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PREFACE

" In response to a request from the Government of Malaysia, the Government of ¥apan
decided to conduct the Study on Comprehensive Management Plan of Muda River

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

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

The team held discussions with the officials concerned of the Govermnment of
Malaysia, and conducted field surveys at the study arca. After the team returned 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.

[ wish to express my sincere ajjpreciation to the officials concerned of the

Government of Malaysia for the close cooperation extended to the Team,

December 1995

KIMIO FUJITA
. President
Japan Intemational Cooperation Agency






December 1995

© Mr. Kimio Fujita

- President

‘Japan International Cooperation Agency
Tokyo, Japan

Sir:

LETTER OF TRANSMITTAL

We ate pleased to submit 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 Government of Japan and the Japan Intemational
Cooperation Agency (JICA), as well as the formulation of comprehensive river basin
management projects. Also included ar¢ the comments made by the Economic Planning
Unil, the Depariment of Inigation and Drainage and other authorities concerned of the
Government of Malaysia during the technical discussions on the Draft Final Report in
Malaysia. :

The Final Repoit presents the Master Plan covering the entite Muda river basin and the whole
states of Kedah and Pulau Pinang as well-as a part of Perlis in the aspect of thc water
fesources management plan proposed for the Study.

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

Finally, we wish to take this opportunity to express our sincere gratitude to the Government
of Japan, particularly, JICA, the Ministry of Foreign Affairs, the Ministry of Construction
and other offices concerned. We also wish 1o 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.

: Ve uly yours,

._—‘_"‘—'-—-——--——-n-.
TSUHISA ABE
Team Leader _
JICA Study Team

Encl: afs
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EXECUTIVE SUM.MARY

1 BACKGROUND

The Muda River has been developed as one of the important water resourcces for both
the states of Kedah and Putau Pinang. Riverbed sand is also exlensively mined for use
as construclion materials. Thus, the river is now being used for various purposcs, but
intcnsive basin development in the future will also pose a potential problem to the
river ‘environment and hinder a well-balanced rtiver development unless a

comprchensive management plan is introduced.

In Mataysia, no comprehensive river basin management plan has ever been
implemented and the Govenment of Malaysia cxpects that the Comprchensive
Management Plan of Muda River Basin to be formulated in this present Study is to be
used as-a model case to serve as guide and reference for other river basins in the

counlry.

2, OBJECTIVES OF THE STUDY

The Study is to formulate a comprchensive management plan for the Muda river
basin with the integration of the following four components: (a) flood mitigation
plan, (b) water resources management plan, (c) river environmental management

plan, and (d) watershed management and menitoring plans.

3. OUTLINE OF PROPOSED PLAN
3.1  Basic Policy

The river management plan integrates all structural plans as well as non-structural
plans r'cquired for (a) prevention of rccurrent flood damage, (b) water resources
development and waler alloica'tion among intcrstate and inter-agency water users and
(¢) enhancement of river environment. In formulating the river management plan,
particular attention was given to consistency with hydrological conditions of the
entire river stretch and appropriate coordination among all concerned parlies for river

" management, The target completion year of all proposed plans is sct at the year 2010

S-i
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all()catihg the implementation period for cach plan component from the 7th to the 9th
5-year Malaysia Plan.

3.2 Propdsed Structural and Non-Struc¢tural Plans

321 Structural Plan

~ The proposed structural plans arc as summarized below.

(1}  Flood Miligation Plan

Wotk Item Uit ) . Work Yolure :
; | Lower Muda Kuala Keri)  Baling - Sik
| Improvement Leagth Jm 4030 219 | 075 . D8
Excavalion/Drcdging 10°m 10,400 572 375 £2
Embarkment 10°m’ 1,100 724 128 144
Revelment 10°m” 83 23,100 12.1 135
Bareape Recoastructed place 1. 1] 0 1]
Bridges Recoastructed place 2 i 3 ] 0
Lard Acquisition ha 510 118 23 15
Reszitlement houss 189 9 28 12
(2) Water Resources Management Plan
~(a). Dams
Ttetn Uait . - Betis Dam Naok Dam - Rerman Dam
Main Dzm Type ) Rockfill Earthbil - Zoncd Rolkd-fil |
Main Dam Height m 40 18 - .40
Caichment Area km® 116 15 - 32
Effzctive Capacity 105 114.0 274 240
Land Acquisition ha 1,600 65 . 35
Resetilemeal house 500 5 200
(b} IJeniang Transfer System
) Trem Unit Transfer Conyeyance |
Length kra 8 n
Maimun Capacity (or'/s) 40 - 40
Bed Widih m 12 10
Depth - m 37 -
Bed Gradicat 13 12,000 ~ 3:10,000
Length of bartage - m - 29
Land Acgulsition ha 3 98
Reseltlement - house S0 "0 -

—

—
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(3) River Envitonmental Management Plan

" Ttemn . ] " Quantity

i. Number 103 Size of Development Area
1.1 Along River Corridor’ i

. Typé A (Land Developmeal for Naturg Resirve) S (32 ha)

- Typé B (Land Development for Naturé-odeated Recreation) 4(25ha)
__Typt € {Land Development for Agricultuee) - 3(73ba)

Type B (Land Development for Recreation). 21 (166 ba)
* 1.2 Asound Dam Reseevoir

Type D for Muda Dam Reséevolt 1(2ha)

Type D for Beeis Dant Reservoie 2277 ba)
2. Compénsation :
3.1 Reseltlement 40 bouses
3.2 land Adquisitica . 45 ha'

3.2.2 Non-Structural Plan
The proposed non-structural measures are as summarized below.

| (1) Optimum Dam Operation Rule for Water Resources Development

Dam Storage \é'olume Storage Darn 1o Supply Kedah River System Dzm to Supply Curtailed
(0 m’)_ : Muda Ratio of Dam
Pedu and Naock 2nd Northern Pat Southern Pan " River Systemt | Watér Supply
Muda Dam Rerman Dam
> 400 Full Pedu Pedu Beris, Nick, 0%
: . Reman®
300 - 400 >150 Pedu, Akaing ** Naok, Reman*! Beris, Naok, 0%
- Reman®’ :
<150 Pedu, Ahaing ol Naok, Rerean, Beris, Naok, 0%
A.hning" Reman®”
200 - 300 » 150 Pedu, Ahning*’ Naok, Reman, Beris, Naok, 10%
) Beris*! Reman*’
< 150 Pedu, A!:aing“ Nack, Reman, Beris, Naok, 10%
_ ‘ . Ahning, Betis *' Reman®®
100 - 200 > 150 Pedu, Abaing® Nack, Remas, Beris, Naok, 30%
s Beris*! Reman®?
<150 Pedu, .Maning“ Naock, Remaa, Béris, Naok, 0%
: Ahning, Beris ** Reoian*’
<100 > 150 Pedu, anklnﬁng,'l Nazok, Reman, Beris, Naok, 50%
Beris®! Reman®’
<150 Pedu, Ahaing*’ Naok, Reman, Becls, Naok, 50%
Ahaing, Beris ** Reman*’

*3: Necessary water supply is allocated to cach dam in accordance with the

volume.

rations of their residual rescrvoir

*2: Aftcr residual storage volume of Beris Dam falls (o 2:1'6, Nack and Remaa daras start watér supply,

*3: Whea necessary water supply from

deficiency. -

-
—

Nack and Reman dams is deficient, Ahning dam staris to supplement the
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(2} Zoning for River Management

Classified Zoné Extent

Puspgse

Waier Source 2,259 km* ja the uppereeaches

)

To preservie the approptiate basin renofl dasdmgc

Reserve Area

covering all dam catchment arcas.

and sediment yicld,
(2) To :csiram polluted water loads flowing mlo the dam
. reservelr.
(3} To protect morphology ol'dam reseavoir.

Rives Reserve
Area

5.6km’ tloag rived comrider ia the | (1) “To fzcilitale river lmpmvcmclt works.

kowee reaches.

(2) “To peserve the space for opcrahoa and mainteaance
works of the improved river chinnel.

River Conteollcd
‘Arca :

516 km® along river coerddor ia (1) To peescrve the natiral flood 1etardiog effects

the middle reaches.

(2) Toprotect the siver from tha undesirable activities,
(3) Tominimize the damage caused by Bood ibuadation
and chansel erosion and/for meandering,

(3) Number of Hydrological Monitoring Network

Maonitoring [teras Existing Newly
- Proposed
1) Raiafall is 10
(2) River Hydrology
Class 11 Watee Level, Discharge, Sedimeat Load ud Water Quality 6* 6
Qlass 2;. Water Level, Dischargz aed Water Quality 1 5
Class 3:  Flood Waker Level 4
* Existing ganging statioa is net avaDable to monitor sediment Yoad,
(4) Instilutional Setup for River Management
Tierof . M:zmber Fuaction
Organization ‘
Muda River Basin | Federal and State (1)  Toapprove polices as well as bocg-tern and S-year plans foc
Manageraent deparimeants from - basin developméat and management,
Councit Kedah and P, (2} Toapprove :mcrgtncy actions for exirerce droug‘bts and floods,
Pinang
Technical State depariments {1) Tocoordinate anci integrate basin devélopaent 4nd mmagcmmt
Commiliee from Kedah and P. plans prepared by various departments and agencics,
Pinang {2} ' Toforrulats policies as well as boag-terrn and S-year plans for
] . basia developracal aird management plan.
Tecknical Federal DID - (1) To monitor satural river conditions and basin development
Seceetarial eslablished in the conditions.
office of Kedah (2} To propose to Technieal Commitice the counter measuees for
State DID, issues related 10 basin development and management,
PROJECT COST

The ;Sroject cost is estimated at about RM 871 million to be disbursed in three 3) |
terms of the 7th to 9th Five-Year Malaysia Plan (from 1996 to 2010). The average |
estimated project cost per one term of Five-Year Malaysia Plan is RM 290 million |
corresponding to about 8% of the actual investment for flood contral and domestic

water supply projects in the 6th Malaysia Plan. Judging from this pérccniage, it is

S-iv
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thoroughly possiblé to implement the proposced project. The breakdown of project
cast divided into forcign currency (¥.C) and local currency {L.C.) portions is as

summarized below.

Unit: RM 1,000

"~ Work ltem - FC. L.C. Total
(1) Flood Mitigation Plan {River Improvement) 183,380 175,630 359,010
(2) Water Resouices Management Plan 181,831 288,371 - 470,203
(3) River Environment Management Plan 10,977 31,224 42,201
Grand Total ' 376,188 495,225 871,414

Note: Estimated at the price as of Becember 1994 (Exchange Rate: US$1.00 = RM 251 = ¥100.30

5. PROJECT EVALUATION
5.1 Economic Evaluation

The economic evaluation was made for the proposed structural plans in the sectors of
flood mitigation, water resources management and river environmental improvenient.
The ecenomic internal rate of return (EIRR) for proposed structural plans are as

summarized below

Economic Evaluation

~ Bector Proposed Structural Plan EIRR (%)
Flood Mitigation River improvement of 4 target river sirelches. 23
Water Resources ' Construction of Beris Dam, Naok Dam, Reman Dam and Jenjang 14.6
Management ‘Transfer Canal. ) :
River Environmental Land development of nver corridor and lakeshore around 238
Management reservoirs of Muda and Beris dams
Overall 13.6

According to analysis of intcrnational agencies, the opporlunity cost of capital is
estimated at 10 to 12%. Among the proposed structural plans, those for water
resources management and river environmental management exceed the opportunity

“cost, and thercfore could be economically justifiable.

On the other hand, the EIRR of the slructural plans for flood mitigation is somewhat
fow as comparéd with the opportunity cost of capital. The flood mitigation prajcct is,
however, cssential to ensure an stable social environment and promotc an economic
development of the region. Accordingly, implementation of the flood mitigation
project is recommended, not necessarily being ticd down to the economic viability,
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502_

Environmental Impact Assessment

A preliminary environmental impact assessmient was carried out for the following

major proposed structures for water resources development, flood mitigation and

river cnvironmental improvement.

Sector

Objective Structuces

Fleod Mitigation

Lower Muda River Improvement Works

Water Resources Management

Beris Dam

dams

Jeniang Transfer System including Naok and Reman

River Environmental Management

Beris Dam Reservoir Recreation Park
Muda Barrage Recreation Park
Bumbong Lima Recieation Park

The results of environmental impact assessment arc summarized into assessment

matrices as shown in Tables 12.2 1 to 12.2.6. According to the assessment matrices,

the significant impacts by the propesed structures are secn in the following four (4)

issues: (a) resetilement, (b) disruption of community, (c) soil erosion and (d) water

pollution. The countermeasures and necessary monitoring items for these issucs are

proposcd as below:

Issues Causes —_Countermeasores MNecessary Monjtoting Iiems
Resettlemént | (1) Beeis Dam {1} . Coordination with inhabitant. (1) Living coaditicns of
{2) Icalang Transfer . | (2) Reasonable compensation for ichabitant fo be resettled.
Syslem . reseliemeal. (2} Regiooal socio economy
{3} Riverchannel (3) Assistance 2ed guidance for suitable (3} Precedents of rescitlement of
improveracat . incomé of inhabitart 10 be césetticd. similar projects.
{4) Bumboag Lima (3) Preparation of resettlement Jand based (4) Conditions of eesetileruent
recueation park on the desite of inhabitant. Tand.
Discuption of | Beris Dam (1} Compensation 1o poa-reseided (1) Regioral socko ¢conomy
community inhabitant, ) (2) New transportation systern
(2) Construction of pew transpoctation (3) livingoconditioos of
aetwonk, inhabitanis includiag
(3) Reorganization of zdmiaistrative nén-settled people.
. division, ;
(4) Establishmentof aew
. telecorarmunicalion service, .
Soiterosioa - | {1} Beris Dam (1) Diedging works {1) Topography, geology an
{2} Ieniang Transfer | (2) Plantation soi), ) :
. System (3) Landuse coalrol {2)  Vepetation
Water {1) Beris Dam (1) Contcol and treatment of polution (1) Pohutios source
pollution (2) Jeaiang Toansfer loads. (2)  Water use in dasa teservoir
¢ Syskem | (@) Remaoval of vegetation before darm and rivéf channel,
(3) Beis Dam impounding. ) (3) Water guality survey, -
Reservoir : ’
Recreation Park
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" RECOMMENDATION

“The following items ar¢ recommended in connection with the proposed plans:

(1)

@

&)

* Gradual Reduction in Riversand Mining and Alternative Source for

Construction Sand

“The riverbed will continue to be lowered as long as sand mining operations arc

- pursued, therefore, gradual reduction and finally freezing of sand mining from

the rivetbed is strongly recommended. The gradual reduction of sand mining
should be e¢xecuted on the premises that further allowable sand mining volume
should be limited to about 1.2 mitlion m” that is almost equivalent to the actual
annual mining volume in 1993, At the same time, it is indispensable to locate a
new miﬁiﬁg soﬁrcc, and ocean sand is regarded as the niost probable altemaltive
source for sand mining. However, the mining of ocean sand will require
additional treatment to remove the salt as well as higher mining cost compared
with river sand. When ocean sand is employed, detailed sampling test will be
required beforchand and the approbﬁatc location for ocean sand mining will

nced to be selected,

Coordination betwceen Basin Development and River Management

A considerable part of the urban development arca as well as the industrial

devclapment area tend to be placed n’earby'the river channel and within the
possible flood inundation area. In this connection, appropriate coordination will
be fequired between the basin development and the river management so as to

minimize the flood damage potential and the possible pollution of river water.
Proposed Institutional Setup

An interstate and inter-agency coordination body is essential for the
comprchensive river management, and it is recommended that a 3-ties
institutional structure comprising of related government agencics from the states

of Kedah, Pulau Pinang and Peilis be sctup.

S - vii
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“

NON

Establishmcnt_of Nationwidé River infomlétidh_Systtfn 2

A nationwide river momtonng system is esscnhal for the purpose of: planmng

and dcs:gn, devclopmcnt and rcgular managcmcnl for n\fers so lhat pmmpz_

acuon can be taken whenever ncccssary “The nvcr mermation to be monitored
by the systcm w:ll be volummous and dynamlc in nature, rcqmrmg frchent
updating - and sys!ema:lc storagc A computcm:ed mformahon systcm is

therefore cssenhal to lmprovc ef flC!chy and cffcctwcness in the managemcnt of

l'lVC IS.

Thc ‘Government of - Ma?aysna lS kccn lo cstabhsh lhe natlonwxdc nvcr_

mfonnallon sys!ern Thls nahonwndc nver mformahon systcm WJII be useful for

the aforesaid comprchenswe river basm managemcnt and lhereforc, its carly

' 1mplemcntatson is slrongly xcmmmcndcd

Constr’u‘tlidri of Proposcd Water Resources Dcvél_o’phiént" 'Facil'itie's’ '

The proposcd water rcsourccs dchlopmcnt facnhtlcs mcludc Bens dam Jcmang -

'I‘ransfcr Canal Naok Dam and Rcman Dam. ’I‘hcsc facmtlcs are esscnhal to

: guarantee the full water supply for lhc pmjectcd water dcmand by the year 2010

in the drought level ‘of 10- year retusn penod -In m‘der to minimizeé. the pmScnt
chronic water shmtagc and cope w;ih the futurc mcremcnta! walcr demand it is -

sitongly rccommended to comptctc Bcns dam by thc year 2000 Jcmang'

Transfer Canal togcther wnh Naok dam hy the ycar 2005 and Rcmand Dam by. |
~ the ycar 2010 |
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ABBREVIATIONS AND GI.LOSSARY

GOVERNMENT OFFICES . -

‘DID - ¢ Department of Iirigation and Drainage

DOC :  Department of Chemistry

DOE :  Department of Environment

DOF :  Deparlment of Fisherics

DOH :  Depariment of Health

DOS :  Depariment of Statistics

DSM t  Department of Survey and Mappmg

DWNP :  Department of Wildlife and National Parks:
EPU -t Economic Planning Unit

EXCO :  State Executive Council - : '
FDHPM ¢ Forest Department Hcadquartcrs Pcnmsular Mataysia
JICA :  Japan Intemational Cooperation Agency

JKR :  Jabatan Kerja Raya {= PWD)

JPS +  Jabatan Pengairan dan Saliran (= DID)

JPT -+ Jabatan Pengairan dan Taliair (= DID)

LXIM : ~ Lembaga Kemajuan Ikan Malaysia

- (= Malaysian Fisheries Development Authority)

MD :  Marine Department

MMS :  Malaysia Meteorological Service

MOA 1 Ministry of Agriculture

MOF :  Ministry of Finance

PWD :  Public Werks Depariment

MADA - : Muda Agricultural Development Authority
IADP 1 Integrated Agricultural DCVC]Opment Project
PWA :  Penang Water Authority

KEDA .t Kedah Regional Development Authority
KSDC t Kedah Statc Economic Development Corporation
pPDC "t Penang Development Corporation

SeC 1 State Planning Committec

SEPU :  State Economic Planning Unit

WATER QUALITY TEST/ELEMENTS
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As Assenic Mg * Magnesium
BOD - Biological Oxygcen N Nitrogen
Demand
Ca _ Calcium Na Sodium
Cd Cadmium - NH4-N Ammonia Nitrogen
Cl Chlorine P Phosphorus
Cn Cyanide, b Lead
- Cr Chromiom PCB Ponchlormatc B!phcnyl
COoD - Chemical Oxygen Ra Radium
' Demand '
DO Dissolved Oxygen Sr Strontium
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F :  Flouride $S Suspended Solids
Fe ¢ Iron T-N Total Nitogen
Hg ! Mercury T-P Total Phosphorus
K : Potassium :
~ UNITS OF MEASUREMENT
{Area)} (Other Measurements)
Ha, ha hectare cusec cubic fect per second
m’ T square meter dia. : diameter
km’ square kilometer H i hertz
kw :  kilowatt
(Weight) m'/s cubic meter per second
Kg, kg kilogramn v ¢ volt, voltage
ton : 1,060 kg Sq., sq. square
Cu., cu, cubic
(Volume) . Km, km kilometer
GRT Gross Relative Tonnage  sec, s second
L, I ltr : liter
m’ :  cubic meter
MCM million cubic meters
MALAYSIAN TERMS CURRENCY
Kg. :  kampong (viliage) RM 1 Malaysian Ringgit
P,Pulan : island US$ ! United States Dollar
Sg. t  sungai (river) ¥ :  Japanese Yen
OTHERS
EIA Environmental Impact Assessment
GDP Gross Domestic Product
GNP Gross National Product
LSD Land and Survey Datum
NDP National Development Policy
vSsB -‘Very Short Band
PMF :  Probable Maximum Flood
TWL ¢~ Tail Water Level
PKP Perlis, Kedah and Penang
355-day
discharge the discharge to exceed river flow discharge 355 days a year
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1. INTRODUCTION
1.1  Background

The Muda Rlvcr is locatcd in the nonhwcslcm part of Peninsular Mataysia, It has
bccn developcd as one of lhc important water resources for agriculture as well as
domestic/industrial water suppiy source for both the states of Kedah and Putau
Pinang. Riverbed sand is cxténsivety mined for use as consiruction material and the
river is used as navigation channel for local fishing boals, particularly, around the

river mouth.

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

management plan is introduced.

No comprehensive river basin management plan has ever been implemented in the
counlry and the Government of Mataysia is expecting to use the comprehensive
management plan for the Muda river basin as a modet case (o serve as a guide and
reference for other river basins in the country. A request for technical cooperation to
carry out the Study on Colﬁprchcnsi'\'c Management Plan of Muda River Basin

(referred to as the Study) was thereforc made to the Government of Japan.

1.2 Objectives of the Stugdy

The Study is to fomlulate a ct)mprehc'nsive managemenf plan for the Muda river .
basin by mtcgratmg four componcnts and sctlmg 2010 as the largci year. The four
components’ arc (a) ﬂoad mltlgahon plan; (b) water resources management plan;
) river envrmnmcnlal managcmenl plan; and (d) watershcd managenment and

' momh_)rm g plan.
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1.3 Study Area

The study area for components of the comprchensive plan ex‘cépi the water resources
management plan is within the limits of the Muda river basin. Since the water source
of the Muda River extends beyond the Muda river basin covering the whole states of _
Kedah and Pulau Pinang as well as a part of the State of Pérlfs, the study on'the water

resources management plan is made for the whole water supply area of Muda River.

Each of the above three states is administratively divided into several districts, and
cach district is further divided into' parishes called mukim in Malaysian term. The
three states cover 17 districts and 239 mukirs, out of which the Muda river basin

covers 6 districts and 28 mukims.

2. PRESENT CONDITION OF THE STUDY AREA
2.1  Physical Fealures of Study Area
2.1.1 Catchment Area of Muda River

Muda River has a catchment arca of 4,210 _1.<m2‘ and a length of about 180 km with a
slopc of 1/2,300 from the river mouth to Muda Dam. The major tributarics of Muda
River are Ketil River, Sedim River and Chepil River. Among them Ketil River is the
targest tributary with a catchment area of 868 km? and a channel tength of about
70 km.

2.1.2 River Morpholagy

The upstrecam of Muda Barrage tends to be croded duc to sand mmmg operattons

aggravatlng channel meandering, bank erosion and dcgradahon of lhc nvcrbcd The
aw:ragc riverbed has lowered by 2t0 5 m in the recent 10 ycars which causcs
diffi culty in abstracting waler from the river and affectmg safcty of river stmcturcs
(refer to Figs.2.1,1 and 2.1.2). On the other hand, the river moulh_tends to be
atfected by sedimentation causing aggravation of the riverbed and development of a
sand bar. The shallowest riverbed surveyed in 1994 s about 2 m below LSD, causing
difficulty to’ nawgahon during low tide. Judging from the sand mmmg operations on

the river as wcil as the bed materiats, the main cause of sediment accumulation
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around the river mouth could be either occan sand drift or the suspended

sediment/wash load supplicd from the Muda River.
2.1.3 Flood Condition

The lower stretches of Muda River tcnds to have a smaller flow capacity than the
upper stretches. At many points downstream of the confluence with Sedim River, the
flow capacity is to ‘accommodate the discharge of less than a 2-year flood discharge.
Morecover, low-lying areas are scattered along the Ketil and Chepir rivers whc'ré flood
inundation of evén a 2-year return period occur. In the upber Slfct.chcs of Mﬁda River
from the confluence with Chepir River, however, the river fonms a valley, and the
elevation of river banks is high ¢nough to accommedate a flood discharge of 10-year

retum period.

Due to the above poor channel flow capacity and the lesser flow capacity of the
downsircam than the upstream, flooding occurs almost every year and affects the
low-lying residential and agricul(ural areas (refer to Fig. 2.1.3). The largest flood
recorded occurred in 1988,-submcrging.Vast low-lying arcas of about 78 km’ along
the Muda River and affecting about 6,100 houscs and buildings. In September 1995,
floods caused by Tropical Storm Ryan also occurred in the ‘Muda river basin and
many people living atong rivers were rcported to have cvacuated to relief centers. The
September 1995 flood seems to be a litile smatter than the 1988 flood judging from

the walter level records obtained,
2.1.4  Water Quality of River

Muda River is generally cvatuated to be clean or slightly polluted and suitable for
public water supply, aquatic rccreation, and existence of aquatic life. Somc
p’roblcmatic results are, however, found in the test items of NH4-N, Cr (VD), Feand P
thiough water ' samplmg/lest carricd oul by the JCA Study Team in 1994
. Furthetmore, when the river flow discharge falls to the level of 355- day dlscharge

the present water quality will exceed the allowable level for drinking water.



Vol. 1 Summary

2.1.5 Fauna and Flora

‘There are various specics of animals in the Muda river basin. Howevér, the forest area
for wildlife has been reduced due to land clcar.ing and other human activitics. Muda
River had also been well known as a habitat of freshwater turtles but the number of
turiles has remarkably decreased since sand mining operations have been i_ntenéivcly

" made.

22 River Use Condition
2.2;1 River Structures

In the uppef reaches of Muda River, there exists Muda Dam which has a catchment
area of 984 km’ and principally used for irrigation of the Muda imrigation scheme.
Muda Barrage is also located about 10 km upstieam from the river mouth to supply
domestic and industrial water as well s irrigation watet for the State of Pulau Pinang
and the southern part of the State of Kedah. Moreover, there arc 12 intake facilitics
for domeslic{industrial watér supply and 28 intake facilitics for iigation water
supply. All major intake facititics are located along the impounding extent of Muda

Barrage, abstracting about 80% of the total intake volume.
222 Water Supply

The present water demand to be supplied from Muda and Kedah River is estimated at
about 2,026 miltion m¥ycar which is divided into about 339 million mfyear for
domestic and industrial water and 1,687 million m*/year for irrigation water as

discussed below.

The doniestic,lindusiria_l water is supplied to the states of Kedah,‘Pulau Pihang and
Perlis. Among the three states, the State of Pulau Pinang is the largest
dorﬁes_ﬁc}indu'slrial water - user . abstracting 194 millien m’fycar solely from the
dow;nst'rcam of Muda River. The State of Kedah is the second largest, abstracting
about 136 miltion m *fycar. The remaining volume of about 9mllllonm/year is

supplied to the State of Peslis from both the Muda and Kedah rivers.



Vol.I  Swamary

The irrigation water is supplicd to 60 schemes. Among them, the Muda irrigation
scheme is the largest waler uscr occupying 97,000 ha over the State of Kedah to the
State of Perlis. The jerigation waler d¢mand from Muda and Kedah ﬁvcm tb the Mﬁda
irrigation scheme is about .'1,'3'91 million m3/ycar {about 70% of the total water
demand). The Scberang Perat {rrigation schenic of 8,000 ha is the second largest uscr
and located in Statc of Pulau Pinang having the water demand of about

80 million m*fycar (about 4% of the total demand) to be abstracted from Muda River.

In addition to the above two main granary areas, there are 58 sccondary and minor
irrigation schemes of 18,800 ha'in total. The water demand from the rivess to these

schemes is estimated at 220 million m*/ycar (about 11% of the total demand).

According to the interview survey, Muda and the other existing irrigation schemes
have been suffering from the chronic shortage of irrigation water supply, and
reduction in paddy plantation has often been required due to the water shortage. The
serious water shortage tends to occur in the least rainfall months of January to March,
and cven domeslic and industrial water SUj)ply was curtailed for the months in the

drought year of 1978.

The present water use ratio of the annual average intake water volume to the annual
average natural rinof€ discharge volume is estimated at about 64% for the Kedah
river system. Such high water use ratio indicates that the present water resources
development for Kedah River has reached the critical level and it is virtually difficult
to induce further water resources devetopment. In contrast, the water us¢ ratio of the
Muda river system is estimated at 14%; hence, the future waler resources
development for the study area could be made only in the Muda river basin. In fact,
all ongoing water resources development projecis such as the Beris dam project and
the Jeniang transfer system project placed their projected water sources on the Muda

rivér system.
223 Navigation-

The Muda tiver mouth is being used as a port by about 200 fishing boats, and all of
the boats ar¢c smaller than 10 GRT. However, navigation for fishing beals has to be

suspended during tow tide due to siltation of the river mouth.
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224 Sand Mining Operations

‘There ate about 100 pcrm:t ho’fdcrs for mining operations bclwccn Muda Barrage and
the proposed Jeniang Banagc (refer to I‘lg 2.2, 1) A big volume of sand of a4s much
as 0.5 to 1.0 million m* has been remow:d annually from the Muda river channel for
the last 10 or more years. This mmmg volumc is much greattr than the sand supply

volume of 1 to 10 thousand m and_, lhcrcfom, cause dcgradatlon of the riverbed.

23 Ongoing Basin Development Condition
2.3.1 Population and Urban Avea

Thc population of the three states of Kedah, Perhs and Pulau Pinang will increase
from about 2.6 million in 1991 to 4 mitlion in 2010 on the premise of an average

annual growth rate of 2.15% for 1991-2000 and 2.63% for 2000-2010.

As for the Muda river basin, the population will reach 0.61 million in 2010. The
corresponding average population” density is, Howévcﬂ 146 pcrsonélkmz- in 2010
which is less than the average for the entire State of Kedah (215 personsfkm?® ) as
shown in Fig. 2.3.1. To redress the smaller population in the Muda river basin, the
Kedah Regional Development Authority (KEDA) has proposed the development of
six urban centers which will have the urban poputation of about 2,000 to 10,000,
(a) Baling, (b)-Kuala Ketil, (c) Kupang, (d) Bukit Selambau,'(e) Jeniang, and (f) Sik -
(referto Fig. 2.3.2).

2.3.2 Gross Domestic Product

The Gross Domestic Product (GDP) of the states of Kedah, Pulau Pinang and Perlis is
expected to increasc from about RM 13,000 million in 1993 (at the 1978 price) to
RM 20,000 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 notable growlh of
around 10%fycar of GDP is expected in the secondary sector (indus_liy s‘ectdf), while

the growth in the primary scctor (agricultural sector) will diminish to less than 5%.
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233 Induslrial Area

The industrial area in obcralion in the states 6f Kedah and Pula’u Pinang witl .cxpand
from about 1,530 ha in 1993 to about 3,600 ha in 2000. in the Muda river basin, the
three presently existing industrial arcas of‘B'.aling, Sik and Jeniang covered only an
arca of 14.52 ha in 1993. Howcver, three other industrial areas will be ncwly
developed and the total industrial area will reach about 1,000 ha in 2000. Among the
industrial areas in the Muda river basin, Kuala Ketil will have a noleworthy industrial
arca of about 740 ha in 2000 due to easicr access to the present intensive induslrial
arcas in and around .Sungéi Petani, Kulim and Butterworth. The area is placed along
the left bank of the Muda main strecam between the confluence of Ketil River and
Sedim River covering a substantial part of the probabte flood inundation arca of
ll}ﬁ-year return period, as shown in Fig. 2.3.3. Thus, the proposed industral area in
Kuala Ketil contains a flood dahagc risk, and certain coordination will be required

between industrial development and the river management for flood mitigation.
234 Agricultural Land .

About 177,100 ha or 42% of the Muda river basin has been developed as agricultural
land, particularly, along the Muda River and its tributarics in the lower and middle
reaches which rely on the water resources of Muda River (refer to Table 2.3.1 and .
Fig. 2.3.4). In addition, aﬁout 104,000 ha having the Muda River as waler source are
used for the extensive irrigation schemes managed by MADA and DID. The fulure
expansion of agricultural 1and is, however, predicted to be nil becausc of transfer of

labor to non-agricultural activities.
2.3.5 Forest Reserve

The present forest area of about 236,100 ha spreads out in the upper reaches of the
Muda River, and the arca cxcept the northwestern part is delineated as forest reserve
- under contro! of the Forcst Department (Fig. 2.3.5). In the delincated forest reserve
area, however, logging is being made in most parts of the prcscnt forcst arca without
any coordination with river management works, The latest aerial photograph presents -

the numerous newly cleared lands scattered in the previous forest area. Such present
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logging works could cause various adverse cffects such as increment of flood ninoff

discharge and reduction of basin runoff discharge during dry scasons.

24 Present River Management Framgvi'mrk
- 24.1 . River Management and Monitoring System

The prcsent_monitoﬁn 2 system for Muda River cover three (3) tesritorics which arc
indcpendcnﬂ_y managed t;y the State of Kedah, the State of Pulau Pinang and MADA
(refer to Fig. 2.4.1). Monitering by the State of Kedah and the State of Pulau Pinahé
is rcspc‘c_liv.cly made Wi-lbin the limits of cach state bou.ndary.'Thc catchment area of
Muda Dam is, howcever, not included in the monitoring coverage of the State of
Kedah although the arca is located in the state. Instead, thé_catchment is under the
monitoring ef_MADA for the sake of irrigation supply from Muda Dam to the Muda

~ irrigation scheme.

Thué, there does not exist any inleg_ratcd monitoring system for the entire river basin.
Furthénnorc,_ the existing system is available to monitor the river but not availablé_, to
monitor sediment load, the indispensable information to control river channel érosion
caused by the present excessive sand mining opetations. There also exists no system
to monitor the river environments such as river biology (fauna and flora), niver
scenery, and also t6 monitor the basin land development conditions as well as the
forest reserve conditions that are the dominant factors on the basin runoff conditions
and thc basir sediment yicld. Moreover, the number 6f exfsiing' hydrological

monitoring stations are not necessarily sufficicnt.
2.4.2 Institutional Setup for River Managenient

* The activitics related o river managément work in bolh the states of Kedah and Pulau
Pinang are managcd by various government andfor semi-govemment agencics under

the supervision of the State Executive Council (EXCO), 'the Statc 'Planning
Commtitice (SPC) and the Statc Economic Planning Committee (SEPC), which ate all

chaired by Menteri Besar of the State of Kedah or Ihe Chief Mn‘ustcr in the case of
the State of Putau Pinang. ' o
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The principai task of EXCO is to finally approve the state devetopmicnt policics,
while SPC is responsible for the physical planning of land use in the state, a_ﬁd SEPC
acls as the coordinating body for the devclopment policy established by E)éCO, and
the development projects proposed by each agenéy in charge. The Secrctarial: to
SEPC is the Stale Economi¢ Planning Unit (SEPU), the lead developing planning

agency at slate level.

‘Through the - interview survey on the above institutional sctup, (wo (2) major
problems were recognized. ‘The first problem is the lack of a state inter-agency
coordinating body to implement a comprchensive management wark. SPC s
apparcntly having a function to coordinate the inter-related agencies and to
determinc/approve rather gencral and/or broad dircclions of waterworks. However,
the function of SPC docs 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 prescot
water resources of Muda River is used for the states; however, there docs not exist
“any integrated coordinating body as well as any agreement émdng lﬁc stales to
allocate the water supply for cach state. This problem is currently rather latent as the
extensive water shortage of Muda River has been seldom experienced. However, the
future more intensive use of the water resourées of Muda River would induce a

-serious argument between the states.

An interstate commitlee for the development of the Northern Region has been
organized by four (4) slates, that is, Perlis, chah_, Perak and Pulau Pinang. ‘The chicf
minister of each state is a major member of the committee, and the secretariat office
is placed in the State of Pulau Pinang. ‘The committee is likely to have a function to
discuss/coordinate the develo.pmcnl policy for Muda River, but the detailed
imptementation plan for the river management works for Muda River could not be

made through the committec.
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3. FLOOD MITIGATION PLAN
3.1 Structural Plan
3.1.1 Design Level

The design return period was determined as S0 years, in duc consideration of the
recurrence prabability of the recorded maximum flood in 1988, the guidclines for
design flood level preparcd-by DID and the design dlschargcs applicd in the tecent

flood mitigation plans on the strategic rivers,
3.1.2 Target River Stretch and Design Discharge

Four (4) river stretches were sclected as target of the flood mitigalion plan
considering land usc, population, asscts and scverity of flood damage. The sclected
target stretches and their design discharge are as summarized below (refer to
Fig. 3.1.1).

Targel River Stretch for Structural Flood Miti gation Works

River - Stretch . Length Reference Point _ Design
' {(km) ' Discharge

_ ._ i - (m%s)
Muda River Lower Muda River 40.3 - | Ldg. Vicioria 1,300 *

: Kuala Kelil Town 3.5 Jam, Syed Omar ‘1,100
Ketil River Kuala Ketil Town - 1.9 - | Confluence with Muda .00

River

_ Baling Town 0.8 | Pulai L - 500

Chepir River } Sik Town 0.8 Sik Town 130

* Regulaled discharge by Muda Dam Reservoir

It is herein noted that the existing Muda Dam has a significant natural flood
regulation effect by its retention volume and, therefore, such nalural regulation effect

is mcorporated into the dcsngn dlschargc listcd above,

3.1.3 Menu of Structural Measures

In duc consideration of topographic conditions, the proposcd structural measures
include river channel improvement and flood bunds. The river channe! improvement

is applied particularly to the downstecam stretch of Muda River. The river bund is
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also selected to protect small local arcas where damage potential is comparatively

high.

3.1.4 Preliminary Design

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

below.

1

()

&)

River Alignment

The proposcd river alignment is, in principle, to follow the cxisting alignment
so as to minimize construction cost, land acquisition, reseftlement and relocation
of the cxisiing structurcs. As for the target stretch for the Kuala Ketil Town
Improvement Works, ‘howcirer, a cut-off channel is proposed to rcform an
excessive meandering siretch that tends to decrease flow capacity and cause

bank crosion.
Longitudinal Profile

The existing average riverbed profile is applied as the longitudinal profile
considering that the existing riverbed has been formed as the result of long-term
natural phenomena and could be stable should the present excessive sand
mining be suspended. The design high watcr level is also sct below the ground

leved of the hinterland s0 as to minimize the flood damage potential.

Cross Scciion

~ Among the targel river strctches, the stretch for the Lower Muda River

Improvement Works adopts the compound cross seclion composed of a low
water channel and a high water channel to minimize cmbankment height and to
assure channel stability. The cross section ‘of the low waler channel is
determined to confine the cxisting flow capacity of 600 m’fs. As for other target
river stretches, however, the single cross section is adopted in due consideration
of difficulty of tand acquisition, smaller design discharge and the present shape

of the single ¢oss section.
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River Mouth Treatment

Treatment of the river mouth is required to avoid the present siltation and to
facilitate navigation around the river mouth. In this connection, a comparative

study between maintenance dredging and construction of submerged jeity was

 examined based on the results of the "National River Mouths Study by JICA in

1994." As a result, the capital and maintenance dredging is proposed as the

oplimum measure,

Principal Features of River Improvement

‘Based on the aforcsaid design discharge as well as design criteria, the

preliminary design of river improvement warks was made for cach of the target

river stretch (refer to Figs. 3.1.2 to 3.1.9). The principal features ‘of river

improvement works arc as summarized below.

Principal Features of River Ix“npmv:‘mcﬁl Works

-+ Description Ynit Lower Kuala Ketil Town Baling Sik
Muda River Muda Keiil Town Town
R : ‘ - - River River

Streich Lengih o lm 40,300 1,870 920 750 800
Design Discharge /s 1,300 1,100 700 | sm0 130 -
Rivér Widih m 18C 15 1,000 100 0 53 30
Excavation/Dredging 0% 10,400 - T sn 315 | 62
Embankment 10°m’ 1,100 224 _ 128 | 144
Reveimeal 10°m 8 231 121 136
Sluices to be Constructed locaiion 23 3 z 2
Barrage lo be Reconstructed * | kwation 1 5] 0 o )
Drops 10 be Reconstructed Jocation 1] 1 1 0 0
Pump stations lo be Relocated | location 3 0 0 0 D
Bridges 10 be Reéconstructed | tocation 2 0 1 3 Q-
Bridges 1o be Reinforced lacation 3 0 0 o 0
Land Acquisition : ha 510 11.8 2.3 1.5
House Evacuation F ] house - 189 : 9 |28 12

The 'p_ropdscd river improvement works for Lower Muda River include the
reconstruction of Muda Barrage which was c’onslr_u,cled'in 1972, The new Muda
Barrage is placed on the néw cut-off channel of 1,300 m in length (refer to
Fig.:3.1.10). The present s_lat.c boundary is, however, set up along lhc center line
of the Muda river channel and, therefore, the proposed cut-off channcl may
change the state boundary between the slates of Kedah and Pulau Pinang. The
center line of the cut-off ¢hannel moves towards the. Kedah slde by a maximum

of 350 m, and some 30 ha of land could shift to the territory of the State of

S-12
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Putau Pinang. Nevertheless, the align’meni of the cut-off channet is proposcd as
~ the optimum plan from the-cngincering viewpoint, and a certain agreement
between the slates will be required to delincate the new state boundary in

" conncciion with the construction of the new cut-off channel,

3.2 Non-Stractura! Plan

Various land development activities such as urban, industrial and agricultural
“development are now expanding to the riverside arca. In line with such land
development, land acquisition for the river improvement works tends to be difficult.
At the same time, thc flood damage potential is going to increase, and the river
morphology is scriously affected by the land development activilics. In duc
considération of the ongoing land development coﬁditions, a river reserved arca
“and/or a river controlled area is proposed in a certain extent of the river. The river
reserved arca and the river controlled area is to be under the jurisdiction of the river
management body ncwiy proposcd in scction 7, and having the .following public

purposes and conditions on the land acquisition, rcspeblivcly:

Area - Purpose _ Land Acquisition
River Reserve | 1.To facilitate river improvement works | Entire Jand in the arca Is subjeet to
Arca 2.To preserve the space for river | Jand acquisition by the government,
operalion and mainienance works and any private land - development
works are frozen under jurisdiction of

-} the river management body.
River 1,To presceve the natural flood retarding | The present private Jand located in the
Controlled effects and protect the river from the | designated area is not subject to land
Area - undesirable activites. ‘| acquisition by the government, but all

2. Te minimize the damage caused by
flood taundation and channel erosion
and/or meandering. ‘

3.To be a buffes of a belt area with a
width of 20 m along a river dike to

" protect the dike from undesirable
activities, '

Jand development therein is to be
controlled “through evalualion and
approval by the siver management
body.

‘The river reserved area for Muda River is proposed in due consideration of the
niccessary space for the proposed river improvement works as well as the necessary

tiver operation and maintcnance works. While, the river controlled area is proposed
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as the extent of the possible flood inundation arca of 100-year return period, the
possible extent of the river eresion and meandering and a belt area of 20 m in width
atong the proposed river dike. The proposed siver reserve arca and river controfled
area cover an arca of about 57 km” in total .'al()ng a stretch of 113 km of the main
strcam from the river mouth to the proposed Jeniang Barrage and a stretch of 41 km
long of Ketil River from the confluence with the main stream to Kg._ Tg. Merbau, as
shown in Figs. 3.2.1 to 3.2.2. The average width of river reserve arca and river
controlled arca is about 69 m and 167 m, respectively both for right and left banks, as

listed below:

* Proposed River Reserve Atéa and River Controlled Area

Rivet Stretch " Stretch River Reserve Area River Controlted Area
Length . Area Widih* Area Widih*
{ken) (ken’) (m) (km’) (m)
Muda . | Lower Muda River (River 403 ‘5.6 63 : 16 20
-Mouth to Ldg. Victoria ' _ :
Ldg. Victoria to - 728 - | Nil Nl 331 07
Proposed Jeniang Barrage :
Ketil Muda Riverto - 41.0 - Nit Nil : 169 206
Kg. Tp. Merban . ' .
Total for Average) o 154.2 5.6 69 {Ave) 516 | 167 (Ave)

* Average width on one side.

4. - WATER RESOURCES MANAGEMENT PLAN
4.1 Projection of Water Demand

The domeslic/industrial watcr demand taken from the nvcr source will increase front
339 million m /ycar at prcscn! to 640 million m /ycar or 1.9times of the prcscnt‘ :‘
value in the year 2010. This rczm\rln:ablc= increment is attributed to the populalion
“growth, the increment of per capita water consumplion and the intensive industrial
Edcvclnpment In contrast, the future fnigélion are’a ahd its ‘cmrcép(mding water
“demand tend to slightly decrease. The pro_;cctcd waler demand for cach state as Wcll

as the irrigation scheme is as summarized below.
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Projected Water Demand
. _ . Present - Projected in 2010 ]
Deroand lierss Gross Demand Requiréd froa Rivée " Gioss Dgmaad Required from River
. @iy [ | 0%nn | @) | aotwlsn | %) 1 @iy | )
}. Dontéstic/indusical _
{2} Kedah State 129 45 136 . | 81 21 | %0 281 C1LE
(b) Pulau Pinang State 166 | 381 9.6 300 9.9 350 152
(c) Perlis g 0.3 9 0.4 9 03 9 04
Sub-Teta » a4 | 106 339 . 16.7 550 92 640 29.7
2. Lutpatioa Watee : - : _ - :
(2) Muda Scheme 1,977 | 89 | L £3.6 2010 | - 666 1,230 512
(b) Balix/Scherang 156 54 0 40 170 5.6 100 _L A4
(c) Others 433 151 216 0.7 260 8.6 180 84
Sub-Tota) 2,566 89.4 1,657 813 2,440 50.8 1,510 703
Grand Tota) 2,870 100.0 2026 100.0 3,020 100.0 2,150 . 100.0

4.2  Neccssary Water Resources Development Facilities

A f\'vatm; demand and suplﬁly balance simulation was madc to scrutinize the RECessary
water tesources development facilitics that can meet future water demand and the
river maintenance flow in casc of the propos’éd drought icvcl of 10-ycar return pcriod.
In the simutation, future water demand was assumed as the valuc projected in the year
2010, while river maintenance flow was estimated as the value to correspond to the

specific discharge of 0.01 m>/s/km?, as described in Section 6.

From the results of simulation, it was evident that the mew water resources

- development facilitics of Beris Dam, Yeniang Transfer Canal; Naok Dam and Reman

Dam are required (o guarantee the full water supply for the projected water demand in
the proposed drought level. There exist three (3) dams in the study area; namely,
Pcdu, Muda and Ahning. The active storage capacity and available supply area for

these exi.sling and proposcd dams afe as summarized below (refer to Fig. 4.2.1).
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Existing and Proposed Dam Reservoirs for Waler Resources Development

Water Supply Asea Available Dam Catchmaat Active

-Supply Source . Afea - Storage

- (k') | Capacity |

S . ) L -] (losm"’) !
Norihein and sduthern part of Mada Iriigation scheme Pedu (Existing)* 17 1,049
: Muda (Existing)* 41 160
- g - . Ahning (Euslmg) 120 200
Southern part of Muda Irrigation scheme and the whole Beris (Proposed) 116 114
subply aréa for Muda river system ‘ Naok (Proposed) - 15 ;27
Reman Proposed) 32 240

4.3 IOplimum Dam Operation Rule

Trial simulation was made to select the optimum rule assuming various timing for
p

starling the water supply from cach of the existing and proposcd dams. As the resuly,

lhc followmg rute is prowsmnally sclcctcd to minimize the period of water deficit for

all ObjCClIVc watcr supply areas mcludmg the northcm past of Muda irrigation

~ scheme.

Dam Cperatioﬂ Rulé to Minimize Peciod of Water Deficit

Dam Storage Velumé Dam to Supply Kedah River System Dam to Supply Muda
Storage (10°m™) _ River System
Pedu and Naok and Northesn Part Southern Par :
Muda Dam | Reman Bam :
> 400 - Full Pedu Pedu Beris, Naok, Réman*>
300 - 400 - » 150 Pedu, Ahning*" Nack, Reman*" | Beris, Nadk, Reman*?
’ <150 Pedu, Ahning*’ Naok, Reman, Ahmng Beris, Naok, Reman*’
< 300 > 150 . Pedu, Ahning" Naok, Reman, Besis*' Beris, Naok, Reéman®”
<150 Pedu, f\hniﬂg*l Naok, Reman Ahnmg, Beris, Naok, Reman® "
: Beris*! o

*i: Necessary water supply is al!ocaied to ¢ach dam in accordance with the ratio of the:r res:dua] reSeTvoir
volume, '

*2: After residual storage volume of Beris Dam falls ta zeso, Naok and Reman dams starl water supply.
*3: When necessary water supply from Naok and Reman dams is deficient, Ahning Dam starts to
supplement the deficiency.

When the above dam operation rule is applicd, the annual minimum storage volume

of all existing dams as well as Naok and Reman dams falls to zero for only two years

among the 30 )’CaISI of simulation period (refer to Table 4.3.1). This condition

indicatcs that the design drought level of a 10-ycar return period in drought

recurrence  probability can be guarantccd for all objective water supply areas

including the northern part of the Muda irsigation scheme,
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The dam opcration rule mentioned above is, however, not to contain any factor to
adjust dam water supply volumic corresponding to the drought conditions. Due to
snon'-adeStm'crit of water supply concsp()ndi_ng to the drought condiliohs, the dams
En'céd to continue full water supply until their storage volumes fall to zero. Such
“opcration rule could minimize the water deficit period, bu'.t also cause an extremely
'Iargc shorfage of waler supply‘ durin'g the zero period of dam storage volume. To
avoid such undesirable condition, an attempt was made 1o improve the aforesaid dam
'opcr'a.lion fule and the following optimum rule is finally sclected to minimize the

drought damage.

" Optiuri Dar Qperation Rule

Dam Siorzge Volume Dam to Supply Kedah River Systes Dam to Supply Muda Curtailed
Storage {lDﬁms) : Rivér System Ratio of Dam
Pedu and Nack 20d Northera Part Southern Part Water Supply
Muda Dam | Reman Dam
> 400 Full Pedu Pedu Becis, Naok, Reman** | 0%
- 300 - 400 > 150 Pedu, Ahning *! Maok, Reman®? Béris, Naok, Remaa®? 0%
N <150 Pedu, Ahaing o Naok, Rcm1rr,‘A.?_u‘nin;z_:,“’l Betis, Maok, Rémza®’ 0%
200+ 300 > 150 Pedu, Ahning®' Naok, Remzn, Beis*! Becks, Naok, Remen®? 105%
< 150 Pedu, Ahning®' Naok, Remaa, Ahding, | Béds, Naok, Rémen®? 10%
Bcris_“
100 - 200 > 150 Pedu, Ahning" Naok, Reman, Beécis*! Becis, Naok, Recan®? 0%
<150 Pedu, Ahning‘l Naok, Reman, A!mmg, Beris, Naok, Rc‘man‘z_ 30%
. _ . . Beris ** - E ) . .
< 100 > 150 Pedy, Ah_ning'l Naok, Reman, Beris*! Becis, Naok, Reman®” 0%
<150 - | Pedy, Abaings! Naok, l;lcmm . Aheing, Pesls, Mack, Reman®® 50%
) Beris *

*1: Necessary water supply is allocatéd to each dam ia accoidance with the ratio o!lhc:r rcs.ldua.l reservoir volume,

2. Aficr residual storape volume of Bedis Dam falls to zero, Naok and Reman dams starl watee supply.

*3: When ncessary water supply from Naok and Reman dams is deficieat, Ahning Dam siar(s to supplemeﬂllhc d-:l'mcncy.
The optimum dam operation mule indisputably causcs a longer water deficit period
than the first ule to minimize the period of water deficit due to the curtailment of
dam watér supply. However, when the oplimum dam operation is applicd, the annual
mlmmum storagc. volume of the existing dams as wcll as Beris Dam never falls to

Zero as shown in Table 4.3.2, and the average deficit volume durmg the deficit days

could be reduced minimizing the drought darmage, as shown below.
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Water Deficit in Extraérdi nary Drought Year

Dam Operation Rule Deficit | Basic Demand | Annual Deficit |- Number of Averags
: “Year from River |  Volume Deficit Days Curtailed
{10%myear) - | (10%m*yean) inayear | Ratiofor
. : ' Deficit Days
o S - o - (fyear)
Operation Rule to ) 1982 1,922 ] 179 37 54
Minimize Deficit Period 1983 2061 | 15 21 743
Optimem Rule 180 2031 | 2 52 8
1982 . 1,922 80 B89 -1
1983 . 2,061 i 158 - 51 . = N
1985 2,199 1 : 40 3
1987 2170 . 23 ' 86 - 3

5. RIVER ENV[RON.‘\HEN’TAL_MANAGEM ENT PLAN
5.1 River Maintenance Flow

As describéd in Scction 4, the proposed water resources dcvclopmcnt' plan for the
Muda river basin contains the construct:on of Beris Dam, Jeniang Transfer Canal
‘Naok Dam and Reman Dam, which may causc a substantial change on the natura!
| river flow regime. On the other hand, there does not exist any standard or regulation
to set up the river maintenance flow which is defined as the minimuin rcquirernent of
the river flow discharge and to be guarantced by the relcase from the i}roposca dam

1ESErVoIrs.

The river maintenance flow .is essential for maintaining the .appmpria!c- river
environiment, paﬁicularly,! the river water quality during the pcriod'lolf low: flow
fegime. From this point of view, the necéssary river maintenance flow is detesmined
in due consideration of the fo’floWing four (4) dominant fa'ctors‘: |

(a) Nccessary Discharge to Maintain the Appr{)pnatc River Water Quahty,

(b) Necessary Dlscharge to ConserVe Naturat Low Flow Regrmc, '

(c) Necessary Dlschargc to Conscrvc River Ecology; and

(d) Necessary Discharge to Maintain River Scenery.

As a tesult, the discharge to maintain the appropriate river water quality is evaluated
as the most dominant factor to determine the minimum requircment for river
maintcnance flow. Based on the cvaluation, the- river maintenance flow was

determined to correspond to the specific discharge of 0.01 m’s. This river

$-18
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maintenance flow is to be guarantecd by the water released from the proposed dams
and its supply plan is incorporated into the integrated dam eperation wule described in

Section 4.

5.2 _ River C_orri(lbr Management Plan
52.0 Extent of Zoning Plan

The delincalion of river reserve area and river controlled area is proposcd along the
river corridor to rescive the land for river impravement works and at the same timc 10
prescrve the naturat flood retarding effect (refer to Section 3). To facilitate thesc
public, zoning plan of the river reseive area and river controlled arca is essential. The
zoning plan around the dam reservoirs is also i'ndispcnsablc to prescrve the natural
features of the dam reservoirs and to promote inland agro-tourism. From these
vicwpoints, the zoning plan was applied to the following four (4) blocks which are
located within the limits of the proposed river seserve arca and the takeshore arcas

around the reservoirs of Muda and Beris dams (refer to Fig.5.2.1).

River Corridor Zoning Plan

Name of Block Extenl

(1) Lower Reach Block | River improvement strelch from ihc river moulh up to about
' ' | A0 km upstream. B
(2) Middle Reach Block (a) River corridor along Muda main stream stating from the

upslream end of the above rivet improvement séction up
10 the proposed site of Jeniang Barra ge.

(b) River corridor along Keti} River starting from the
confluence of Muda River up to the confluence of Kepang

Rives.
{3) Muda Dam Reservoir Block | Lakeshore around Muda dam reservoir
{4) Beris Dam Reservoir Block 1akeshore around Beris dam resecvoir

522 Zoning Plan in Each Block

'_The p_rdpos:cd 'zoniﬁg plaﬁ is subject 1o the following f011r-(4) types of land

development:
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Type A___j Land for Nature Reserve (refer to Fig. 5.2.2)

Typé B Land for Nature Use (refer to Fig. 5.2.3)

Type C__ | Land for Agriculture (refer to in Fig. 5.2.4)

Type D Land for Recreation Development {refer to Fig. 5.2.5)

On the premise of the above land developmcnt types, the 'z{)ning' plan is proposed for

each of the aforesaid four {4) blocks as described below.

1

2

)

Zoning in Lower Reach Block

The zoning is made, in-principle, for the space of the high water channel

proposed in the river improvement plan (refer to’ Fig. 5.2.6). In- duc

- consideration of easy accessibility from the urban areas, the principal purposc of

zoning is sct in developing the fecreation space along the river as well as the

‘scenety of the river. Among the proposed recreation development areas, those

afound’ Muda 'Barrage and- Bumbung Lima arc proposed as large-scate
development arcas containing the recreation complex as shown in Figs. 5.2.7 to
5.2.9.

Zoning in Middle Reach Block

The land development for rccrcat:on purpose is proposed 1o’ the limltcd spols
currently owned by the Goversment. The principal purpose of dcveloPmcnt isto
prov:dc a nvcrsulc park for the neighboring local residents in partlcular (rcfer to
Fig. 5.2.10), '

Zoning in Muda Dam Reservoir Bloék

* The lakeshore has a sleep slope, and any targe-scale resort development is

judged to cause scrious aggravation to the morphology of the dam reservoir.

From this viewpoint, a nature usc zone such as a lake park and campsite is

~ proposcd on a small scale along the feft bank about 2km downstream from

Muda Dar (refer to Ti lg. 5 2.11). The dcvclt)pment Zone as recrcatlonal area 1s

also proposed on a small scale around the dam site, Aside from the above nature

use zone and development zone, the entire lakeshore area is proposed as a

naure reserve area.

- 8520
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(4) - Zoning in Beris Dam Reservoir Block

An cktensive plain tand of about 222 ha is tocatcd atong the southern part of the
lakeshore {refer to Flg 5‘..2.12). The land will have easj accessibility via a
pfopc)scd connection road and, further, an islaﬁ_d located fn front of the land
could be used as a part of the resort spot. From this viewpoint, a large
recreational park is proposed along the southern part of thc.lakcshorc (refer to
Fig. 5.2.13). There exist the international resott area called Pedu Resort along

- the shoreline of the Pedu dam reservoir, In this connection, the park proposcd |
for Beri§ dam reservoir is expected to. promote intand aquatic tourism

development for the State of Kedah together with the Pedu Resort.

5.3  Management Plan for Sand Miﬁihg‘ Operalion's

As described in Subsection 2.1.2, the riverbed subsidence due to sand mining is so
serious that Fiver struclures or their functions are threatened to be damaged. To
minimize such aggravation, the following items are proposcd as major issues for

controlling future sand mining operations.
5.3.1 Environmental Impact Assessment and Monitoring Work -

According to the present regulation, Environmental Impact Assessment (EIA) is made
for development activities with a land size of more than 50 ha. All of the present sand
mmmg operations is, howcva:, made within the limits of less than S0 ha and are,
therefore, not subject 10 EIA. In consideration of the present various adverse cffects
of sand mining o:pcrat:ions; the present regulation on EIA shall have to be amended
and EIA should be required for all pr'opéscd ‘mining works, EIA for sand mining
opéralioh§ and the control of sand minihg volume shall be made in the following

mManners;

(a)  Alt river sand mining operations in one river basin shall be integrated
into one package, and EIA on the basin-wide mining opcration in the
past onc year shall be annually made for every river basin regardless of

the mining size.
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(b) An increment of basin-wide mining volume shall be pemitted when
EIA cvaluates that the mining operations in the past one year could .not
affect any significant river environment. However, the maximum annual
increment of basin-wide mining volume shall be Limited to' 10% of the
present volume in order lo avoid lhc drastlc altcmahon on lhc river

cnvuonmcnls

{¢) . Should EIA cvaluale that the basin-wide mining volunie in the past onc
year could caus¢ the significant adverse cffcets on the river biology,
“morphology and other related environment aspeets, any issuc of further

license for mining shall be frozen.

“The monitoring of mining works is also quite insuf€icient duc to lack of manpower at
the related government agencics, and should be improvéd with particular attention on
the benefits to inhab_i.tan_ts. The pcn'odical river ch:ar‘mel survey should be also carried
out to .:'nbnito.r the effect of the mining works on the rivé_r channel. Morcover, a
consistent gauging systein on the basin  scdiment yicfd is urgently required to bé
established to'clar'ffy the rclatilonship between the sand mining volurﬁe and the
available sand supplicd from the basin. Details of the proposed gaUgmg syslcm is

described in Section 6.
5.3.2° Gradual Reduction in Riversand Mining

- The desigh riverbéd .pr'ofilc pmpo.s'cd in Section 2 is to stabiliz’e !he rivéxbed and lo
increase lhc river channel flow capac:lty To avoid any funhcr adVerse cffects on thc
chign nverbed profllc the fature sand mmmg volume shall be taken from the laycr
between the ongmal nw:rbcd and thc dcs:gn riverbed. ‘I“nc avaitable sand deposﬂ in
the allowable mmmg laycr is esumated on Ihc basis of the proposed dwgn nvcrbed
profile and the results of the river channel survey undertaken by HCA in 1994, As the
results, the following volumes are proposed as the al!owable sand deposit for mlnmg

opcrations.
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Sand Deposit Allowable for Mining

" River Stretch Length Sand Deposit
System ' . . {km) {m3)
Main Steeam | River Mouth 1o Muda Barrage 10.4° 620,000
Main Stréeam | Muda Barfage to Merdeka Bridge - - 2.1 160,000 . ]
Main Stream | 43 to 50 km upstream [tom River Mouih 6.1 © 310,000
Main River | 63 to 68 ke upsiceam feom River Mouth 2.0 " 130,000
Tolal. : : ' : 21.8 1,220,000 -

The above estimiated sand deposit is almost equivalent only to the actual annual
mining volume in 1993, and out of the total deposit, about 50% (620,000 mJ_). is
located downstream from Muda Barzage containing the salinily. Morcoves, the annual
basin sediment yield is cstimated at about 10,000 m> which is much less than the

actual mining volume in 1993,

' Since the sand dépmit for allowable mining is quitc limited, and sand supply from the
upstream js hardly expected, the riwferbcd will be lowered as long as sand mining
operauons are pursucd In due consideration of these conditions, gradual reduclion

and finally freezing of sand mmmg from the riverbed is strongly recommcnded
533 Alternative Source for Construction Sand

It is indispcnsable to locate a new mining source aside from the riverbed. In this
connection, ocean sand is regarded as the most probable altemative source for sand
mining. In Japan, the present major source for sand mining is cither the mountains or
the ocean, and mining from rivers is less made because of erosion of the river

channel. The ratio of sand mining volume from each source in Japan rccorded in 1992

are as summari ized below,
Sand from the Ocean 36.7%
Sand from the Mountain | 36.2%
Sang from the River and Others 27.1%

The sand mired from the occan contains salt that must be removed. According to the
Japanese Standard (J1S A5308), the sand after removal of salt must contain salinity
(NaCl) of tess than 0.04% for use of concrete material. The shells and other deposits

in sand must be scgregated f;orh the sand. When the mined sand is too fine and its
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particle size is rather uniform, crushed rock is mixed with the sand to make the

appropriate distribution of particle sizc.

Thus, mining from occan sand will require additionat trcatment as well as mining cost
as comparcd with river sand. Morcover, the material of the ocean sand is nol always.
applicable to the construction material. Accordingly, detaited s‘anipliﬁg test will be.
required in édva’nf:c, and the appropriatc arca for mihir‘ig will nced to be sck:.ctcd,E

when the ocean sand is applied. .

6. WATERSHED MANAGEMENT AND MONITORING PLAN
61 Zoﬁing Plan for Watef Sml'r'ée Reserve Area

A river 'rcscrvé and controlled area is proposcd to facilitate the river improvement
Wdrks, to prcécrvc the natural flood rctardin'g cffeets and fo minimize the damage
caused by flood inundation énd channcl erosion (rcfer to Chapfcf 6). In .thi.s Slﬁdy, a
water source reserve area is further proposed with the following objéclivcs(refei to
Tables 6.1.1 16 6.1.2 and Fig. 6.1.1:

(a) To preserve the appropriate basin runoff discharge and sediment load;
() 'fo restzain polluted water toads flowing out from the basin; and

(c) To protect the morphology of the dam: seservoir: from the undesirable

© activitics along the lakeshore.

The proposed water source rcséryc area shall covcr.'thc catchment arca of the existing
Muda Dam, the proposed Beris Dam, and the Jeniang Baﬁage. The prcsént major
forest seserve area located in the upper reaches is also added to the water source
rescive area. Hence, the waler source reserve area comes to’ about 2,529 km? or
60.1% of the entire Muda river basin. The water sour(':c.resewc'aréa is further divided
into the present forest rescrve afcdqf 2,211 km® and a.gricull.urai'arca of 318 km®

comesponding to about 52.5% and 7.6% of the basin total, respectively,

The water source 1éscive arca Overlaps with the forest reserve arca and “the

agricultural land, The State Authority appointed the Department of Forest as a'legal
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controller for the forest reserve area and the Depariment of Land and Mining for the
agricultural land. The overlapping area is rather extensive, and it is deemed difficult
to transfer such présc"nl jurisdiction to the proposcd river management body; details of
the river management body arc 'described in the following scction 7. Due to this
situation, it is proposed that the river management body will not directly control the
reserve arca. Instead, the body will monitor the logging and/or agricultural activitics
“and will prowdc thie tcahmcal reference rclalcd 1o the river condmons to the prcscnt

: legal controllers and/or the State Authority.

62 Objectives of Watershed Management and Manitaring

As described in the following seclion 7, a river management body is pfopoSCd with a
three tier structure composed of the Muda Council at the top suppoited by a Technical
‘Committee at 1he second level and a Technical Sécretariat at the third level. The river
management body will ihlc‘graié the various monitoring items rclated both to the river
conditions and the land development activitics in the water source reserve arca and
the river reserve area (refer to Table 6.2.1). Based on the fntegrated monitoring data,
the river 'managenacﬁt body wilt execute the short-térm actions for flood mitigation
works, water allocation, and river environmental impmvcrﬁcnt works. The body will
also ' formulate the tong-term  basin dcvel{)pment and management plans. The
pmposcd river management works are carried out on the basis of the mom!ormg

results as shown in Fig. 6.2.1.

6.3 - Proposed Hydrological Monitoring Network

~ Among the monitbn‘ng i!crﬁs, lhq hydroldgical data requires major gaﬁging facililiés,
so that intcgfated hydrological gauging networks are newly proposed as dcscri_bed in
the following subsections. All management =wor]c:s for the proposéd hydrological
gauging nelworks are to be undertaken by the Technical Secretariat under an

integrated river management body (refer to section 7).
63.1 Refcrenée Point

fhc mtegraled rcferencc pomts are ﬂrsi of all proposed tc- consnstenily monitor the

river hydmIOgy The location” of the rcfcrcncc points arc selected considering the
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locations of the existing gauging slations, the confluence of the major tributarics and

the major river struclures, as summarized below (refer to Fig.6.3.1).

Proposcd Reference Points in Muda River System

Principal Réfercnce Point (Class 1) - Sub-Refecerice Polnl (Class 2}
Name River Cati:hmenl Name River Catchment
‘ | Arcam®) | - : | Area Gm® )

(1}Muda Dam ) Muda - 984 _ | (1) Telui Timor - | Muda _. 2377
(2} Jeniang Muda C 1,140 {2) Reman Dam Reman | 32
(3HJam. Syed Omar | Muda 3330 | ()BatwRima 1 Chepir . | | 233
(4} Ldg. Vicioria Muda 4,010 (4) Muda Barrage - | Muda 4,201
(5) Beris Dam Beris 116 {5) Merbau Pulas | Sedim 219
(6) Kuata Pepang Ketil ] - 704 : L ]

The principal reference points (Class 1) are placed along the main siream of Muda
River and/or downstrcam of the major tributarics to provide the principal information
for all river management works. Pﬁoﬁljr.of on-linc system is given to the data
transmittal of runoff discharge monitored at the principal: reference point. The
sub-reference points (Class 2) arc placed to supplement the information for water
allocation and/for flood mitigation works. In addition, the reference for Class 3 are
proposcd at four {(4) sites of the cxisting gauging stations controlled by DID for the

purpose of flood forecasting.
63.2 Rainfall Gauging Neﬁmrk

The existing 15 gauging stations are uncvenly distributed in the lower reaches of the
basin and, thercfore, it is difficult to evaluate the basin runoff discharge in the water
source reserve arca located in the upper reaches (refer to Fig. 6.3.2). in this context,
10 rainfall gaugmg stations arc newly pmposcd to monitor the rainfall conditions
principally for the water source rescrve area (refer to Fig.6.3.2). All proposcd ramfall '

gauging slations arc acccsmblc via the ex:slmg road or the Waterway.
6.3.3 Rivér Gauging Network

Gauging stations are proposed for cach reference point. 'lhc total number of .propi‘)écd
gauging stations is 15, composed of 6 for Class 1 stalion, 5 for Class 2 station, and 4
for Class 3 station. All stations for Class 1 are converted from the existing gauging

stations, therefore, their hydrotogical data so far recorded coutd be iﬁédfpbrﬁtéd into
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the further monitoring works. On the other hand, the Class 2 gauging stations arc
newly proposcd, cxcept the station at Muda Barrage, to supplement the present
hydrological gauging network. The gauging itcms for cach of proposed stations arc as

sammarized below.

Proposed River Gauging Network

Class of | Number of - Location ’ - Gauging lteins

Gauging |  Stations

Station ' -
Ciass 1 6 | Priacipal reference points | Water level, dischatge, sedimentload

.- | and water quality.
Class 2 5 | Sub-refererice points Same as Class 1 but excluding
] ' o sédiment foad
Class 3 4 Present water lovel gauging - | Walee level
' slations for flood forecasting '

" 6.3.4 Necessity of Nationwide River Information System

In the country, there are more than 1,500 rivers experiencing habitual flood
inundation and the recurrent shoﬁagc of water supply. Deterioralion of river
_condlllons could bc atteibuted specially to the lack of non-structural river
" management measures. In this conneclion, the first step for the comprehensive river
basin mandgement must be given to such non-structural measures including

eslablishment of a river monitoring system on a nationwide scale.

“The nationwide river moniltoring system is esscatial for the purpose of planning and
design, chclop'ment and regutar management for the rivers, so that prompt action can
“be taken whenever necessary. The river information to be monitored by the system
will be »_l.'olumin{‘)us and dynamic in nature, requiting frequent updaling and
- systematic stbr’agc. A computerized information system is thercforc essential to

improve cfficiency and cffecliveness in the management of rives.

The Government of Malaysia is keen to establish the nationwide river information
system. This nahonwndc nver mformallon system is a new attempt for !he
: hydmloglcai momlormg aclmtlcs ancl will be useful for the aforesaid comprchcnswc

river basin management. Acc0rdrngly, an early implementation of the study on the
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strongly recommended including the study on the optimum institutional setup for the

system managenient,

7. INSTITUTIONAL SETUP FOR RIVER MANAGEMENT

In duc considcration of consistency ‘with the existing govemment structure, the

following three-tier structure is proposed to organize the river management body

%lncludmg the Muda River Basin Management Council at the top supportcd by a

‘Technical Committee at the sccond level, and a Technical Secretariat.

_ Composition

Mcmi;as

Secretariat

: Functions/Soope of Works
Muda Rivér 1. EPU of Kedah and Peaang | 1. To approve Long-Term and Five-Year Basin Water Resources
‘Basin 2. DID of Keédah and Penarg Developmént end Management Master Plan
Mariagement | 3. MADA 2. To approve basia policlcs oo water use priorifics and allocation, Bood
Council 4, PWA FUtIRation measures, fiver iescrves, tiver enviconmeni managemen, cic
5. Depariment of Lands and 3. To agprove emergency actions 1o be takén during caireme droughts and
Mines of Kedah and floods
Peaang 4. To apgrove waler pricing policies both for the water abstraction from and
6. Forestry Depadiment of watér discharges into the Muda River,
Kedah
7. Water Supply Division of
] .- - Kedah PWD ) ) ) ;
Technical 1. DIDof Kedah and Penang  § 1. To promoie and implement rational manage meut of water resources of
Commiltée 2. MADA ; the Muda Rivér Basin through integrated and coordinated planning of
3. PWA water resources developmeat
4, Water Supply Division of . | 2. To prepase the Loag-Teom and the Five-Year Basin Water Resourées - -
Kedah PWD Development and Management Master Plan of the Muda rives basia
5. Fofestry Depariment of 3. To establish procedures fo determing watée use poorities during periods
Kedah of inadéquate walér supplies due to drought or other causes
6. Town aad Country 4. To ¢stablish guidelines and procedures for the pr:\rmnon aad coatrol of
Planning Depariment of flooding, soil ¢rosion and damage 10 calchmeént aceas and water causes
Kedah ) 5. To formutate policics and legal provisions for the management of the
7. Landsand Minés - * Muda River Basin for coasidecation and cndoéséimeat by the Muda River
- Department of Kedah and Basin Management Council
Pénang &. To'mmdin_aic and iotegrate ke different developmeet and manageraént
plans and peojects of the various departmient and agéacies witkia the
Basin; 2ad )
7. ‘To coordinate 1and use plannfag uad land use changes with water
tésources plenning, devielopraent and managemen) of the Basin,
Technical | Federad Unit of DID 1. To collai¢ all the hydrologlcal dats, water extraction data) waits use data,
waler pollution data, etc., from the existing govémmeat dtpa.nn:tnls and

agencies in the statés of Kedab acd Pulan Pinang |

. To collate #i dnclopmeul plass, management p!aus, dcs:gu standa rds,

et for the preparation of the preliminary Lobg-Teom and the Five- Ycu

Basin Dcvclopmml and Managemtol Mastez Plan;

, To monitor ali; icuvmcs related fo the Muda Rﬂ ¢t Basia v.hncb have

major negative frapacts 6o the water resources ¢f the Basin;

. To submit proposals (o the Technical Commilicé on resoldving fssues and

problems encouatered in the implementation of the Master Plaa; 7
To piepare procedures for the consideation of thé Technical Commiltee |
oa propes managément of sand miclog, designation of nvcr reseves, a.nd

[Issucs reladed 10 the management of the Basing

. To act as the Rivésr Administrator of the Muda River where :ppropﬂzlc,

and with endorsemeat of the Mada River Managerient Council
To enforce the enitrgency aclions 16 be laken durfng dréughts and floods

ss 21d whean direcied by the Muda River basin Managemenl Council,

'§-28




Vol.l Summary

Through a serics of discussion with and agreements from the officials concerned to
the State Governments of Kedah and Penang, the following amangements for the

above organization arc provisionally proposcd:

(@) The Muda River Basin Management Council shall be chaired by an
appropriate Executive Council Member of the State of Kedah and the
Sccretariat to the Council shall be the Kedah State Economic Planning.
Unit;

(b) The Chairman of Téchnical Committee shall be the Director of the River

Division of the Federal Department of Irrigation and Drainage; and

() The Technical Secretariat shall be a Federal Unit under the Director of
River Enginccring Division of the Decpartment of Irrigation and
Drainage and shall be cslabhshcd in the office of the Kedah State

Dcpartmcnt of Irrigation and Drainage.

To offsct part of the cost for the integrated management of Muda river basin, the
-Muda River Basin Management Couricil could consider charging fees for the direct
abstraction of water from Mu(}é River from the main waler suppliers. The charge to
be levied will be based on the .quanlily and usage of the water suppliers. A fee could
‘also be levied on the discharge of water from point sources, and the charge will be
“based on the quantity and level of pollution of the water bcmg chschargcd at each
point, '

The proposed institulional selup can be cs_tablished with the existing government
-depariments and agencics'-."l’hc're will only be one new unit, the Technical Secretariat,
' which will be seconded from the Federal Department of Trrigation and Drainage, to
‘the Kedah State Dcpartment  of Irrigation and Drainage. Thus, the proposed
institutional setup can be established almost immediately with minimal additional
costs. - '

As a start, the Technical Secictariat will be the central collating organization for the
monitoring system of Muda river basin. It will not immediately take over the existing
monitoring activities of the various govemment departments and agencics, but will
complement and enhance the existing monitoring system by advising on additional
monitoring required and providi.n g some funds from the Federal Govemment for the
purchase of new equipment. The Technical Secretariat will also eolfate and integrate
~all existing monitoring data cotlected and carry out studies and analysis on the data
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when necessary. As the Technical Scerctariat beconics beiter established, it can and
should slowly take over the operation and management of the whole monitoring
“system of Muda river basin in an integrated manner.

8.  CONSTRUCTION PLAN
The implementation schedule and project cost estimate are picparcd for the structures

proposed for the three (3) major sectors, mitigation plan, water resources

management plan and river environmental management plan.
8.1  Implementation Schedule
In duc consideration of the aforesaid basic conditions for construction works as well

as work quantitics of the proposed structures, the implementation schedule s
* proposed as summarized below (refer to Fig. 8.1.1). |

tmplemeéntation Schedute

Implementation Period Alfocated to 5-Year Malaysia Plans

Work ltem Preparatory/Eingineering Works ' _Consiruction Works
: Tth gth Sth 7th Sth 9h

(1996- | (2001~ | (2006~ | €1996- | (2001- | (2006-

2000) | 2005) | 20100 | 2000y | 2005 | 010

1. Flood Mitigation

1.1 Downstream of Muda River c ' . - o

12 Others _ - o . 0

2. Water Resources Management

2.1 Beris Dam

2.2 Jeniang Transfee System

23 Naok Dam’

24 Reman Pam

Relledla]le)

3. Rivér Environmental managément

o] lo|olo
o [altwlls]
Q

3.1 River Corridor Development

3.2 Dam Lakeshere Development |~ O . . 0

To facilitate the successful implementation of the structural plans and the integrated
operation of the structures, the watcérshed management and monitoring plané are

further scheduled to be completed in the foltowing S-year Malaysia ptans (M.P,).
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~ Implementation Schedule of Watershed Management and Monitoring Plan

o . Workltem - | Target Completion
(1) Institutiona! Setup for River Management Body 7th M.P.
(2) Zoning (River Reserve Arca and Water Source Reserve Ara) | TthMP.
(3) Moniloring System for @ Hydrologicat Data L Tth M.P.
- : “Waler Abstraction Volume 8th M.P.
QGthers _ 9th M.P.

‘8.2 Praject _Cos{

The project cost is cstimated on the basis of the design, construction plan and

schedule, and the foltowing assumptions and conditions:
(a) Al unit costs are ck‘prcssed based on the price level at the end of 1994.
(b) Thc exchange rate of currency is US$1.00 = RM 2.51.

(¢} Project cost is composed of canstruction cost and conlingencics. The
consteuction cost is further divided: into direct and indirect costs that

includes the following ilems:
(D) Administration Cost = 5% of direct cost and compensation cost;
(i)  Engineering Cost = 10% of direct cost;

(ii})  Physical Contingencies = 10% of dircct cost, compensation cost

and administration cost.

' Based on the above premises, the project cost is estimated as below.
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Projec! Cast

: - _ Unii: RM 1,000
. Work lten. -~ F.C. L.C. Total
1 Fleod Mitigation Plan {River Improvenient) : _ _
1.1 DNownstecam of Mida River : ' 171,143 152443 ] 323,586
1.2 Kuala Kelil Town Stietch ' 6994 11,270 18,264
1.3 Bating Town Swretch e ERET T C 6719 9810
1.4  Sik Town Stretch : S 2212 . 5,138 7,350
__ Sub-Total ' 183,380 . - 175,630 | - 359,010
2. Water Resources Management Plan ' _ B : :
2.1 Beris Dam ' 75,505 100,056 175,561
2.2 _Jeniang Transfer System - 56,576 109,509 166,086
23 RemanDam - 49,750 78,806 128,556
Sub-Total 181,831 288,371 470,203
3. Rives Environmén{ management : 16,977 ) Wy ] 42,201
Gianrd Total 376,188 466,225 871,414 .

Note: Cost for price escalation is excluded from 1he above project cost.

9. { PROJE_CT EVALUATION -
9.1 Economic Evaluation

The economic evaluation was made for the proposed structural plans in the sectors of
flood mitigation, water resources management and river environmental improvement.
Summarized below is the cconomic internal rate of return (EIRR) for proposed

structural plans.

" Economic Evaluation

Sector Proposed Structural Plan EIRR (%)
Flood Mitigation . River impiovenient of 4 targel river stretches. : - 83
Water Résources Construction of Beris Dam, Naok Darm, Reman Dam and Jeniang 4.6
| Management . ‘Teansfer Canal. . L :
River Enviconmental Land development of river corridor and lakeshore ardund 23.8
Management reservoirs of Muda and Beris damis : .
Overall - - ] S, B 13.6

According to analysis of international agencics, the opportunity cost of capital is
‘cstimated at 10 to 12%. Among the proposed structural plans, those for water
rcsources management and river environmental management excced the appbnuni!y

cost , and thereforc could be economically justifiable.
On the other hand, the EIRR of the structural plans for flood mitigation is somewhat

low as compared with the opportunity cost of capital. The flood mitigation project is,
however, essential to cnsure an stable social environment and promote an cconomic
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development of the region. Accordingly, implementation of the flood mitigation
project is recommended, not necessarily being ticd down 10 the economic viability.

9.2  Environmental Impact Assessment
A preliminary cavironmental impact assessment has been carcied out for the

following major proposed structures for water resources devclopment,  flood

mitigation and river environmental improvement.

Sector Objective Structures
Flood Mitigation River Improvement of Lowet Muda
Water Resources Management Beris dam
Jeniang transfer system including Naok and Reman dams
River Environmental Management Bens dam reservoir recreational park
Muda barrage recreational park
Bumbong Lima receeational park

The results of environmental impact assessment are summarized into assessment
matrixes as shown in Tables 12.2 1 10 12.2.6. According to the assessment matrixes,
the significanl impacis by the proposed structures arc seen in the following four (4)
issues: (a) resetitement, (b) distuption of communily, (¢) soil crosion and (d) water
pollution. The countermeasurcs and necessary moniloring items for these issues are

proposed as below,

Issues Caous Counlermcasures Necessary Monitoring Ttems
Resettlemeat | (1) Beris Dam’ (1) Coordination with ichabitant, (1) Living conditions of
(2} Jeaieng Transler | (2) Reasonable compeasation for ) inkabitant 1o be resetiled,
Sysicra resctelement. {2) Regional socio economy
{3) Riverchannel (3) Assistance and guidance for suitable (3) Precedents of resctiement of
Improvertent income of inhabitanl 10 be ressitled. similar projects.
{4} Bumbong Lima (4) Preparation of resetdzmént Jand based {4} Conditioas of rescitlerment
recreation park on the desire of inhabitant. land,
Disruption of § Beris Dam {1) Compensation 1o non-reseitied {1} Regional socio coonomy
community inkabitant, (2) New franspotiation sysiem
(2} Coostruction of new transportatioa (3) - Liviag conditions of
network, inhabitants including
(3) Reoiganization of administrative non-selied people.
division.

{4) Establishmentof aew
- telecomnapaication service,

Sofl erosion (1) Beris Dam {1) ' Dsedging works {1} Topography, geology and

(2) Jeniang Trapsfer | (2) Plantation soil.
System {3) Land use contiol {2) Vepetation
Waiee (1) BedsDum (1) Control and treatment of pollution {1) Pollutioa source
poltution (2} leafang Transfer Yoads. ) (2) Water use in dam reseevoir
’ System (2) Removalofvegetation befocedam and river channel,
{3) Beris Dam impounding. | (3)  Water quatity survey.
Reseevolr

Recreation Park
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 TABLE23.1 PRESENT LAND USE IN MUDA RIVER BASIN AND KEDAH STATE

ltem ..Muda River Basin _Kedah State

@m2) | (% | @m2) | (%)

1. Agricultural land _ 1,771 42,06 4,756 51.22
(1) Mixed Hotticulture -~~~ 163 3.88 4261 - 4.59
(2) Rubber | 1,3931 3300 2,504 26.96
(3) Oil Palm : 76 180| - 2190 236
(4) Paddy S 131 331| 1,448 15.60
(5) Others | B 8 0.18 1581 170

2. Non-Agricultural Land 2,439 s7.04] 45300 4878
(1) Urban and Associated Aica 2 0.05 122 131
(2) Forest - 2,361 5609 3,944 42.47

(2) Forest R 2,251 53.46] 3,483 37.51
(b) Sciub Forest | 109 2.59 334 3.60

(c) Scrub Grass | 2 0.04 127 1.37

(3) Newly Cleared Land 62 1.48 129 139
(4) Lake & Swamp 14 0.33 62 175
(5) Others Nil 0.00 1720 000
Grand Total 3 42100  100.00] 9,285  100.00

Source : Land use map from Ministry of Agriculture

Development Statistics of Kedah Darul Aman



ANNUAL MINIMUM STORAGE VOLUME OF DAM RESERVOIR

TABLE 4.3.1 _
(UNDER OPERATION RULE TO MINIMIZE PERIOD OF WATER DEFICIT)
( unit : 1,000 cum )

YEAR MUDA & PEDU AHNING BERIS NAOK & REMAN
1962 624223.0 200000.0 103248.9 267400.0
1963 287147.8 2000006.0 ' 75563.0 215923.7
1964 278996.3 200000.0 6B798.3 15042¢.9
1965 293876.3 200000.0 85888.4 190875.9
19686 587117.0 200000.0 108456.1 267400.0
19867 7871351.9 200000.0 101440.8 267400.0
19638 594455.5 200000.0 . 89542.9% 267400.0
1959 620740.6 200000.0 100808.2 287400.0
1970 519093.4 200000.0 95799.3 267400.0
19871 743949,0 200000.0 105582.5 267400.0
1972 138923.1 200000.¢0 86455.8 267400, 0
1973 963170.9 200000.0 105435 . 4 267400.0
1974 -183514.1 200060.0 101982.2 267400.0
1975 700277.5  200000.0 101889.4 267400.0
1976 7898776.6 200000.0 26531.3 2B7400.0
1977 - 571171.5 200000.0 53826.1 "287400.0
1978 369350.2 200000.0 57689.3 236520.2
1979 131282.5 117453.3 .0 53741.5
1980 32190.9 40251.5 .0 1880.8
1981 137943.4 63082.2 .0 108542.3
1982 .0 " .0 .0
1983 .0 .0 ) .0 .0
1984 100817.8 50968.5 11018.2 137816.4
1985 40368.5 21459.1 23538.7 68117.5
1986 37122.0 34090.2 41397.8 110946.4
1987 : .0 2295.4 42334.0 57430.8
1988 416646.3 - 88984.5 96885.6 267400.0
1989 795413.1 180796.0 107331.4 - 267400.0
1890 585031.0 199540.8 100599.1 267400.0
1991 159680.2 91097.0 253044.7

387034.86



ANNUAL M.INIMIUM STORAGE VOLUME OF DAM RESERVOQIR

TABLE 4.3.2
' " (UNDER OPTIMUM OPERATION RULE)
( unit : 1,000 cum )
YEAR MUDA & PEDU AHNING BERIS NAOK & REMAN
1962 624223.0 200000.0 103248.9 267400.0
1963 287147.8 . 200000.0. 75563.0 215923.7
1964 278996.3  200000.0 68798.3 150420.9
1965 293876.3 200000.0 85888.4 190875.9
1966 . §97117.0 200000.0 108456.1 267400.0
1967 787351.9 200000.0 101440.8 267400.0
1968 ' 594455.5 20600600.0 89542.9 267400.0
1969 620740.6  200000.0 100808.2 267400.0
1970 519093.4  200000.0 95799.3 267400.0
1971 743%49.0 . 200000.0 105582.5 267400.0
1972 736923.1  2000060.0 96455.6 267400.0
1973 '963170.9 ° 200000.0 . 105435.4 267400.0
1974 783514.1 200000.0 101982.2 267400.0
1975 700277.5 200000.0  101889.4 267400.0
19786 789776.6 200000.0 96531.3 267400.0
1977  571171.5 200000.0 53826.1 267400.0
1978 © 369350.2 200000.0 57689.3 236520,2
1979 ' 131262.5 117453.3 .0 53741.5
1980 57811.3 = 57029.5 R 11315.86
1981 154100.4 82312.9 0 118784.8
1982 .1 602.5 .0 7129.3
1983 " §5366.5 .0 .0 12.6
1984 132504.4 68725.2 111569.1 154839.2
1985 . 801388.9 33433.8 "23850.9 80870.0
1988 67829.9 47860.1 "41756.0 120688.8
1987 17996.1 36335.2 42884 .4 70555.6
1988 435681.6 - 123757.86 97483.2° . 267400.0
1989 795761.0 199861.5 107331.4 267400.0
1990 585031.0 199540.8 100589.1 267400.0
1991 1 199680.2 91097.0 253044.7

387034.6
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TABLE 6.1.1 EXTENT AND PURPOSE OF PROPOSED WATERSHED ZONING

Classified Zone Extént : Size - Purpose
. (k) | ()
Walter Souice Present  forest - resesve . * Preserve the water qualily,
Rescrve Area | 2071 farea surrounding dam | 290 3.7 beatification/ morphology
resecvoir ' of the dam resecvoir
“t Presenl  forest resesve . _ » Restrain the hasin sediment
ZoneZ | area in dam’ calchment | 849 2.1 yield, and polluted runoff
arca others than Zenc 1, discharge 1o dam reservoir,
.| Presemt culiivation area e - | * Preserve the basin wasler
Zone3. |in the proposed dam 63 L5 storage capacily.
| catchment afea =
: Present. forest  réserve : " | '+ Preseive the water quality,
Zoned | area in non-dam catch- ] 1,142 211 bealification/ mtorphology
menl area of the river,
. | Present cultivation area ) o * Reslrain the polluted runoff
Zone3 | g critically effect river 255 6.1 discharge (0 the naturat
| waler quality and basin river flow.
runoff condition » Preserve the basin water
. . slorage capacily.
Sub-t6tal o 2,529 60.0
(Present Forest Reserve Area:) (2,211) (52.5)
(Present Cultivation Area ) { 318) " (7.5)
River Reserve . Probable flood inunda- o _ Facilifate river improvement,
and Controlled | Z°7€6 | tion area (100-year re- 57 1.4 | preserve flood Tetarding ef-
Area turn period) and  shore fect; protect river from un-
bekt of dam reservairs | desirable  activities, and
minimize damages caused
by flood and channel ero-
. } sion/ meandering
Potential Land ' Area other than those - - | Use as the polential urban,
Development | 297¢7 | pelonged o above classi- | 1,624 38.6 | indusirial and agricultural de-
Asea fications. : - | velopment land.
Grand Total 4210 | 1000
Note *1 Exclude the shore belt where the delailed zoning plan will be formulated as a part of river re-

serve area (Zone 6).

2
Rt B
*4:

T4

Composed of 155 km” for Muda dam and 85 km” for the proposed Beris dam.
Applicd solely to the catchment area of Muda dam.
Composed of 31 km?” for the proposed Beris dam and 32 ki’ for the proposed Reman dam,




TABLE .6.1.2 MONITORING ITEMS AND REQUIRED ACTIVITIES

FOR PROPOSED WATERSHED ZONING

Classified Zonc

Required Activities

Monite

iing llcmis

River Basin and Corridor

River and Dam Reservoir

Watei Source
Reseqve Arca

Zone §

Freeze - any logging
activitics

* Logging aclivities

Zone 2

Provide technical ref-
erence on the logging
activilies, - if nedes-

 sary._

Logging activities

¢ Dam inflow and oul
flow discharge

* Dam inflow and outllow
sedintent volunie _

* Water quality of dam
Teservoit :

* Fauna and flora in dam
feservoir

25{183'

Provide lechanical rel-
crence on the agsicul-
tural aclivities, if nec-
€S8arY.

Agricullural aclivities

Alienation or tempo-
rary occupation of the
land

Zone 4

Provide fechnical ref-
crenee on the logging
activities, if neces-
sary.

Logging activities

Zone 5
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¢ Fauna and flora
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TABLE 1221

ASSESSMENT MATRIX OF ENVIRONMENTAL (MPACT

FOR BERIS DAM PROJECT.

Al ; Adverse impact - minor

A2 : Adverse impact - medism / moderate

A1 Adverse impact - major / significant

Ul : Unknow due 10 insufficent data but probably minot impact (A1) of ro adverse impact

U2 Unknow due to insufficent data bul probably zdverse impact (A2 of A3)

N 1 No adverse impact

Bl : Beneficial / positive Impact - minoe

B2 : Beneficial / positive impact - major

Breakdown of Project/ Scheme )
Envirenment Activities . _ Exdstance Remarks )
Factors Site Invest. I Coistruction I 0 &M | of Steuctures
1. Social Environment
1.1 Resettlement N ut - N Al Some villages submerged
1.2 Bcoﬁomic_Aclivitics N B2 81 B2 Inctease of in-:émdjob'-
13 Trans‘péﬂélidnf?ﬁﬁlicFacilities N Al N Bl . Mo:econvcnicntﬁy the project
1.4 - Divisioh of Communities N A2 N Al _. Cué 1o resetitement
i3 Archadogicall(.‘u]mral Heritage Ul Ul U1 Ul No significant site
1.6 Vested Right ur | w ui Ul No definite right now
17 Mealth and Hygens N Al N us Generally not significant
|18 Waste Disposal AY Al Al N |ceease of waste
19 - Accident N Al N N Only during construction
2. Natural Enﬁronhenl -
2.1 ‘Topography and Geology Al [4)] "N Al Effccmolsigniﬁcanl :
2.2 - Soil Erosion Al - A2 N A2 By logging & fend clearing
23 Ground Water N N N us o
24 River and Reservoirf pond N N N Al
2.5 Coastal Zone _ N N - N Al Far to the codst
2.6 Fauna (Wildlile) N Al N Ui No valuable speices
2.7  Flora (Vegetation) N - Al N Ul Forest togging
23 Climate N N N N :
19 Landséape N - Al N B2 Beautiful walec front
3, Public Nulsanse
3.3 Air Pollution ‘N N . N N
32 Watet Pollution ‘N A2 N Ui Reservoir nutrification
X Soil Contaraination N _ Al N N
" 134 Noise and Vibration Al At N N
15 Grouad Subsidence N N N N
16 Odour N - Al N Ut
Assessment Clasification

o



TABLE 1222

ASSESSMENT MATRIX OF ENVIRONMENTAL IMPACT

FOR JENIANG TRANSFER PROJECT

a3

Al: Adverse impact - minor

A2: Adverse impact - médium f moderate

A3 Adverse impact - major / significant

Ui : Unknow duz te insufficeni data bul prébably minor impact {A£) br no adverse impact

U2 : Unknow dug to insufficent data but probably adverse impact (A2 of A7)

N :Noadverseimpact

B1; Beneficial / positive impact - minor

B2 : Bepeficial Ibosilivc impact - major

Breakdawn of Project I Scheme _
“Enviréomenl Activities - " Existance Remarks '
Faclors Site Invest, ! Cbnslmtlionl o&M _olSlrudn’t'e's
- 1. Social Environment o
11" Resétdement _N ul N A2 Some houses submerged
1.2 Economic Activities - N B2 81 Bl tncrease of incomejod
1.3 Transportation / Public Facilies | N A N Bl Moré conveniént by the projéct
1.4 Division of Communitics N Al N Al ' ‘
1.5 Archaelogical # Cubtutal Heritage Ul U1 Ui m _No significant site
1.6 Vested Right ' U Ul Ul [4}] No definité right now
17 Health and Hygene N Al N U1l |oenecany not significant
i8 WasicDispcsa! Al Al LAl N Increase of wasle -
1.9  Adcident | N AL N N Only during construction
2. Natural Environment .
2.1 Topography and Geology Al S UL N Al Effect not significant
2.2 Soil Ecoslon Al A2 N Al By logging & land clearing
2.3 Ground Waler .N N "N - : )
24 . Riverand Reservoir / pond N N N Al
2.5 Coastal Zone ) N N N Al Far tothe ¢oast -
2.6~ Fauna (Wildtife) N 1] N 1] [0 vatuable speices
27 Flora (Vegetation) - N Ul N ) Forest logging
28 Climate N N, N N _
29 Landscape N . Al N B2 Beautiful water front
3. Public Nuisanse _ '
31 AirPoliution N N - N N
3.2 Water Pollution N A2 N H Reservolr autrification
Soil Con!amination N Al N - N. ' '
3.4 = Noise and Vibration - Al Al N N
135 Ground Subsidence ‘N N~ N N
1.6 Odour ' N Al N Ui
E eal Clasificat



TABLE 1223 ASSESSMENT MATREX OF ENVIRONMENTAL IMPACT

FOR LOWER REACH RIVER IMPROVEMENT WORKS

Breakdown of Projecl {Scheme
Environment ) : Aclivities : Existance Remarks
" Factors - Sile[n\'est.[ Coﬁsimclién'l 0 &M | of Structures
1. Social Environment l . .
1.1  Resettlement : N - Ut N A2 Some houses relocated
1.2  Economic Activities 1 N : B2 . Bl . - N Increase of inc‘bmefjob'
3.5 ‘Transportation / Public Fac:_iﬁtics N N N N
1.4 Division of Communilies N AL N N
1.5 Archaclogical / Cultural Heritage w | w U1 Ul [Nosignificant site
1.6 Vested Right . < Ul LU Ut - Ut No definite right now
17 HéalhandHygene N Al N ui
1.8 Waste Disposal - Al C Al Al N
1.9 Accident N A N N
2. Natural Environment - ' -
2.1 Topography and Geology - N ul N Al
2.2 Soil Erosion : Al ~ Al N N
2.3 Ground Water : N N N - Ul
24  River and Reservoir / pond N Al N Al _
2.5 Coastal Zone N N N Bl River mouth improved
2.6 Fauna{Wildlife) N - Ut N Ul No valoable speices
2.7 Flora (Vegetation) N Al N - Ul
28 Climate N N N N
29 Landscape N Al N Bl
3. Public Nuisanse . '
33 Air Polfution N N N N
3.2 Wa!erl’ollunon N | At "N N
3.3 Soil Contamination N - Al N N
34 Noise 2nd Vibration - At | & N N
35 Ground Sﬁbsidenc& N N N N
3.6 Odout ' N Al N Ui
- Assessment Clasification

Al: Adverse impact - minor

A2 Adverse impact - medium f modeiate

A3 : Adverse impact - major / significant

U1 : Unknow due to insufficent dafa but probably minor impact (A1) of no adverse impact
U2t Unknow due to insufficent dala but probably adverse impact (A2 or A3)

N :Noadverse impact -

Bl : Beneficial f positive impact - minot

B2 : Beaeficial / positive impact « majer
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TABLE 12.2.4 ASSESSMENT MATRIX OF ENVIRONMENTAL IMPACT
FOR BERIS RESERVOIR RECREATIONAL PARK SCHEME
Bréakdown of Projéct f Scheme
Environment - Activitles Existance Remarks
Factors Site Invest, | Construction | 0 &M | of Structures
1. Social Environment _ -
L1 Reseitlement N Ul N Ul
1.2 Economic Activilies . :.N,‘ B2 Bl B2 [increase of income/job
1.3 Transportation / Public Eacilities N T Al N Bl More convenient
14 Division of Communities _ N N N N
1.5 Archaelogical / Cultural Heritage ul Ul U1 u1 No significant site
1.6 Vested Right -yl Ul ul 1 No definite right now
1.7 Health and Hygene N CAL N Ul
1.8 Waste Disposal Al © Al Al Al Depend on managemenl -
1.9 Accident N Al N N
2. Natural Environment .
2.1 Topography and Geology N - N Al
22 Soil Frosion ' Al Al N Al
23 Ground Water N N N . )]
24 River aid Resérvoir / pond N N N N
25 CoasialZone N © N N N
26 Fauna {Wildlife) N ul N Ul
37 Flora(Vegetation) N Al N Al
28 Climate N N N N ,
29 Landscape N Al N B2 . |Beautiful park
3, Public Nuisanse .
3.1  Air Pollution N N N N _
3.2 Wate Pollution N AL N A2 |brainage from park
3.3 Soil Contarnination N Al N N ' :
34 Noise and Vibration N Al ‘N N
3.5  Ground Subsidence N "N N N
3.6 Odour N Al N Ul

Al: Adverse impaci - minor

A2 : Adverse impact - medium / moderale

A3 : Adverse impact « major / significant

U1 : Unknow dus to insufficent data bl probably minor impact (A1) of no advérse impact

U2 : Unknow due Lo insufficent data bul probably adverse impact (A2 o A3)

N : Noadverse impact

B1 : Beneficial / positive impact - minor

B2 : Beneficial / positive impacl - major

1410
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TABLE 12.2.5

" ASSESSMENT MATRIX OF ENVIRONMENTAL IMPACT
FOR MUDA BARRAGE RECREATIONAL PARK SCHEME

" Breakdown of Project / Scheme
'Environment ~Activities ' Existance Renmarks
Faclors Site Invest. l ‘Construction l O'&M | of Structures
1. Soctal Envitonment '
L.l Resettlerment N vl N N ,
12 Economi¢ Activities N B2 Bi. BL tncrease of incomefjob
13 Transportation { Public Facilities N Al N Bl
1.4 Division of Communities N N N N ]
15 Archaelﬁgica'jl(':uilural Heritage N Ut N ) Existing Muda bamage
1.6 Vested Right ;o N Ul N L No definite right now
1.7 Health and Hygene N Al N Ul _
1.8 Waste Disposal - Al Al Al Al Depend ot mariagement
19 Accident ' N “Al N N '
2, Natural Environment |
2.1 Topography and Geology N, 3 I N Ul
22 Soll Eresion Al AL N N
2.3 Ground Waler N N. N Ul ‘
24 River and Reservolr / pond N Al N Al Cut off of civet
2.5 Coastal Zone N N N N .
2.6 Fauna (Wildlife) N N N N No valuable specles
2.1  Flora (Vegetation) Al N N N
28 Climate N N N N
29 Landscape N Al N B2 Beautiful park & water froat
3. Public Nuisanse _
3.1 Ait Pollution - N N N N
33  Water Pollutioon N Al N Yy
3.3 Soil Contamination N - Al N N
34 Noise and Vibfation N Al N N
3.5 Ground Subsidence N N N N
36 Odour N CAL N N
A Clasificati

Al : Adverse impact - minor

A2 Adverse impact - médivm / moderate

. A3 Adverse Impact - major / significant

U1 : Unknow due to insufficént data but probably minor impact (A1) or no adverse impacl

U2 : Unknow due to insufficent data but probably adverse impact (A2 or A3)

N : Noadverse impact
B1 : Beneficial / positive impact «
B2 : Beneficial / positive impact -

minos

major

T-11
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TABLE 12.2.6

"ASSESSMENT MATRIX OF ENVIRONMENTAL IMPACT
FOR BUMBONG LIMA RECREATIONAL PARK SCHEME

Breakdown of Project/ Scheme
Environment Activities Existarice Remarks
Faclors Site Invest. I Construction l 0 &M | of Structures

1. Sceial Environment ‘

1.1 Reseltlement N Ui - N A2 Some houses relocated
1.2 Economic Activities N B2 Bl Bl [ncrease of incomefjob
1.3 Transpodtation / Public Facilities N ‘Al N Bt
1.4 Division of Communities N N N N .
.5 Archae!ogiéal { Cultural Heritage N ul N Ul Existing Muda barrage
1.6 Vested Right . N ul N Ul No definite right now
1.7 Health and Hygene N Al N Ul
1.8 Wasle Disposal Al Al Al Al Depend on managément
19 Accident N Al N N
2. Nalural Environment
2.1 Topography and Geology N Ul N Ul
2.2 Soil Erosion Al Al N N
2.3 Ground Water N N N Ul
24  River and Reéservoir £ pond N Al N Al Cul off of river
25 Coastal Zone N N N N
2.6 Fauna (Wildlife) N N N ul No valuable species
2.7  Flota(Vegelation} N N N N
2.8 Climate N N N N
2.9 Landscape N Al N B2 Beautiful park & water front
3. Public Nuisanse _

3.1 AirPollution N N N N
3.2 Water Pollution N Al 1 N Ul
3.3 _Soil Contamination N Al N N
34 Noise and Yibration N Al N N
3.5 Ground Subsidence N N N N
3.6 Odour N Al N N

Assessment Clasification

Al Adverse impact - minor

A?: Adverse impact « medivm / moderate

Al : Adverse impact - major / significant

U1 : Unknow due to insufficent data but probably minor impg:l'(Al) or no advérse impact

U2 : Unknow due te insufficent data bul probably adverse impact (A2 or A3)

N : No adverse impact

Bl : Beneficial / positive impact - minor

B2:

Beneficial / positive impact - major

T-12

iz



FIGURES
VOLUME 1

SUMMARY






0eg mmm._m>< 2861

...............

pag mm@m>< co61 peg eBeieny v661

- S

pog 1s9MmoT ggst

LB B BB B A

” Pag1semMOT £861

pag 198M0T 1661
(W) UINO JeAlY WO souelsiq

0S

ob

0¢

0g

oL

0

\

\0

| e Lo o &
N \x%uwﬁ \&0 \eﬂ )

JONIY Bpniy

(asw) uonens|3

EIG, 2.1.1

CHANGE OF LONGITUDINAL PROFILE OF MUDA

‘RIVER

COMPREHENSIVE MANAGEMENT PLAN OF

MUDBA RIVER BASIN

JAPAN INTERNATIONAL COOPERATION AGENGY -




(2) Bridge Crossing Muda River at I:__dag_*’\?ioiéri_a

COMPREHENSIVE MANAGEMENT PLAN OF | | f1G.2.1.2

_MUDA RVERBASIN - . ... i . | PHOTOGRAPH OF BRIDGE AFFECTED BY RIVER
JAPAN INTERNATIONAL CCOPERATICH Acency - | BED SUBSIDENCE. S EERRREIA

'_F??, |




8 60

LEG.END

@ FLASH FLOQORG

EXTENSVE FUNDATION

@ TOAL FLOOONG

DATA SOURCE : 0D

gt

PR,

ST
Moy

,
7

. i
. a
e NS

~——/

AN 22 i

BALINGD .

).
|
Y
.-—’
V4
'/
\-
4
¥4
L& -
&) JLEGEND
e emr s — WAIERSHED BOLROARY -
T MANOR RGAD Hony
™ QATLVAY

< piven
O maxe sermeenr mia
W ER1ST0NG oA
T pROPUSIO OAM
WA EAISIIMG BAARAGE
PROGOSED BARRAGE
e " STATE/DESTICY BOWMDARY

COMPREHENSIVE MANAGEMENT PLAN OF

- MUDA RIVER BASIN

JAPAN INTERMATIONAL COUPERATION AGENCY

FIG.2.1.3

FLOOD PRONE AREA IN MUDA RIVER BASIN

F-3




1 B

ST AREA

LADANG VICTORIA
GAUGING STATION

e '
e v

1]
[}
[ N e &
— s
!. .
o3 \
. ,“)
-“;‘.\-'. s.z \ .qa‘ - ; .
é AN N W )
. U v -~
Sl AT
l, B Geniane 0N J
Ny i ST LGAUGING STATION 7
® MINING SITE = NS <
) i
.
!
¥/ su¥
JAM SYED OMAR
© GAUGING STATION

et

DATA SOURCE : DI and Distiet band Office Seberang Perai Gtars, Putay Piasag

w | T AT 224

LEGEND
RN R A Ry T

iy
ELIESRTILN &L FUTY
iy =1 OSTeg Daw
b - T T
Py 54T Laditad ]
[ B LR PSS
LI $TaILDat B B

gt

3 3

13

COMPREHENSIVE MANAGEMENT PLAN OF | FI1G.2.2.1

MUDA‘RIV'E_R BASIN

JAPAN INTERNATIONAL COOPERATION AGENGY

LOCATION OF SAND MINING SITES |




PERLIS

-

Bt et it 51

€345 (A

State of Kedah
. [Cul of Mida River Basin

— &4 00"
Lowes Reachas of Kechil River

1,000 1

p——— 5' 30.

Stale of P.Pinang

T PPNANG

160* 307

‘State of Perlis
THAL AND
KEOAH £ o o
f e ® - PEOU DAM
AL
§
3

016

LEGENO §

_POPUATION DENSITY IN 2019
FOPULATION BENSITY R 2009
POPLLATION DERSTY N 1351

T TP TY Y

Uppes Reaches of Muda River

S
-x
A

Upper Reachas of
Kechs River

\

[y
.

L}

Middle Reaches of
Muda River

PERAK

Lower Reaches of Moda River

Sedim River Basin

SCALE o
g 5 10 15 20 25 30km
[ S :

LEGEND 2
enm e e HTERNATIONAL SOOAAY
—————— SATE BOUMOARY

OENSITY
——= PIVER
i EXISTHG BAM

BOUNCARY OF POPULATICH

Lo EXSTIG BARANGE

MUOA RIVER BASHN

COMPREHENSIVE MANAGEMENT PLAN OF { F1G. 23,1 -

JAPAN INTEANATIONAL COOPERATION AGENGY

RIVER BASIN

POPULATION DENSITY IN AND AROUND MUDA

“E-5




00 Y

10" 0

..

oo

BRI Lo
------- VAIERSHED BOMOARY
FAXR 5340

Ll VY R ]

L arven
O rasir seriveeeng daéa
- ERISTING Dad
T reopostd pas
TR ristivt gk
(& paoroseo saemace -

| oo snaresmisTatet sducar

ckn.y

' COMPREHENSIVE MANAGEMENT PLAN OF
'MUDA RIVER BASIN

JAPASN INTERNATIONAL COOPERATION AGENGY

F1G.2.3.2

PROJECTE[?) URBAN CENTERS IN MUDA RIVER

BASIN

o LR




LEGEND

INDUSTRIAL |
DEVELOPMENT AREA

—+—-— BOUNDARY OF RIVER
RESERVED AREA
{Approxirnate Extent of

Flood Inundation for
100-year Return Period)

Atnal OF smuach

COMPREHENSIVE MANAGEMENT PLAN OF | FIG.23.3
MUDA RIVER BASIN : INDUSTRIAL DEVELOPMENT AREA IN KUALA

JAPAN INTERNATIONAL COOPERATION Acency | KETIL :

F-7



1 _o
€l ow
5 2%
Gl Ju
v . ol
W i
8] Ty
o i
- w
[~ 2"
En)
= | o=
==

FIG.2.3.4

! PADDY AREa
i:] Fozest/ scaus

COMPREHENSIVE MANAGEMENT PLAN OF

MUDA RIVER BASIN -

| PRESENT LAND USE IN MUDA RIVER BASIN -

JAPAH INTERNATIONAL COOPERATION AGENCY

E-



TR

redt 300

L

FOREST CLASSTFICATION

&Ckm, U

v VATERSHED BOUMDARY

FANR ROAD

e PATRWAY

RIvER

BAKA SEVELEHENT 23R

EXSSIING AN
PACPOSED DA

O

L -4
=7

EX13T146 BARRACE
PROPOSED BAPAAGE

It
=

e telan

SYATE/O[STAICT BLEMDAAY

s

NOW GATETTED FOREST RESERVATION APEA

£OR PRONIBITION AGAIAST LOGHING |
fill) eresent rorest area

EJ ror prOTECTION OF DAM RESERVOIR

{T] Present samLAs0 L0GE1IG

5 AREA KEWLY CLEAREO LOGGING

GAZETTED FOREST RESERVAILON AREA
£ 70r rESTRICTION OF LOCGING

®

e

15

1 -

Bt 3
i

FIG.23.5
PRESENT FOREST AREA IN MUDA RIVER BASIN

COMPREHENSIVE MANAGEMENT PLAN OF

MUDA RIVER BASIN

" JAPAN INTEANATIONAL COOPERATION AGENGY ~

.9



101° 06

— OO'

MOA MASTER STATIONI /

KEOAH O MASTER
STATION

PENANG DID
.. SO.MOMTOFIWG STATIONS

COMPREHENSIVE MANAGEMENT PLAN OF

TEGEND 1| RIONITORING STATION)
fem Existing/Proposed  Noa-telemetsy
_ Telemetry System  System
Water Level + Rainfall - 0 O
Water Level © ' ‘D
fRainfall ® o,
Water Quality _ : @D /n‘
7 ) _ : R Ry
Y ) S S
i T e i, L r 3\
’ Bas &7 | \
« 0 3 .
1
KED”‘H_ AHMNG OAM \
r> MADA MONTORNG STATIONS
L} : ' . ) I. o ‘ |‘ _ J‘.‘\ E
) LA FEOU DAM i Y e
. BAACS 3 1 {‘)\ _ ?.

3 PERAX
AL ) (> [ :
O, -‘.r\‘ 5:9 ’f‘v'}
o SE °
a0 U D WA/
& N ( AN S
{. Y. . _
% NS .,
Y LEGEND 2
! H y ° i e RTEANATIONAL BOUHDAAY
L) . N
Vot —————— SATE BOUDARY
PPNANG ! e e WATEASHED BOUHDAAY
H Rvea
[ PenANG Do MASTER ¢ T
STATION ' el T EXISTHG 0434
; oiscme o = £X5THG BARRAGE
....... Qe 00 5 1% 15 20 25 30km -
b — —

AN N

A

KEOAM D0 & BOE
MOSITORING STATIONS

MUDA RIVER BASIN

JAPAN INTEANATIONAL COOPERATION AGENGY

FIG. 24,1

PRESENT 'MONITORING ' SYSTEM OF MUDA

RIVER AND MADA IRRIGATION AREA

F-10



Wi G

8" 00!

River Discharge
V' “Station

e Target Slrelch o!
River Channel
Improvement

TRy, A
HIOA nlllll Vs
BARRAGE %“'9 2 fciony 14
Y s
T
. H - -~
5 W . ] ' \ L
Lower Muda River- | \
40.3km H 'I - \
E .\ ------- WATERSHED BOUKDRAY
4 j ——TT MAKR RORD ey
H (. Lamie T TR v
kN Rkl RivER
. r
\. " HAJOR SETTLEFENT £REA
v Y exi$HNG O
_SEAME =T pRRGHE0 DAN
K 5 10 is____am Wl EXISEENG BARRAGE
e PROPOSED BARRAGE
'woi » “esaas ™ STATE/DISTRICT SOMOARY
COMPREHENSIVE MANAGEMENT PLAN OF FIG. 3.1.1

- MUDA RIVER BASIN

JAPAN INTERNATIONAL COOPERATION AGENGY

TARGET STRETCH FOR STRUCTURAL FLOOD
MITIGATION PLAN

F-1i




	Cover
	Title Page
	LIST OF REPORTS
	CONTENTS OF SUPPORTING REPORT
	GENERAL MAP
	PREFACE
	LETTER OF TRANSMITTAL
	EXECUTIVE SUMMARY
	TABLE OF CONTENTS
	1. INTRODUCTION
	1.1 Background
	1.2 Objectives of the Study
	1.3 Study Area

	2. PRESENT CONDITION OF THE STUDY AREA
	2.1 Physical Features of Study Area
	2.1.1 Catchment Area of Muda River
	2.1.2 River Morphology
	2.1.3 Ftood Condition
	2.1.4 Water Quality of River
	2.1.5 Fauna and Flora

	2.2 River Use Condition
	2.2.1 River Structures
	2.2.2 Water Supply
	2.2.3 Navigation
	2.2.4 Sand Mining Operations

	2.3 Ongoing Basin Development Condition
	2.3.1 Population and Urban Area
	2.3.2 Gross Domestic Product
	2.3.3 Industrial Area
	2.3.4 Agricultural Land
	2.3.5 Forest Reserve

	2.4 Present River Management Framework
	2.4.1 River Management and Monitoring System
	2.4.2 Institutional Setup for River Management


	3. FLOOD MITIGATION PLAN
	3.1 Structural Plan
	3.1.1 Design Level
	3.1.2 Target River Stretch and Design Discharge
	3.1.3 Menu of Structural Measures
	3.1.4 Preliminary Design

	3.2 Non-Structural Plan

	4. WATER RESOURCES MANAGEMENT PLAN
	4.1 Projection of Water Demand
	4.2 Necessary Water Resources Development Facilities
	4.3 Optimum Dam Operation Rule

	5. RIVER ENVIRONMENTAL MANAGEMENT PLAN
	5.1 River Maintenance Flow
	5.2 River Corridor Management Plan
	5.2.1 Extent of Zoning Plan
	5.2.2 Zoning Plan in Each Block

	5.3 Management Plan for Sand Mining Operations
	5.3.1 Environmental Impact Assessment and Monitoring Work
	5.3.2 Gradual Reduction in Riversand Mining
	5.3.3 Alternative Source for Construction Sand


	6. WATERSHED MANAGEMENT AND MONITORING PLAN
	6.1 Zoning Plan for Water Source Reserve Area
	6.2 Objectives of Watershed Mangement and Monitoring
	6.3 Proposed Hydrological Monitoring Network
	6.3.1 Reference Point
	6.3.2 Rainfall Gauging Network
	6.3.3 River Gauging Network
	6.3.4 Necessity of Nationwide River Information System


	7. INSTITUTIONAL SETUP FOR RIVER MANAGEMENT
	8. CONSTRUCTION PLAN
	8.1 Implementation Schedule
	8.2 Project Cost

	9. PROJECT EVALUATION
	9.1 Economic Evaluation
	9.2 Environmental Impact Assessment

	TABLES VOLUME 1 SUMMARY
	FIGURES VOLUME 1 SUMMARY

