 065
o T-P 0.20 0.23 0.27 0.14 017 0.17
355-day discharge of B Discharge = 16 m'fs | Discharge = 6 m'ss :
the third lowest for '~ | BOD 844 | 938 | 11.33 825 | 824 8.85:
33.years from 1959 . | 8§ . 256.65 | 257.20 | 258.96 | 185.70 | 185.84 | 186.08
to 3993, T-N 5.31 5.31° 5.48 3.38 3.23 . 3.25
T-P 1,08 1.19 1.42 0.72 0.76 0.53

The estimated water quality in the years 2000 and 2010 shows that the pollution level
in the future will not rcmarkably increase. Funhemlore when the river channel flow
discharge is around the annual avcrage dlschargc, the watcr quality of the river is still
within Class Il which is defined by DOE as the allowa_ble level (ee 6 mg/l in BOD

concentration) for domeslic water supply.

However, when the river flow discharge falls to the level of the third lowest 355-day
discharge (the value to exceed river flow dischafge of 355 days a year) for 33 years,
the water quality will exceed the allowable lével. Thus, the water quality of Muda
River is, although generally evaluated to be clean, possibly to exceed the atlowable

level for domestic waler supply during a dry season in the drought year.
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8.1.2 Domiaaut Factors for Determination of River Maintenance Flcwl

The river maintenance flow is essential for the maintenance of river water quality as

well as other various factors. Among others, the following ftems were selected as the

dominant factors to determine the neccssary river maintenance flow discharge in due

consideration of the features of Muda River:

(a) To maintain the appropriate siver water quality throughout the year;

(b) To conserve the natural tow flow regime as before construction of the

proposed dam;
(c) To conscrve the river ccology system; and

(d) To conserve the river scenery.

Other than the above four items, the river maintcnance flow contains various

functions in general, but they were not considered in this Study. The functions not

¢onsidered and the reasons are as discussed below,

(1)

@

Maintenance Flow to Facilitate Water Absteaction from River

The difficulty to abstract water by intake facilitics u_su.ally accur due to the
lowering of river water level. However, the principal reason for the lowering of
water level is the lowering of riverbed caused by the present excessive sand
mining operations. Accordingly, river maintenance flow could not be the
fundamental solution to maintain the water level for the in_takc facilities. _In_stcad
of the river maintenance flow, the construction of barrage or reconstruction of
intake facilitics will be the short-term remedy to maintain the water level for
intake facilities. Farthermore, a long¥tcm1 plan is indispensable to control the
present sand mining operations and to check the tendency of lowering of the

water level,
Maintcnance Flow to Prevent Clogging at River Mouth

The ctogging of siver mouth develops due to sedimentation  of ocean drifting
sand causing difficulty of navigation during fow tide. However, it is not feasible

to flush out the sediment by river maintenance flow. Instead of river
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