


ANNEX A.7.1 ENVIRONMENTAL QUALITY ACT 1974
ENVIRONMENTAL QUALITY (PRESCRIBED ACTIVITIES)
(ENVIRONMENTAL IMPACT ASSESSMENT) ORDER 1987

Tn exercise of the powers conferred by scction 34A of the Environmental Quality Act 1974, the

Minister, after consultation with the Environmental Quality Council, makes the following order:

1. This Order may be cited as the Environmental Quality (Prescribed Activities)

(Environmental Impact Assessment) Order 1987 and shall come into force on the 1st
April 1988.
2. The activities specified in the Schedule are prescribed to be prescribed activities.
SCHEDULE

1. AGRICULTURE _
(a) Land development schemes covering an area of 500 hectares or more to bring
forest land into agricultural production.
(b) Agricultural programmes necessitating the resettlement of 100 families or more.
(©) Development of agricultural estates covering an area of 500 hectares of more

involving changes in type of agricuitural use.

2. AIRPORT
(2) Construction of airports (having an airstrip of 2,500 meters or longer).

(b) Airstrip development in state and national parks.

3. DRAINAGE AND IRRIGATION
(a)  Construction of dams and man-made lakes and artificial enlargement of lakes
with surface areas of 200 hectares or more
(b)  Drainage of wetland, wildlife habitat or virgin forest covering an area of 100
hectares or more
(¢)  Imrigation schemes covering an area of 5,000 hectares or more

4. LAND RECLAMATION
Coastal reclamation involving an area of 30 hectares or more.

5. EISHERIES
(@) - Construction of fishing harbors.



(b)

- (b)

@

Harbor expansion ‘involving an increase of 50 percent or more in fish landing
capacity per annum, - ‘

(¢)  Land based aquaculture projects accompanied by clearing of mangrove swamp
forests covering an area of 50 hectares or more.
FORESTRY
(a)  Conversion of hill forest land to other land use covering an area of 50 hectares
 or more. ' ' ' '
(b)  Logging or conversion of forest land to other land vse with the catchment arca of
reservoirs used for municipal water supply, irrigation or hydro power generation
or in areas adjacent to state and national parks and national marine parks.
(c) Logging covering an area of 500 hectares or more.
(d)  Conversion of mangrove swamps ‘for industrial, housing or agriculturél use
_ covering an area of 30 hectares of more.
()  Clearing of mangrove swamps on islands adjacent to national marine parks.
HOUSING _
- Housing development covering an area of 50 hectares or more.
INDUSTRY
“(a). - Chemical : Where the production capacxty of each product or of combined
products is greater than 100 tonnes/day.
Petrochemicals : All sizes
{c) Non-ferrous : Primary smelting : Aluminium - All sizes, Copper.- All sizes,
Others : Prodl;i_cing-SO tonnes/day and above of product.
(d) Non mctallic_ : Cement - for clinker throughput of 30 tonnes/hour and above.
Lime : 100 tonnes/day and above burnt lime rotary kiln or 50 tonnes/day and -
above vertical kiln. ' ' _ o .
() Tron and steel : Require iron ore as raw materials for production greater than
100 tonnes/day. Or Using scraf) jiron as‘r_aw materials for production grcater
than 200 tonnes/day. S P
(D' Shipyards . Dead weight tonnage greater than 5000 tonnes
() Pulp and p'aper mdustry - Production capac1ty.greatcr than 50 tonncs/day.
INFRASTRUCTURE
Construction of hospitals with outfall into bcachfronts used for rccreatlonal
purposes. _ -
(b)' Industrial estate dcvclopment for medium or hcavy mdusmcs covcrmg an area

of 50 hcctares or more



10.

11.

12,

13.

14,

() Construction of expressways.
(d)  Construction of national highways.
(e) Construction of new townships.

PORTS

(a) Construction of ports.

(b)  Port expansion involving an increase of 50% or more in handling capacity per
annum. '

MINING _
(a)  Mining of minerals in new areas where the mining lease covers a total area in
- excess of 250 hectares.
(b) QOre processing mcludlng concentratmg for aluminium, copper, gold or
tantalum.
(c) Sand dredging involving an area of 50 hectares or more.

PETROLEUM ‘
(a) - Oil and gas fields development

(b} Construction of off-shore and on-shore pipelines in excess of 50 kilometers in

length. _ : .

(c) Construction _of oil and gas separation, processing, handling, and storage
failities. o -

(d) Constmctlon of oil refineries. .

(e Construction of product depots for the storage of petrol, gas or d1esel
(excludmg service stations) which are located within 3 kilometers or any
commercial, industrial or residential areas and which have a combined storage
capac1ty of 60,000 barrels or more. '

POWER GENERATION AND TRANSMISSION

Dams and hydroelectric power schemes with either or both of the following :

(@) = Dams over 15 meters h1gh and anc111ary structures covenng a total area in excess

of 40 metcrs

(b)  Reservoirs with a surface area in excess of 400 hectares.

QUARRIE‘.S

B Proposed quarrymg of aggregate limestone; silica, quartzite, sandstone, marble and
. coopcratwe building stone within 3 kilometers of any ex1stmg residential, commercial,
- or mdustrlal or any arca for which a license permit or approval has been gtanted for

R remdenual comnerc1a1 or mdustnal development



I5.

6.

17.

18.

19.

RAILWAYS
(a) Construction of new routes
{b)  Construction of branch lines

TRANSPORTATION.
Construction of Mass Rapid Transport projects

RESORT AND RECREATIONAL DEVELOPMENT
(a) Construction of coastal resort facilities or hotels with more than 80 rooms.
(b)  Hill station resort or hote_l development covering an area of 50 hectares or more
{c) Development of tourist or recreational facilities in national parks;' -
(d) Development of tourist or recreational facilities on islands in surrounding waters
which are gazettéd as national marine parks.

WASTE TREATMENT AND DISPOSAL
{a) Toxic and Hazardous Waste
(i) Construction of incineration plant -
(ii) Construction of recovery plant (Off-site)
(iii) Construction of wastewater treatment plant (Off-site)
(iv) Construction of secure and landfill facility -
(v) -Construction of storage fac111ty(0ff 51te)
B Mummpal Solid Waste
(i) - Construction of incineration plant
- (i) - Construction of composting plant-.
(i) -Construction of recovery rebycling plant -
{iv) Constructlon of i mcmeratlon plant
(v) Construction of mun1c1pal solid waste landﬁ]l delli[y
(c) - Municipal Sewage _
(i) Construction of wastewater treatment plant
(ii)' - Construction of marine outfall.

Water Supply -

- Construction of dams or impounding reservoirs covering an area of 200ha or

more.

(i) Groundwater development for mdustnal agncultural or urban water supply of
greater than 4,500 cubic meters per day



TABLE A.7.2 STATUS OF RIVER WATER QUALITY IN TERMS OF
RIVER WATER QUALITY INDEX, 1991

STATE WOR River Name - WO Status
PERLIS 1{Perlis 70 S.Polluted
KEDAH 31Kedah 76 S.Polluted
4Merbok 63 S.Polluted
5|Muda 30 S.Polluted
6J{Turu 54 V.Politted
6P|Prai 70 S.Polluted
TiJejawi 61 S.Polluted
8 Kerian 74 S.Poliuted
PERAK 9iKurau 85 Clean
104Sepetang 87 Clean
11{Bruas 77 S.Poiluted
12|Raja Hitam 79 S.Polluted
{3jPerak 79 S.Polluted
14{Bernam - 15  S.Polluted
SELANGOR 15| Tengi 62 - S.Polluted
- 16|Selangor 80 S.Polluted
: 17iBuloh - 59 V.Polluted
FEDERAL TERRITORY (KL) 18|Kelang 56 V.Polluted
: 19{Langat CO8; S.Polluted
SELANGOR 20(Sepang 52 - V.Polluted
NEGERI SEMBILAN 21{Linggi 66 S.Polluted
MELAKA 22|Melaka - 62 S.Polluted -
23|{Duyong - 53 V.Polluted
: ~ 24|Kesang 75 'S.Polluted
JOHOR 25{Muar 15 S.Polluted
206|Batu Pahat 73 S.Polluted
27AlAir Balot 61 S.Polluted
278|Benut 70|  S.Polluted
28 A iPontian Kechil 61 S.Polluted
28B{Pontian Besar 79 S.Polluted
~ 28C|Skudai 72 S.Polluted
28D Tebrau 77 S.Polluted
29}Johor 73 S.Polluted
30A|Sedili Besar 82 Clean
30B|Sedili Kechil 31 Clean
: 31|Mersing 81 Clean
PAHANG 32|Endau 73§ S Polluted
: 33{Rompin 90 Clean
34|Bebar’ 73 S.Polluted
35|Pahang 85 Clean
36|Kuantan - 37 Clean
: 37|Balok 69 S.Polluted
TERENGGANU 38;Kemaman 80 S.Polluted
36| Chukai 83 Clean
40|Paka 81 Clean
47|Dungun 88 Clean
42|1bai _ 50 V.Polluted
43| Terengganu 86 Clean
44)Setiu 86 Clean
: 46| Besut T 8. Polluted
KELANTAN- 47{Kéemasin 74 S.Polluted
" 48{Kelantan - 78| S.Polluted
49iGolok E

S.Polluted

WQR Water Quahty chlon WQI - Water Quallty Index
-Source : Enwronmental Quallty chort 1991 :




TABLE A.7.3 PROPOSED INTERIM NATIONAL WATER QUALITY STANDARDS FOR MALAYSIA

' ' o CLASSES :

Parameters Unit 1 1A 11B 111# V. v
BOD : mg/l ! 3 3 6 12 12
COD ' mg/l 10 25 23 50 100 | 100
Dissolved Oxygen mg/l 7 5-7 - 5-7 3-5 3 1
pH o . 6.5-75]16590] 6590 59 5-9 -
Color TUC 15 150 150 - - -
Electrical Conductivity mmhos/cm | 1000 1000 - - 6000 -
Salinity % 0.5 1 - - 2 -
Total Dissolved Solids mg/l © 500 1000 (- - - 4000 -
Total Suspended Solids mg/l 25 50 50 150 300 300
Ammoniacal Nitrogen mg/l © 0.1 03- |03 0.9 2.7 2.7
Turbidity : : NTU 5 50 -5 | - T -
Faecal Coliform - Counts/100mi| 10 100. 400 5000 | 5000
Total Coliform -~ . Counts/100ml] 100 5000 5000 5000 5000 5000

Source : Environmental Quality Report, 1991

ClassI : Conservation of natural environment Water Supply 1
practicaily no treatment is necessary.
. Fishery 1 - Very sensitive aquatic species
Class II : Water Supply II - Conventional treatment required
Fishery II- sensitive aquatic species
Class IIB : Recreational use with body contact . _
Class 1IT: Water Supply III - extensive treatment required.
Fishery III - common, of economic value, and tolerant species
Class IV : Irrigation - : :
Class 'V : None of the above



TABLEA74

MAIJOR ENVIRONMENTAL PROBLEMS OF THE SHORT LISTED PROJECTS

MAJOR ENVIRONMENTAL

_|KUALA LANGAT.

coD | -NO NAME OF PROJECT DISTRICT ___PROBLEM
PR 1 {SIMPANG GETI - WATER QUALITY, IE
PR 7 [PANGGAS SMALL DAM PROJECT - WATER QUALITY, IE
PR 4 ITASEK MELATI - WATER QUALITY, WE
#R 5 |PAYA KELUBI MANGO PROJIECT - NO
PR 6 |HUTAN LEMBAH MANGO PROJECT - “IND
R 7 [TASEK-MELATH] - NO ,
KH T [AMPANGAN PDG SAGA. LANGKAWI WATER QUAL[’IY
KH 4 [KAWASAN PADI KEDAWANG EANGKAWI NO
{KH 5 |KEDAWANG __~ LANGKAWI NG
KH 6 |P LIBALT BERKELOMPOK KUBANG PASU NO
KH 13 }KG PDG GELANGGANG . |PDG TERAP NO
Kii 14 |SKIMJANING PDG TERAF NO
KH i5 |LUBUK MERBAU PDG TERAP NO o
IXH 16 {SEKIM TANDOP BESAR PDG TERAP NO
KH i9 |KURONG HITAM IRRIGATION SCREME, IPDG TERAP INo -
KH 31 |KUBUR PANJANG PENDANG FLOODING
KH 32 [KGKAYU TIGA PENDANG DRAUGHT
KH 34 [KG-SAWAKECIK PENDANG DRAUGHT
KH 35 [BKPERAK PENDANG DRAUGHT
KH 40 |SG AIR JERNIH KUALA MUDA NO
KH 41 {SG BARU : KUALA MUDA NO
KH 43 IBENDANG DALAM . KUALA MUDA NO
KH 48 |[KG BETONG - P DURIAN KELOMPOK SIK - ND
KH 49. |KG KUBANG YOI -~ §IK NO
KH 50 |KG SELAMAT - P SAYUR + BUAHAN 51K NO
PP "L |LUAR BAN FINANG TUNGGAL SPERAIUTARA . |FLOODING
PP 2 SPERATUTARA NG
pp 3 |[TOK BEDU TRRIGATION AREA S PERA] UTARA WATER QUALITY, FE
PR 4 [KG-TOK-BEDU, AIR-MELINTAS, PMTG-BEHS PERAL UTARA ~ * |WATER QUALTFY FR
PP 3 {PINANG TUNGOAL IRRIGATION AREA (PL4S PERAL UTARA NG
PP 6 |SG JARAK IRRIGATION AREA S PERALUTARA WATER QUALITY, FE
BB 7 |BICICH ALEANG SPERAIUTARA NG
PP 8 |SG-BURUNG BARATDAYA WATER- QUALFFY FE
PP 9 |5G BURUNG BARAT DAYA WATER QUALITY, FLOODING
PP 10 IMAKSULONG "|SPERATTENGAH  INO
PP i1 {SG KULIM IRRIGATION SCHEMH SPERAITENGAH _ |WATER QUALITY, FE
PP 12_|SKIM PENGAIRAN SG KULIM § PERAI TENGAH _ |NO
PP 13 [SKIM PENGAIRAN TASE.K SELATAN S PERAI SELATAN _ING
PK T[RGTASEK. HULU PERAK SOIL EROSION,LC
PK 2 [PUSAT PERT TANAH TINGGI BK BARING |HULU FERAK SOIL EROSION.LCLG
PK 3 |INDUSTRI BUAH-BUAHAM SELAMA NO :
PK 4 |BENDANG TEMELONG HULU PERAK ~ [SOIL EROSION.LC
PK 5 1P KELOMPOK BUAH-BUAHAN - [ARUT MATANG - [NO
BK 6 | KELOMPOK BUAH-BUAHAN/SAYURAN |LARUT MATANG NO
PK ~7 |SENOUK CHANGKAT NING LCARUTMATANG __|NO
PK, % |P KELOMPOK BUAT-BUAHAN AIR PUTIH |LARUT MATANG __IWATER QUALITY IE
PK 9 IBENDANG JENALIK KUALA KANGSAR _|SOIL ERGSION,LC,LG
PK 10 [BENDANG KG LANEH KUALA KANGSAR__|SOIL EROSION,LC
K- 1 |RANGTFALIAIR-BENDANG SENGGANG KUALA-KANGSAR _ [SOIL-ERGSIONLE
BK 12 |RANC TALIAIR-BENDANG-EEMPOR KUALA-KANGSAR _ |SOILEROSION,LG -
PE 13 [RANC TALIAIR PDG RENGAS KUALA KANGSAR {WATER QUALITY, SE
PK 15 |DENDANG A MANJUNG - -
PK 16 |DENDANG B MANJUNG - _
PK.- 17 [BRUAS & TAMBAHAN MANIUNG : .
PK 19 |KG LACAT-BATUT [HIEIR-FERAK FLOGDING
PK 70 |SG BATANG PDG MATI HILIR PERAK NO_
PK_-_| 21 [SGMANIKIRRIG SCHEME HILIR PERAK. NO
5G i {TEBUK BERIHUN SABAK BERNAM |-
5G 3 |SGJANG i HULU SELANGOR - |NO
SG 4 IBKTAMU ..~ 7 HULU SELANGOR . _[NO
SG_- "5 |KG KALONG TENGAH HULU SELANGOR__ |NO
5G 6 [P SAYURAN SG YU KUALA SELANGOR NO
56 8 |KUANG - ‘ -IGOMBAK NO_
3G REKREASI 5G CHONGKAK HULU LANGAT NO
5G T30 |KG KANTAN .. "o — [AULULANGAT .~ |- - s
5G IVIKGPASIR . - HULU LANGAT WATER QUALITY, MN
SG 12 [MINANG KABAU. HULU LANGAT WATER SHORTAGE
8G-. 13 [ILN-ENAM KAKI | : HULULANGAT .__ |- -
SG 14 {SAPAN BT MINANGKABAU. AULULANGAT ~ __INO 7"~
56 15-|SGJAI BK KEPONG = HULU LANGAT-__ JFLOODING -
50 16 |[MARDI RESEARCH STATION KELANG NO -
8G. 18 |[TAMAN PERT MALAYSIA - : PETALING NO .
SG- 24 [P KELOMPOK SAYURAN KG ENDAH NG




TABLE A.7.4 MAJOR ENVIRONMENTAL PROBLEMS OF THE SHORT LISTED PROJECTS

MAJOR ENVIRONMENTAL

cOD NAME OF PROIECT _ DISTRICT PROBLEM
SG 25 [P KELOMPOK KONTAN KG KUNDANG _ JKUALA LANGAT __ |NO - __
NS | T ISTESEN MARDI JELEBY N L
NS 2 |BUAH-BUAHAN LANIUT MANIS KUALA PILAH NO -
NS 17|SRI MENANTI KUALA PILAIL "1SOI1. EROSION, 1.G
NS 4 |PEMBANGUNAN SAWAH KG.LONDAH _|GEMAS NO
NS 5 IREMBAU “'|REMBAU N
NS 6 |KELOMPOK KG CHENGKAU ULU REMBAU __|nO
NS 7 |KG BK TEMBOK & 5G RAYA PORT DICKSON -~ |WATER QUALITY
NS % [P TERNAKAN UDANG GALAH KUALA PILAH NO -
Ma 2 [ULU SG BULOH - " |ALOR GAJAH ) NO :
MA 11 18G UDANOG MFELAKA TENOGAL [WATER QUALITY, DE
MA 14 [KANODANOG MEI:AXA TENOGAH |WATER QUALITY, SA
MA IS |[SOLOKBKMETA MELAKA TENOGAH |WATER QUALITY, BW
MA 16 IFELCRA BK SEDANGAND JASIND ~ WATER QUALITY, SE
IR 3 |SAWAH KEBUN BARU MUAR NO
R 8 |LDG KELOMPOK KG SRI TIMOR KLUANG NG
IR 9 |LDG KELOMPOK BT SAMBULAN, YONG P}BATU PAHAT NO
R 10 ILDG KELOMPOK KANGKAR MERLIMAU IBATU PAHAT NO
R 17 |TUNIOK LAUT AKOTA TINGGI NO
R 14 |$G CHEMARAN KOTA TINGGI NO
KN "1 JUBAKAR PANTAI TUMPAT NO
4 |KG BELIAN TOMEAT NO
5 |LUBOK SELEHONG TUMPAT NO
4 |BENDANG IELUTONG, Korg_;_A_NAs KOTA BHARU -~ " [RIVER EROSION, FLOODING -
.. 9 |BENDANG BT TINGGL, BK CHINA__—  {KOTA BHARU __ [RIVER EROSION, FLOODING _
" t0 |BENDANG SOKOR, BK CHINA™ ) i ) 0L
11 |KUBANG TEBAKANG A IWATER QUALI I'Y Y
: 12 |BENDANG - TASEK-BERANGAN PASIR-MAS ™ NG
KN 13 {TASIK PUTERA . PASIR MAS WATER QUALITY
KN 16 |BENDANG PMTG SUNKAI PASIR PUTEH NO
KN 24 |RANC TALIAIR HILIR SAT | MACHANG NO -
KN 26 [RANC PENGAIRAN TERASIL "~ [TANAH MERAH NO )
KN 27 |RANC PANGAIRAN GUAL IPOH TANAH MERAH NG
KN .35 |RANC TALIAIR LEPAN AGOR KUALA KRAI NO
TR T |TELABAK IRRIGATION SCHEME BESUT SOIL FROS!ON LG
TR 3 |SKIM TANAMAN PADI MARAS KUALATRG NO B
TR 4 [P KELOMPOK SAYURAN KUALATRG TINO
TR SALIRAN TOK JIRING KUALA TRG NO
TR "7 [P KELOMPOK SAYURAN _ |KUALA TRG NO
TR 14 {P KELOMPOK SAYURAN KUALATRG NO
TR 20 |3KIM TANAM PADI DURIAN HAJ MARANG
TR 94 |P KELOMPOK SAYURAN MARANG NO R
TR 28 jP KELOMPOK SAYURAN MARANG NO - T
TR 34 {LEMBAH MARANG II MARANG -
TR 3% [P KELOMPOK, SAYURAN MARANG NO-
TR 43 IP KELOMPOK SAYURAN HULUTRG ° NO
TR 44 1P KELOMPOK SAYURAN _|HULUTRG NG
TR . 45 |F KELOMPOK SAYURAN HULUTRG . NO
TR 30 |KOLAM ABANG DUNGUN NO
PH O |PAYA PAGAR SASAK LIPIS WATER QUAI ITY, $E
PH 11 |P.WAU,BETONG & GEMAYAI MARAN NO
PH iZ |PAYAJELUTUNG MARAN _ |WATER UGGGING, FLOODING
PH 13 |PAYA NYAK BESAR “IMARAN |WATER LOGGING, FLOODING
PH 14 |PAYA TING & DESAR RERTAU™ TIMARAN WATER LOGGING, FLOODING
PH 16 |PAYA NYAK KECIL MARAN — |WATER LOGGING, FLOODING
PH 17 IPAYA PDG TENGGALA MARAN -|WATER LOGGING, FLOODING
PH "9 |PAYA SG LING ' MARAN WATERLOGGING -
PH 20 |PAYA LANTING MARAN _|WATER LOGGING, FLOODING, WQ '
PH 23 IPAYA PESAGH MARAN WATER LOGG{NG FLOODING SE | -
PH 24 {PAYA KROT MARAN NG - 1.
PH 25 {PAYA LDG AMARAN WATERL OGGING
Notc © Data wuh Imcs drawn 4CCross md:catcs thc short listed pro;ccts droppcd by the states

DE - Domestic Efflueat, IE - Industrial {‘fﬂuent FE I‘arm Effluent, SA - Salinity, BW Brack1sh Waler
SE - Sediments, WE- Weeds, GE - Gencral LG Log_t,mg, LC- Land (,leanng




TABLE A.7.5 LIST OF DID MONITOR!NG STATIONS FOR WATER QUALITY AND SUSPENDED SEDIMENT

State Water Quality Station Suspended Sediment Station
PS ]SS River Name/ Station Naine PS [ 55 1 River Name/ Siation Name
Perlis 4 | Sg. Jemeh ar Titi Tampang
Sg. Tasoh at Titi Baru
Sp. Arau at Ldg. Tebu Feldu
Sk Perlarit at Wang Mu
Kedah | Sg. Muda at Jam. Syed Omar 1 Sg. Muda at Jam. Syed Omar
Pualau Pinang 0 0
Perak - 5 I Sg. Kinta at Weir G. Tg. Tualang 5 9 Sg. Kinta at Weir G, Tg, Tualang
Sg. Perak at Jam. Iskandar Sg. Perak at Jam. Iskandar
Sg. Plus at Kg. Lintang Sg. Plus at Kg. Lintang
Sg. Kurau ot Pondok Tanjung Sg. Kurau at Pondok Tanjung
. 8p. Krian at Selama Sg. Krian at Selama
Sg. 8fim at Slim River Sp. Slim ar Slim River
Sg. Sungkai at Sungkai | Sg. Sungkai at Sungkai
Sg. Bidor at Malayan Bider Bivd. Sp. Bidor at Malayan Bidor Bhd.
Sg. Btg. Padang at Tg. Keramat Sp. Big. Padang at Tg. Keramat
Se. Cenderiang at Bt. 32 Jin. Tapah Sg. Cenderiang at Bt: 32 Jin. Tapah
Sg. Kampar at Kg. Lanjut Sg. Raia ot Keramat Pulai
Sp. Raia af Keramet Pulai Sg. Pari at Jn. Silibin Ipoh
Sg. Pari as Hn. Silibin Ipok Sg. Kurgu at Bt. 14 Hn. Taiping
Sg. Kurau at B, 14 Jin. Taiping Sg. Rui at Jam. JIn. Raya
8g. ljiok at Titi fjok
. 8g. Rui at Jam. Jin, Ruya
Selangor 3 3 Sg. Luiat Kg. Lui 4 | 4 | Sg.Langatat Dengkit
Sg. Selangor at Rantau Panjang Sg. Luiat Kg. Lui
$g. Bernam at Jam. SKC Sg. Selangor at Rantau Panjang
Sg. Langat at Kg. Sg. Rincing Sg. Bemnam at Jam. SKC
Sg. Selangor af Rasa . Sg. Langat at Kp. 8. Rincing
Sg. Bernam at Tanjong Malim 8. Semenyifial Kg. Sg. Rincing
Sy. Selangor at Rasa
Sg. Bernam uf Tanjong Malim
Wilayah 5 o Sg. Klang at Jam. Sulaiman 5 0 Sg. Klang at Jam. Sulaiman
Persekutan Sg. Kembak at Jn. Tun Razak Sg. Kombak at JIn. Tun Razak
‘Sg. Batu at Sentul Sg: Baw at Sentul
Sg. Klang at Lrg. Kwan Seng Sg. Klang at Lrg. Kwan Seng
Sg. Anak Keroh at Taman Kepong Sg. Anak Keroh at Taman Kepong
Negeri Sembilan 2 N Sg. Muar at Bt. 57 lin. Gemas- Rompin 3 [4] Sg. Linggi at Jam. Jin. Persekutan
Sg. Kepis at Jam. Koyu Lama Sg. Muar at Bt. 57 Jn. Gemas- Rompin
Sg. Linggi at Jam. Jin. Persekutan Sg. Kepis at Jam. Kayu Lama
melaka 1 I - §g. Melaka af Pantai Belimbing 1 I | sg. Melaka at Pantai Belimbing
: Sg. Kesang at Chin Chin Sg. Kesang a1 Chin Chin
Johor 5 5 Sg. Parit Madirono at Weir 4 3 $g. Parit Madirono af Weir
Sg. Johor at Rantaw Panjang $g. Johor at Rantau Panjang
Sg. Sembrong at Kuala Sg. Tamok Sg. Sembrong at Kuala Sg. Tamok
Sg. Muar at Buleh Kasap Sg. Muar at Buloh Kasap
- Sg. Endau at Kuats Jemakah Sg. Linggui cit Ran. Tanah Jengli
Sg. Linggui at Ran. Tanah Jengli Sg. Bekok at B1. 77 Jin. Yong Peng/Labis
. Sg.Sayong af Jam. Johor Tenggard Sg. Lenggor at Bt. 42, Kualang/Mersing
Sg. Bekok at Bt 77 Jin. Yong Peng/Labis :
" Sg. Lenggor at Bi. 42, Kualang/Mersing
Sg. Segamai at Segamat
Kelantan 4 4 Sg. Lebir nt Kg. Tualang 4 [ 5 Sg. Galas at Dabong
' $g. Kelantan at Jam. Guillemard . Sg. Kelantan at Jam. Guillemard
. 8g. Golok a1 Kg. Jenob "§g. Golok at Kg. Jenob
- $g. Nenggiri at Jam. Berlam Sg. Golok at Rantau Panjang
$g. Golok at Rantau Panjang Sg. Nenggiri at Jam. Bertam
Sg. Pergau at Batu Lembu Su. Lebirat Kg. Tualang
Sg. Lanas at Air Lancas Sg. Pergaw at Baju Lembu
8g. Galas 0t Dabong Sg. Sokor at Kg. Tegawdn
. . L Sg. Lanas at Air Lanas




TABLE A7.5 LISTOF DID MONITORING STATIONS FOR WATER QUALITY AND SUSPENDED SEDIMENT

State Waler Quality Station Suspended Sediment Station
PS ]SS River Name/ Station Namne PS |85 River Name/ Station Mame .
Terenggany 4 {0 | Sg CherlatBanHo 510 Sg. Cherul at Ban Ho
Sg. Kemaman at Rantau Panjang Sg- Kemaman at Rantau Panjang
Sg. Dangun at Jam. Jeram Kenyir Sg. Dangun at Jam. Jeram Kenyir
&g. Chalok at Jam. Jalok Sg. Chalok at Jam. Jalok
Pzhang 3] 3 Sg. Rompin at Jam. Kuvantan/Segamat 1i |11 | Sg Rompinat Jam. Kuanton/Segamat
Sg. Bera at Stn. Huian Kemayan Sg. Bera at Stn. Hutan Kemayan
Sg. Triang at Jam. Keretapi Sg. Triang at Jam. Keretapi
Sg. Pahang at Temerloh Sg. Pahang at Temerloh’
Sg. Jengka at Jam. Kg. Awah Sg. Pahang at Lubok Paku
Sg. Pahang at Lubok Paku Sg. Kuantan at Bukit Kenau
Sg. Kuantan at Bukit Kenau Sg. Lipis ot Benla
- Sg. Lipis at Benta Sg. Pahang at Sg. Yap
Sg. Pahang at Sg. Yap Sg. Jelai at Jeram Bungor
Sg: Jelai at Jeram Bungor Sg. Tembeling at Kg. Merting
Sg. Tembeling at Kg. Merting -8g. Keratong at Jam. Bahau Keratong
$g. Tekam at Lembangan Ujian A Sir. Serting at Jam. Padang Gudang
Sg. Tekam at Lembangan Ujian B Sy. Tendglir at Jum. Jin Raya
Sg. Tekam at Lembangan Ujizn C Sg. Keshar at Jam. Lama
Sg. Mentiga at Jam. Cini Sg. Berus at Hutan Lipur Lentang
Sg. Lepar at Juin. Gelugur Sg. Mentiga at Jam. Cini
Sy. Tembeling at Kg. Merting Sg. Bentong at Jam. Kualy Marong
Sg. Jenghka at Jam. Kg. Awah
Se. Lepar at Jam. Gelugur
Sg. Jelai at Kuala Medang
S5g. Kechau ut Kg. Dusun
Tolal 43 1 28 43 1 37 ) :

P.S - Principal Station

8.5 - Secondary Srérion




{ ! L 1AR I _3.__:_.5 JIRHE] _EJ_.“:_w_m bt (o] apgmaqusi 1M
pedin] Aoy E_.J_.-Eu_n", __c__uﬁv_; SLEIERI B SEET O [RUTR )4 (I3 VY DONTWLIC
Patyauapt USaq Fry LoaR(os RSP & 1PIGM 05 .unh:.: [EITALUCUTA U 2REkA P 102 UETE 2. 1

15 U TSI « €

o - —uimE_sL ]

[

T Joop Jee] 0 ¥ A ot TL To € T
DI I R O CTT 9 0 £ e zl g i3 £ 195y RIS (e ol (R0
w_jo i [r Teot 4 T LA I _m gl [ Fl i1 4 RPN SOTCRINE SERUC
Pz {o v fr Ty 2 3 g 4 v (A VT e |z o |t B Lipenurwoy () ud ]
. TYANLIND ANY JEIHLSIY 01
010 Bn vl e (4 £l o [ y LE [ F] i G TSI (1A}
[ L) A5 T bl g Al Cl [ I rall b1 L g % % 43 91 [1 I3 SEALKI[ UonETd A}
[YIE [ T =0T A SLIE [ mm 9 L4 4 £ln [ 3 i < JuaaAg JEUtoad] (Al
G T T 73 Z1 FLIE [0 9 [ I3 T ¢1 tAN ¥ |5t 7 te T I JC A8 A UL STIRAY g
T o Jo_ 1w 21 v e M (3 (A I 1 [t Lln T8 2 10 v } Townoy (1
t s o (e z1 S e T [e 9 i4 (L | [ B & EMED c 1 waulodwz (1
JHNONODT g TVIJOS '§
IR T Tl H £l 9 E S 1 ¥ i S SIARG (A1)
[ 2 ]t s £l 9 [ S [ ) i 1 Ll S 3R joseaqing (41
ol Tl 3 ] 9 2 5 N d_.m z 5t H s (1
o 10 1 g] £l o I3 [ (3 B 3] 3 DofegeonATd @
ALIFYS ONY HITWIH 8
NYWNH 1
o0 i Ml ¢l Nl 9 ¥ I A 4] il $ SANGY
oo |t 12 4| 5f t zl 9 v 1 ¥ I [ i & | SOnIGEID) SULEIN LRSS SNEnDy
0 [1] ] T R sl { 21 9 L Ly (A3 [ LI S n_u_auzo_._,bi.ﬁﬁau.wdﬂag
VIR I IO A H §1 ! Al 9 ¥ s £l T LU g - [ o) (ELISAUL
T | CO [ 4 39 zl ¢l £l 9 ¥ & LI [T 0 3 VIERRE [ELIEND]
SELLINNWOD MY ﬁ.(hn{: L
I I G T ot yt < 8 tr c L1 1t B L1 s
R P T C e 0T . 3 B v ¢ iz_i61 T lo1lg 1 5. Ll 5 t
b Jr ¢ [nc Tt H [ ¢ B2 B Z {51 1 il i i £ £101J S WITENDY
LI [ - 1] $1 Pl s £l 2 ¥ < T 151 M W_ Lt ¢ FUMEY LS | Y0
0 LT hi s ¢ £1 9 1) v 19 R - Ll c ETTa0
o [¢ ¢ ledt B 1 T 9 v < [ES z lot Lt 3 OO IaA wUsHR
SNOLLY NGO ONY _ﬂnuwnw v
TVHOOTOHE T
wb T (VI I T FA) $1 £l 9 ¥ £ il 1 £l Ll 5 g ()
c 0 [0 0 il ol 1 £l . kd v & L1 £4 k3 ay- $ BonAiad AION 0]
| -ISION F
o _In g |bIf Tl (1] £l ¥ 1A I3 il Zt [ i < . SIIN() - (1
i 0 ¢ T 80t el Sl 4 T Ed v 13 [ [ S 1N H L 1 uoninjiod ot ouny -
) e m.zHEmOE( ..
9, Q. (o2 LA 1 1 £l 9 k4 '3 Ll 1 . FAS <
o ¢ [z lao0 gt $L 1 9 ¥ H H gL AT LT £
o1 r | 0L 21 {143 (4 i1 9 z [ Z 7L Zt L3 £l 3
4 o |t |51 |36 i H t4 11 9 v [r i T |$1 G [T 3 LT 3
MH(«}QZDOKU...
0 U] _b b4 LIl 3 gt & ¥l (2 < ¢ i} 1§ Ll g . !Ms (tta)
€ 1 jz & ot FAS1L 1) £4 1L [ 5 (2 T t (4 FEI 91 |1 ¥ ) Bensncg ur adeyy (W)
vi_1p {y L (3R !6 € € Igrie It i s ¥ |1 i v i [0 LT i uoneg deomig . {a) -
¥ i g L {6 F. 3 Sl Z |10 9 4 [ Ld 4] £ 1 L (4 ik Ll .:._.:.O.DHB A1) _
i L i 6 186 1T i |+man. gl 1) id [0 i:d L 1A ] £ 16 1 I ¢ 14 g7 r voneRmgst I0g (M) :
i e et lew 10 e 1l FlRAGRE [ 9 2 ¢ [ A CD [0 i L z ST < — _Bupoary. G )
i ot | 1] z! $1 T 11} 9 ¥ Tgr € ¥l [B18 § Ll 13 | PO PRy, [
. 1 . mm._.Ss TOvAAS T
t] oLt 5 ] 9 14 s 1Al gl & A I3 HIGY (A
€ 15 [0 i 4 it 1 A3 4 [ 4 s (4 ]] £ I3 3 .:::.B.:Sn_ NEAGUID (AL
i ¢ e |2 Wil i3 k4 it 9. 4 i L |9t zl [ [ UORTUES [0S - (S
o L 1s {sot g £t 9 [ T r z st T B Ll e < Usi0Eg s (i
2 o |y r {001 T i DENIaN 9 14 N Ll € |6 g |l 1 &L H (UONBINITIP Jo T D .
I anpowyyostuery - () |
T ANV
. TOONTHOOMSAN 1
¥ £ 1z ]t wlrlelclijolrielzltigletelzit]|ofe iR |tin]ricdo LIC)Y ARBINREENRERAIRDNDEAE AT AR TR sizlilo] . . . -
HOHOL <AFE[§W AVYIE VNI YOV Hvdd . SIad SININOIWOD TY.LNINHNOWANT
SLITI0NS 4O FTHRAN . -

XRLLYW INAWSSISSY ANYNIWITIE THL NO QISYE VISAYTVH WY TASHING NUSALYLS THL HOd INTWIOTIATT Eo_zxmmﬂ.n TIVING BO4 SLOYLWI ..nc.._-é.mzo.n;.zm 40 AHVYHIWNS 9 h( u.._"n<h )






e L ANNEX 11_'
METEOROLOGY AND HYDROLOGY




e g

o




ANNEX 11
METEOROLOGY AND HYDROLOGY

TABLEOF CONTENTS =~ Page
1 INTRODUCTION ...ocoiiiiiiiiiiiiiiiiie i EOUTURORROS k- 1
2 IDENTIFICATION AND SELECTION OF THE PROJECTS .....ocooeviniincnts - i
2.1 Meteo-Hydrological Conditions in Peninsular Malaysia ........................ - 1
2.2 Constraints for the'DeVelopment ................................... SR oo - 4
2.3 TIdentification and Screening of the Potential Sites .......ccooeolvviiiionnies - 4
2.4 Categorization of the Project Sites ...............c...ooooo e II- 5
2.5 Selection of the. Project Sites.............. SPCHENRIR S - 8
3 FEASIBILITY STUDY OF THE PILOT PROJECTS ............ B PP =9
3.1 Present Condition of the Project ATEas ... ....c.iveeirieioissiveereneesenenes II- 9
3.1.1 PRi A4 'Slmpang Geti, Tasik Melati, Perlis ...... e PR § OO

3.1.2 KH4,5 Kawasan Padl Kedawan, Langkawi, Kedah....' .......... SRR (S 5 I
3.1.3 MAI6 Bukit Sedanan, Melaka......... LSRN CTUPRUR 1-12
3.1.4 JRIO  Kelompok Kangkar Merlimau, JOhO ...t I-13

3.1.5 TR44  Pasir Nering, Terengganu..............i' ...... e v I1-14

3.2 Hydrological Analysis .............. DTURIE PO SUUTIR FEUTTTROTPT CI-1S
3.2.1 DataUsed ....... T PO PO PPPTPPRPS I-15
3.2.2 Field Observations .............cccocvviiniriimmeenes II-16
0323 Water AVailability ..........o.ooiovi e S 1116
324 FI0Od v e reerereraearanens 1-19
325 SEdIMENt. ©ooooiiievsiieennis e e 11-20
3.2.6 DisCussions .................. e L eereeeiies s 1-22



Table il.
Tabie I1.
Table 11.
Table 1L
Table II.
Table II.
Table II.

Table II.

Table I1.
Table 11.10

Table I1. 11

~1 o B W R e

8

G

Table II. 12
Table 1. 13

Table 11,14

Table 1115
Table II. 16
Table I1. 17

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

I
IL.
IL.
IL
Il
11,
1L
1.

I R Y N T N

LIST OF TABLES

SUMMARY OFMETEOROLOGICAL FEATURES ...................
MONTHLY POLYGON RAINFALL AND SEASONS ................

80 % RELIABLE MONTHLY RAINFALL BY POLYGON ........... '

MEAN MONTHLY RAINFALL BY RIVER BASIN ...................
80 % RELIABLE MONTHLY RAINFALL BY RIVER BASIN ...

‘WATER AVAILABILITY EVALUATION ......ocoooovviiioieeen e

CATEGORIZATION AND SELECTION OF PROJECTS FROM
HYDROLOGICAL VIEWPOINT

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

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

PARAMETERS AND CONDITIONS OF CALCULATION
FOR WRP12

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

| BASINWISE MEAN ANNUAL MINIMUM FLOW.

ESTIMATED BY HP12

P e R R R I e

barhasaat et tid et e e e e a0

ESTIMATED FLOODS BY HYDROLOGICAL PROCEDURES
SUMMARY OF SEDIMENT LOAD OBSERVATIONS

LIST OF FIGURES .

Principal Meteorological Stations e, ST S
Thiessen Polygons

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

River Basins for Water Availability Evaluation

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

'General Flow Diagram, Perlis .............ooooo il
Mean Monthly R'ainfal_l infaround the Project Area .......................
The Runoff Model and a Sample Result in WRP No.12
The Modified Runoff Model .

Sedimentation Rates ..

F-1



LIST OF ATTACHMENTS -

Annex [la Iwai Method

B






1. INTRODUCTION

The main context of this small reservoir de_ve'lopment study is the water resources
development, of which necessity is closely related with difficulties of water management
and/or water shortage at the boundaries of irrigated areas or isolated small areas without proper
irrigation facilities.

Hydrological conditions were identified, i.e. short-listed agricultural areas were
investigated and categorizéd in order to select pilot projects for the small reservoir
development, and to carry out the feasibility study. :

During the Phase I study which was commenced in August 1993 and finished in March
1994, including two field study periods, 1) identification, ii) categorization, and iii) selection
of the pilot projects for the feasibility study were done. :

During the Phase I1 study from May to December 1994, the feas:bﬂtty study of the five
selected sites, namely, i) Simpang Geti and Tasik Melati in Perlis, ii) Kedawan in Langkawi,
Kedah, iii) Bukit Sedanan in Melaka, iv) Kelompok Kangkar Merlimau in Johor, and -
v) Pasir Nermg in Terengganu were carried out. :

In Chapter 2 of this Annex II under "Meteorology and Hydrology" hydrologtoal -
~ conditions of -the whole Peninsular Malaysia are described, and the procedures of
~ identification, categorization and selection of the projects are expléined. Hydrological analyses
. were done base'd on the 37 Thiessen polygons aiming at categorizing and. selecting pilot
' pro;ect.s In Chapter 3, detailed hydrological analyses on i) water avaxlabthty, ii) flood and

iii) sediment transport were done for the selected five projects. :

- The guideline for hydrological evaluation was formulated based on the river basms
consisting of 41 basins and 27 sub- basins, The polygon ramfali was transposed to those -
basins and the basm—_wtse_wator availability was evaluated using water balance models.

2. IDENTIFICATION AND SELECTION OF THE PROJECTS |
2.1 Meteo-Hydrological Conditions in Peninsular Malaysia

(1)  Climate and seasons in Peninsular Malaysia . _ .
The characteristics of the climate of Malaysia are uniform temperature, high hum1d1ty
and ample rainfall, which arise mainly. from the maritime exposure of the country.

_ Though the wind over the country is generally light and variable, there are, however,
'some un1form perlodtc changes in the wind flow patterns. Based on these changes, four
seasons are dtstmgutshed namely, the southwest monsoon northeast monsoon and two
shorter inter-monsoon seasons. h '



The southwest monsoon is usually established in the later half of May or early June and -
ends in September, The prevailing wind flow is generally southwesterly and light. _

The northeast monsoon usually commences in éarly November and ends in March.
During this season, steady easterly or northeasterly winds prevail. The more severely affected
areas are the east coast states. S

(2)  Meteorological features of Peninsular Malaysia
Temperature - ' .

Being an equatorial country, Malaysia has uniform temperature through c_)ut' the year.
The annual variation is less than 2 “C except for the east coast areas which are often affected
by cold surges originating from Siberia during the northeast monscon. Even there, the annual

variation is below 3 °C, Mean yearly temperature (1991) ranges from 25°C to 32 °C
dependmg on the location.

Relative humidity - : :

The mean monthly relative humidity falls within 70 % to 90 %, varying from place to
place and from month to month. It is observed that the minimum relative humidity is normally
found in the months of January and February except for the east coast states of Kelantan and
Terengganu which have the minimum in March. The maximum is however generally found in
the month of November. '

- Sunshine _ _

Being a maritime country close to the equator, Malaysia naturally has abundant
sunshine and thus solar radiation. However, it is’ extremely rare to have a full day with
completely clear sky even in periods of severe drought. The cloud cover cuts off a substantlal '

amount of sunshine and thus solar radiation. On average, Malaysm recelves about 6 hours of
sunshine per day '

Evaporation _ _ _ : -
Among all the factors affecting the rate of evaporation cloudiness and temperature are

the most important factors which are inter-related. A cloudy day has less sunshme and thus . -

less solar radiation, which gives iower temperature. S
An examination of- evaporatmn data shows that the cloudy or ramy months are the
months with lower evaporation rates while the dry months are the months with hxgher rates, In’ -
1991, mean daily.evapoi'atio_n in Penirisﬁlar:Me'laysi'a ranged from the lowest of 2.6 mm pei' '
~ day (Senai) in November to the highest of 6.5 mm per day {Gajah Mati) in February, - For
highland areas such as Cameron Highlands where the'air temperature is subst_ahtial_ly Iewer,i the
~ evaporation rate is proportionally lower too. While lowland ‘areas. have annual .éverag_e
evaporation rates of 4105 mm per day, Cameron Highlands has a r‘at_e of 2,5 mm per day..; -

m2



Mélaysian Meteorological Services (MMS) has 21 principal stations over the Peninsula
(Fig. I1.1) recording air pressure, temperature, relative humidity, cloud cover, rainfall, wind,
- sunshine hours and evaporation. The summary of data recorded is shown in Table IL.1.

(3)  Rainfall
The seasonal variation of rainfall in Peninsular Malaysia is of three main types.
i) Over the east coast districts, November, December and January-are the months with
maximum rainfall, while June and July are the driest months in most districts.
i)  Over the rest of the Peninsula with the exception of the southwest coastal area, the
monthly rainfall pattern shows two periods of maximum rainfall separated by two
~ periods of minimum rainfall, ‘The primary maximum generally oceurs in October -
November while the secondary maximum generally occurs in April - May. Over the
northwestern region, the primary minimum occurs in January - February with the
secondary minimum in June -July while elsewhere the primary minimum occurs in
- June- July with the secondary minimum in February.
iil) The rainfall pattern over the southwest coastal area is much affected by early morning
"Sumatras” from May to August, with the result that the double maxima and minima
-patterns are no longer discernible. October and November are the months ‘with the
maximum ramfall and February is the month with the minimum rainfall. The March -
April - May maxxmum_ and the June - July minimum are absent or indistinct.

In this study, the Peninsula was primarily divided into 37 Thiessen poiyg(ms for
categorization on hydrology (Fig. I12). Mean monthly polygon rainfall is shown in.
Table I1.2 with seasons, names of stations and durations of observations, Based on long-term
rainfall records, the 80 % reliable rainfall which is generally used for the irrigation planning
was estimated on monthly and yearly basis. .Iwai method (see Annex Ila) was used for this
analysis. Table I1.3 shows the estimated rehable rainfalls and rainy/dry seasons based on the
- estimated refiable rainfall.- The yearly total of reliable monthly rainfalls shows the least in
Kuala Klawang (Polygon 16) and the most in Taipin (Polygon 8). Perlis and south western
parts of the Peninsula, i. e., western Selangor, Negeri Sembilan, Melaka, northwest Johor and
- inland of Pahang, receive less reliable rainfall. o
These polygon ramfalls were also transposed to river basins WhiCh were established by
~ "National Water Resources Study Malaysia (JICA. 1982)":. The basins consist of 41 basins and
' .-27-s'ub_-.basihs1'as shown m Fig. 11.3. The basin-wise mean monthly rainf_ail and 80 % reliable.
 monthly rainfall were summarized in Table I1.4 and Table IL5. |



2.2 Constraints for the Development

From the viewpoint of hydrological circumstances for an irrigation project, it can be
said that Malaysia has a lot of advantages. Particularly in rainfall, annual rainfall exceeds.
2,000 mm except in Perlis, Melaka, part of Negeri Sembilan and Pahang. The total
precipitation is considered to be mostly sufficient for 1rr1gatmg the main crop, paddy, and
upland crops in the second season. o

'~ Major irrigation development projects have been implemented as "Granary Areas"
andfor "Mini (Sécondary) Grah_ary Areas”, of which paddy rice production has already met the
target of self-sufficient rate stated in "The National Agricultural Pblicy-(l992-_2010) "L,

" However, on the other hand, ir_rigat_ioﬁ development for high-value upland crops such
as vegetables and orchards has fallen behind. 'In general, the holding sizes of these upland
areas are small. Ta'k'in'g into consideration the labor shortage which has been pointed out to be
one of the most serious constraints for agriculture in Malaysia, 1mprovement for a modernized, -
in other words, mechanized irrigation system is indispensable, However, it is rather difficult
to use the existing paddy irrigation system for the intensive upland crop cultivation, which
requires minute watér management. The high-value upland crops are moatly'cultivated on
commercial or private basis, and irrigation facilities have also been provided by their own
efforts, resulting in difficulties in .coordination' a’nd control of water use,” viz., water
management. o

Different from the inundating irrigation for paddy, upland crops are mostly 1rr1gated by
linear (furrow) or pin-point irrigation ‘methods (drip, micro spray, etc.), resulting in their lower
unit irrig;ation réquirements. However, a proper water management, namely, a right-on-time
operation of irrigation facilities for an equal and due water supply, is very difficult to be
achieved in practice.

In these points of vxew development of mdependent small irrigation systems with own
water sources, namely small reservoirs,. is considered to take a great part in further
1mpr0vement of irrigated agriculture in Malaysm '

2.3 Identification and Screening of the Potential Sites -

 For identifying potential sites for the small reservoir 'development,-Ques_tionnail_reil was
prepared to clarify general features of the areas. Regarding hydrology, water shortage.
condition was confirmed in this questionnaire. - Based on the collected answers, nearly 140
potential sites were short listed out of 266 sites. '

Footnotes _ _
“I/ 85 % of the demand. Published by the Ministry of Agriculture, 1993

4 o



Questionnaire II-B, "Meteorology and Hydrology", were prepared and delivered for
those short-listed sites to get further information on meteorology and hydrology. The
questions consisted of: i) meteo—hydrologicél observations, ii) related rivers and their
conditions, iii) recent droughts émd floods, iv) seasons, and v) rainfall and surface water
resources. Several questions related to hydrological conditions such as water shortage,
proposed cropping area, catchment area, etc., were included in other sections of the
Questionnaire I[I. The answers were compiled into a database for: i) categorization and
selection of projects for the feasibility study, and ii) providing basic information on each area.

The database was formed by using Lotus 123, and ali the data are available in output formats
(tables).

2.4 Categorization of the Project Sites

(1) - Hydrological evaluation _ .
Based on the abo've-mentioned information, hydrological conditions were evaluated.
Factors selected and procedures dopted in the evaluation are explained in the following.

a.__Depth of ramfall _
In terms of the potent1a1 of reg10na1 water resources thhout spemflc locations of
| pro;ects (catchment areas), water availability can be expressed by depth of rainfall. The

depth of available surface water is determined by quantity of rainfall, evaporation and
~ deep percolat_ion into the ground. Out of these, the most dominant factor for the water
* availability is rainfall which varies substantially depending on location and season.
~ Thus, the rainfall distribution was evaluated in terms of yearly total of monthly reliable

rainfall and its variance in a year. The evaluation was done based on the Thiessen

polygons {Fig. I1.2). 'The procedures of evaluation are described in the following.

) Yearly total of monthly rainfall with 80 % reliability -

A quantitative evaluation of rainfall was done by estimating monthly rainfall with
80 % reliability which is generally used for an irrigation planning. The reliable
rainfall was 'c‘alc'i.tlated'by Iwai method*? for 37 polygon rainfall by month. The

" rainfall records were provided by DID and their recordmg periods are mng

”'enough . ' :

= Accordmg to the estimated yearly total of monthly rehable rainfall, scores (Re}
'frorn 1 (10west) to'5 (highest) were asmgned for each basin (37 basms) The
cntenon was as follows '

* Footnotes —
2. See Avexlla.

ns



Range
“iess than 1000 mm
1000 to 1200 mm
1200 10 1490 mm
1400 to 1600 mm
more than 1600 mm

O o o=
[zl

i) Standard deviation of monthly rainfalls :
The standard deviation exp}ams the variance of data. The lower the value is, the
smaller the variance is. The standard deviation of monthly rainfalls through outa
year also shows their variation during the year. ‘
According' to the standard deviation, scores (Rd) from 1 (lowes_t) to 5 (highest)
were determined for each basin (37 polygons). The criterion was as follows:

Score (Rd) Range of Standard Deviation
1 more than 89
2 65 to 80
3 50 to 65
4 . 351050
5 less than 35

Based on the scores Re and Rd, an integrated evaluation was done.

Considering crop cultivation, the uniformity of water distribution through out the year

or seasons should be prior to the absolute quantlty of available water. In this meaning,
- some weight was gwen to the quantltatxve score (Re), After some trials for the weight,

scores on hydrological condition (lowest 1to h1ghest 10) were determmed by usmg the
following the formula.

Total Score = (3 x Re + Rd) / 2

The scores are shown in Table I1.6.

b._Run-off to the proposed reservoirs .

According to the rain-depth evaluation by polygon, volumetric water avallablhty was
evaluated based on certain catchment areas, Even though a prOJect is located in a
preferable hydrolog:cal conditions with abundant and consistent rainfall, it mlght not
get enough water in case that an xmbalance in catchment-and irrigation area exists,
Con51de1 ing this, _water balance of the esumated run-off and the water demand was
examined for each project. : : :
The run-off to the proposed reservoir was estimated by multxplymg 1) depth of rehable
rainfall to the catchmem 11) catchment area, and m) run-off coeffwlent



(2) - Categorization of project sites

The purposes of the categorization of projects are: i) to clarify potential of a project for
small reservoir development, ii) to select pilot projects for the feasibility study, and iii) to
understand the parameters to be analysed, and selection and evaluation procedures for
candidate projects.

Following factors were examined for the categorization of the short-listed projects.

i) Water shortage
ii) General hydrological condition (polygon wise rainfall depth)
iii) Estimated run-off
iv) Estimated gross irrigation requxrement
v) Proposed area

Water shortage :

Water shortage sﬁuat;on was investigated by the quesnonnalre survey. The seriousness
of the water shortage was evaluated subj ecnvely by owners of the projects indicating by
scores of 1 (no water shortage) to 5 (the severest ). This factor was used for the
screemng of projects for short listing. The projects with score of 3 or more were
categorized as the "projects which require water source development" In Table I1.7,
these projects have "O" in the column of "Water shortage”, while others have "X |

b._ General hydrological condition ‘
According to the score for the depth of reliable rainfall in a certain polygon, the projects
were categorized. The projects with higher scores are considered to have preferable
hydrological conditions. In this study, the projects with the score of less than 7 were
categorized as the "projects with more necessity for water source development”. In
Table 117, these projects have "O" in the column of "General hydrological condition®,
while others have "X".

¢ Water avgﬂgb lity
The scale of a. water source development is determined by the quantity of avatlabie
' water from the source and the proposed irrigation area, However at the initial stage of
plarmmg when dimensions of a reservoir are not f1xed it is difficult to estimate the
m'xgable area by a detailed water balance study

As a sirr';_pi_ifie‘d__ measure, the run-off to the reservoir was compared with the gross.
irrigation requirement which was. estimated using some assumptions; i} crop water
requirement, if) mgatxon efflc1ency, and iii) ef‘fectwe rainfall. Tt should be noted that
these assumptnons were made not for the des1gn or planning but for categorxzanon only



The annual crop water requirement was assumed at 1500 mm based on the average
evapo-transpiration rate in Subang (1200 mm/year) estimated in "Estimating Potential
Evaporation Using the Penman Procedure, Hydrological Procédure No. 17, DID " and
the mean annual crop coefficient of 1.2. Irrigation efficiency was assumed at 70 %
considering a small irrigation area. Effective rainfall was assumed at 60 % of the
reliable rainfall. The available surface water was assumed at 70 % (defined as "run-off
coefficient") of the reliable rainfall. |

Example : PR1, Simpang Geti (Perlis)

Catchmentarea :3km2 *3
Proposed area : : 70 ha
Net water requirement : 1500 mm :
Yearly total reliable rainfall : 922 mm (Polygon 1, Table I1.3)
Rstimated runeoff = 3km? x 922 mm x 0.70 (run-off coefficient
' _ = 194 ham * o
© Gross water requirement = (1500 mm - 922 mm x 0, 6) x 70 ha / 0:70

=947ham < 194ham [OK]

If the estimated run-off was bigger than the gross irrigation water requirement, "O"
was given in the column of the "water availability". Detailed water balance study was done for

the pilot projects with 0pt1m1zat10n studies of proposed reservoirs (Annex III "Imgatlon and
Dramage") ' '

2.5 .Se_lectio'n of the Projé'ct Sites

According to the above-mentioned three factors (hydrological condition, wate'r_
shortage, water availability) and size of the proposed area, recommendable projects for further
study were selected, The range of the prbposed area selected is 30 ha to 400 ha,

- If a project had four "Q"s, it was automancally selected. If some special conditions are
found for the project, it was also seiected with some "X"s. The special conditions cons1dered
were: island, a good example of each type of reservoir, priority by States, and the govemment
policy. These conditions were all discussed with DID and other related agenc:es )

Footnotes

*3/  This "catchment * Is regarded as the residual catchmem of which surface water is avaltable for this pro;ect araa
*/ - "ham (hectare mater) is a unit of volume which is equwaient o 10,000 Ctblc meter.




3. FEASIBILITY STUDY OF THE PILOT PROJECTS
3.1 Present Condition of the Project Areas

3.1.1 PR1,4 - Simpang Geti, Tasik Melati, Perlis

(1)  Climafeand rainfall .

' The project areas are situated in one of the driest areas in the Pemnsula Many of water
resource difficulties in this area are brought by this dry condition. The Malaysian
Meteorological Services (MMS) operates one principal station in Perlis, i.e. Chuping (station
number, 48604), of which average climatic variables (1975 - 1992} are shown in Table IL8.

In Perlis, the main season starts in August and ends in November. Nearly 50 % of the
annual rainfall is observed during this season while a distinct dry period is observed from
January to February*S, Mean annual rainfall at Bukit Temiang, which is the nearest DID
rainfall station of Tasik Melah is 1,817 mm, while that of Ngolang for Simpang Geti is
1,613 mm.*

Mean number of rainy days in the neighboring area is about 140 days per year*?. In
the driest moniths, i.e. January and February, mean number of rainy days are only two (2) or.
three (3).. They expenenced 3.6 dry periods on average (without rainfall for more than 10
days) in a year. The mean maximum dry period was 39 days and the mean duration of dry .

' penods was 22 days :

(2)  Catchment charactenstlcs _
- The catchment area of Lake Tasik Melati is about 6 km2 which is mostly developed

having flat or slightly undulating topography. Swamps are formed on the upstream of the lake
without any major incoming flow, The swampy area seems to work as a buffer against floods.
The soil cover in the catchment area consists of various types of soils developed over Sub-
‘Recent to Older Alluvium overlying weathered shale saprolite. '

| -The catchment area of the Ngolang headworks for the Sg. Repoh scheme (272 ha) is
- 55 km?2, of which the upstream part is covered by a broad sugarcane plantation area. The net
area currently under sugarcane is 8,502 ha of which the northern part (4,453 ha) is operated
by Perlis Plantatlon Berhad (PPB) while the southern part- (4,049 ha) is operated by FELDA.
~The remammg part of the catchment is also developed and has-a flat or undulatmg topography

(3} Water sources and water use (Fig. IL.4)

- The water of Lake Tasik Melati is used not only for tourist activities but also for -
imgatlon Alor Baroh scheme 232 ha) operated by DID has two mtake gate% at Tasik Melati
Footnotes — ' = o '
. "5/ . Based on long-term (1967 - 1990)ralmal1reoordsatDIDstatlon6502010 BktTernlang -

5/ Mean value for 1983 o 1990. :
“71  Abl Kg. Bahu(DlDNDBSOiOOOﬁ) 1976-1990




itseff with a head canal capacity of 110 I/sec.*® Bukit Tau scheme which is also being -
operated by DID has a pump house {(designed capacity, Q=133 l/sec)* at a near-by pond next
to Tasik Melati. This pond is not connected directly to Tasik Melati, but their catchments and
groundwater tables seem to be interconnected. The pump can be driven only for one hour or
less because of the quick draw-down of the water table, which recovers in one day.

Simpang Geti scheme (105 ha) was designed to receive water from one of the main .
canals of Sg. Repoh scheme (R2) via two lines of'canals (T1, T2) of which total capacity is
360 i/sec. The R2 canal starts from Ngolang headworks on the Sg. Ngolang receiving water at -
a rate of 580 I/sec from the Timah Tasoh dam through a link canal*1 of Block C*!1 just
downstream of the intake. Simpang Geti scheme has two water sources, namely, Timah Tasoh
dam and Sg. Ngolang river, However, the most serious problem in water sources of Simpang
Geti is that the project area is located on the downmost reach of command areas of both the link
canal and Sg. Ngolang. It is very easy to guess that Simpang Geti, even after completion of
the link canal, will suffer from water shortage during dry periods without proper wat_ef
management, _

The largest water users in the Ngdlang river catchment are considered to be the
sugarcane plantation of PPB and FELDA. According to the previous estimation*12, the gross’
irrigation water require'ment_ for the sugarcane in that area is 168 mm from December to April,
which is app'roximately 1.5 times the estimated run-off (114 mm for the same period) from the
Sg. Ngolang catchment (refer to sub- section 3.2.6 (1) "Water availability", p22) They also
have 265 ponds in the area for the purpose of irrigation, and others with a total storage capacity
of 2.8 million cubic meter (MCM)*13, - : S

Several paddy cultivation areas are located in-between the PPB/FEI DA area and the

Ngolang headworks. They have simple intake structures for irrigation, but DID is not

responsﬂ)le for water supply except Bendang Chuping, which was one of the flve new
schemes of DID under IADP along with Simpang Geti; :

Two river gauge stations are being operated by DID in the catchment of 'Ngoiang
Headworks, viz. Sg. Jernih at Titi Tampang (catchment area is 24 km2) and Sg. Buloh at
Kampung Batu Tangkup (catchment area is 16 km2). The flow during dry season in
Sg. Jernih is low but stable because it originates from springs in a lime stone area. On the
other hand, Sg. _Buloh' which is situated on the downstream of the PPB/FELDA area br_ings _
very little discharge during dry perlods unless it receives intensive rainfall on the ups'!re_am.

Footnotes :
"8/ The actual canal capacity is 410 Vsec which Inciudes the dta; d of 300 I.'sec The |rri ian duty is 110 llsec
*9/  Obtained from drawings provided by DID Perlis.. . noge duy gat UYY

*10/ Under construction (to be completed at the end of 1994/95 fiscal year)

*11/ Refer to Benghe! Kedah Pengendalian Skim-Skim Yang Mendapat Bekala.n Air Danpada Empangan T:mah Ta.soh prepared by
Ir. Sabii bin Hassan, DID Perlis.

*12/ "Perlis Integrated Area Development Project”, Main Report 1983 _
*13 ’Penggunaan Kolam Takungan dan Sumber Air Bumi Untuk Kolam Serta Bekalan Air Urttuk Domes‘nk dan lndus‘tn d Felda
Chuping", Information from FELDA Chupm 1o DID (BiL. (67)3130.' 4 2-1(3) dated 13th March 1993) i
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3.1.2 KH4,5 Kawasan Padi, Kedawan, Langkawi, Kedah
(1) Climate and rainfall .

-Seasons in Langkawi island is dominated by the south-west and north-east monsoons.
The former influences weather conditions from April to November when 92 %*!4 of annual
rainfall occurs causing marked wet seasons. During the latter monsoon, winds tend to dry out
passing over the Central Mountain Range and only low rainfall occurs. The annual rainfail
amounts to nearly 2,600 mm. :

Mean number of rainy days is about 130 days per year. In the driest months, i.e.
January and February, mean mumber of rainy days are only two (2) or three (3). They
experieniced 4.4 dry periods on average (without rainfall for more than 10 days) in a year. The
mean maximum dry period was 41 days and the mean duration of dry period was 22 days. _

The island experiences a tropical climate with relatively low variations in temperature
~ and humidity throughout the year. The Malaysmn Meteorological Services (MMS) operates
one principal station in Langkawi, i.e. Pulau Langkaw1 International Airport (station number,
48600), of which average climatic variables (1988 - 1992) are shown in Table IL8.

(2)  Catchiment characteristics
 In Langkawi, steep hilly areas are under forest cover but lower slopes have been
planted with rubber trees.- Lowland areas are used for paddy cultivation. There are no stream
flow measurement stations in Langkawi hence no data are available on run-off characteristics
except for the results of isolated spot gaugings. However, as most streams have small
~ catchment areas and fall rapidly from the mountains to the sea, their flows tend to cease during
the periods of dry weather, S ' :
~ The catchment area for the proposed Bukxt Lembu dam is 3.5 km2 of which the lower
half is paddy fields and the upper area is covered by forests with mountainous topography.
The run-off up to the flat lowland is rapid, but the floods do not concentrate into certain
streams The paddy fields seem o provide a flood control storage in the area.
. The proposed upstream Bukit Lembu reservoir has a catchment area of 0.4 km2 at the
“dam site of which the lower catchment_ is being developed for orchards, while the remamder is
covered by forests in mountainous: topography. The slope of the catchment is steep, which
causes rapid run-off through two small sireams.- ' :
~ The catchment area.of the proposed Ketapang dam is 0.6 km?, consisting of simitar
' topography and vegetétioh' CO\_rer to that of the upstream Bukit Lembu dam.

(3)"5- “Water source and water usé _ | P :
' No ma;or stream/nver ex1sts in any of the catchments of the proposed dam sites.

Overland flow through paddy flelds will be coliected and stored in the proposed Bukit Lembu

Footnotes
o™ Based on DID ra:rrlal reoords at U!u Melaka (63971 12) mom‘riymean ralnlall from 1963to 1990
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reservoir, while two streams which are considered to be temporary or seasonal are the sources -
for the upstream Bukit Lembu reservoir, and a stream called Sg. Ketapang is the main source:
for the Ketapang reservoir, The water from the catchments is being used mostly for rainfed
paddy cultivation, No major water use for non- agricultural purpose was conflrmed |

3.1.3 MA16  Bukit Sedanan FELCRA, Jasin, Melaka
(1) Climate and rainfall |

Melaka state is known as one of the driest states in Peninsular Malaysia, where annual
rainfall is no more than 2,000-mm. The mean temperature is quite stable through out the year.
Monthly average temperature is 26 to 27 °C, while the average maximum and minimum
temperature's are ranged between 30 to 34 °C and 22 to 24 °C, respectively. Relative humidity
fluctuates in a day from 52 to 100 %. The rainfall péttem in this area shows two periods of
maximum rainfall sandwiched by periods of minimum rainfall. - In general, the primary '
maximum occurs in October - November while the secondary maximum occurs in April - May,

On the other hand, the primary minimum occurs in January - February with the
~secondary minimum in June - July. ‘The mean annual rainfall at the nearest DID rainfall -
station™15 is 1729 mm with the maximum monthly rainfall of 212 mm in November, and the
minimum of 90 mm in February. Mean numbers of rainy days is less than 100 days per
year*16, ‘In the driest months, i.e. January and February, mean numbers of rainy days is only
five (5) which is less than half of that in November (10.9 days) They experienced 5. 5 dry
periods on average (w1thout rainfall for more than 10 days) in a year. The mean maximum dry
period-is 29.7 days and the mean duration of dry periods is 17.4 days. _ ; |

The Malaysian Meteorological Services (MMS) operates a principal station in Melaka,

i.e: Melaka Airport (station number, 48665), of which average climatic variables (1968 1992).
are shown in Table IL.8. x : : :

(2)  Catchment characteristics . S
The catchment areas of the 'considered reservoirs has been mdstiy developed for rubber
trees and their inter-crops, such as cocoa, pasture, durian, etc. Most of the catchments are'hilly' .
- with swamps situated in between, Since the soil cover of the catchments has sandy textures,
~the flood sediment load is considered higher, particularly during the developfhen_t stage..

{3)  Water source and water use . - .

The main stream infaround the project area s thie Ayer Mentangor and its tt_'ibutar_ies.'
The primarily proposed reservoir site is located on the Ayer Mentangor itself with a catchment:
area of 2.35 km2; while the secondary candidate site is-situated on a tributary with a catchment

Footnotes - : : '
*15/ Bulit Senggeh, Jasin (OID No.2324032), 1953 <1990

" *18/ Melaka Alrport (DID No.2222020), 19531990
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of 0.47 km? which is still bigger than that of the existing pond in the area. The water of these
two streams is not being used in the project area. Some paddy areas were confirmed on the
downstream of the Ayer Mentangor, but farmers have mostly abandoned cultivation because of
shortage of water and labor. Only a small-scale vegetable farm (1 ha) is being operated under
MIADP on the downstream of the érea.

3.1.4 JRI6 Kelompok Kangkar Merllmau, DOA, Batu Pahat, Johor
(1) Climate and rainfall .

“The nearest principal meteorological station operated by MMS is located in Kluang
(station number, 48672). According to the records available from 1974 to 1988, the mean
temperatures are 24 - 26 °C, while the maximum and the minimum are 29 - 33 °C and 22 -
24 °C, respectively. Mean relative humidity varies from 55 to 100 %. The rainfall
distribution in a year (Fig. I1.5) shows a similar pattern to Bukit Sedanan, Melaka, but the
amount of rainfall infaround this area is more, 2,347 mm per year, *17

Mean rain days in the project area is 140 days per year.*!8 In the driest months, i..
January and February, mean number of rainy days are nine (9) per month. Comparing with
the maximum number of rainy days of 15 days in November, the stablhty of rainfall through
out the year in this area could be expected. They expenence_d 2.6 dry periods on average -
(without rainfall for mor_e' than 10 days)in a year. The mean maximum dry period was 20:4
days and the mean duration of dry periods was 16.0 days.

(2) - Catchment charactensncs

Parit Kangkar Merlimau, an artificial dram is running through the pro;ect area
receiving consistent flows from near-by springs. A notable characteristic of this catchment is
its high and stable baseflow in spite of its small catchment area of 1.4 km2. During the field
investigations, it was-confirmed that the discharge of the drain is constant even after short dry
periods of one week. The minimum discharge measured during the study period was
40 1/sec.*19 According to the farmers living along the drain, the water level in the drain is
almost constant through out the year, and seldom had floods in the past. - :

STt s consrdered that the peat soil layer which covers: lowland in the area has-a high
- water hoidmg capa01ty, sustammg a consistent flow and a flood-free condition.

(3 Water source and wateruse ..
There are several sprmgs along a swampy area on the ri ght bank of the drain. This
drain and. near-by spnngs are considered to be the main water source for this area. Since th1s

water comes from the springs, the water 1tse1f is very clean and clear without any sediment.™
Footnotes — _

*17/ Rainfal records at Parit Suong {DiD No. 1929064) 1951- 1990

*18/ Same data source as 17/

gt BasadmhemcordsmﬁtaendofWﬁ%
R0 Raﬁarto!heAnnex Vl. "Envitonment™.
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Farmers are currently taking this water for domestic use. Drinking water is being extracted
from a well located on the hill side of the right bank. '

3.1.5 TR44  Pasir Nering, Ulu Terengganu, Terengganu
1 Climate and rainfall

The meteorological condition in Terengganu is largely dominated by the north-east
monsoon. The rainfall pattern in the eastern region in which the project area is situated shows
a distinct rainy season from November to January and a dry period from February to August.
Temperature is quite constant with mean monthly temperature of 25 - 28 °C, maximum
temperature of 28 - 32 °C, and the minimum of 22 - 24°C, The minimum relative humidity is
comparatively high due to abundant rainfall. :
The mean annual rainfall in the catchment is 3,058 mm™*2! which is the highest among the five
project areas. Even in dfy months, they received precipitation over 140 mm.

(2)  Catchment characteristics : :

. The pro;ect area is located on the flat undulating land adjacent to Sg. Terengganu, the
largest river in Terengganu The catchment area of Sg. Por has a long and narrow shape of
which upstream part is mountainous covered by forests, while that of Sg. Peching is .
composed of hilly rubber tree areas and a flat lowland éxpanding on the right bank of
Sg. 'Ierengganu The catchment of Sg. Udang is sandwiched by those of Sg. Peching and-
Sg. Por with h1lly or undulating topography

(3) Water source and water use _ : . _
Three rivers are running through the project area, they are; Sg. Pechir'l'g, Sg. Udang
and Sg. Por. The caichment areas of the three rivers at considered dam or intake sites are -
4.8 k_mz, 18.2 km?, and 2.4 km?, respectivel'y. In terms of the location and water
availability, Sg. Por is considered to be the best water source. However, floods in this area
are very severe, and permanent structures across the river require large spillways against the
floods. On the other hand, the proposed crop for this area is 40 ha of roselle, which originates
from arid regions and requires less water.’ Takmg these into consxderauon Sg. Por is not
considered to be a smtable water source for a reservoir. o - ‘ L
Paya Kemat*22 pumping scheme is being operated by DID on the upstream of Sg. Por -
supplying irrigation water for paddy (60 ha) in the main season.. Some water is bemg
extracted from Sg. Peching via a pipe lineto Pasir Nering village for domestic purposes.. ”

Footnotes
21/ Rainfall stafion Paya Kemat (DID No.5029036), 1956 - 1990

*22! Paya Kernat purmp scheme completed in 1981, Two diesel s (3 cusec x-2, head 4 rm) are bek raled Imgatad
areamheaverageﬁ?ﬁa 1957):;?4'1m {sourca " Databaseoemqanarylmgabdmeas) iD)". ngope
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3.2 Hydrological Analysis

3.2.1 Data used

Data for the hydrologlcal analysis were collected from DID and MMS. Rainfall stations:
were selected by giving priority in the following priority: i} the nearest station to the project
area, ii) long-term observation, and iii) complete records without missing data. DID is
operating three types of rainfall stations, i.e. manual rainfall stations, automatic rainfall stations
and data-logger stations. The manual rainfall stations are operated by DID state staffs, who
measure and record 24-hour rainfall usually at 8:00 every morning, The automatic stations are .
equipped with rain gauges with automatic weekly recorders. By reading the chart, not only
daily rainfall but also hourly rainfall can be obtained. The data loggers record the time of
occurrence of every 0.5 mm rainfall. One data logger keeps one-month records which are
directly extracted and processed by computers. In terms of long-term availability, the manual
- rainfall stations provide good records without missing data. However, rainfall for certain
duration or rainstorm records can not be obtained from them. DID has recently started to
replace all the automatic stations with data logger stations. '

Ten (10) rainfall stations were fmally selected for the five (5) prolect areas shown as -
follows.

Project Area . Station No. Station Name Duration .

PR1 Simpang Geti 6502001 Ldg, Perlis Utara ~ 1975-1087

_ e 6402006  Guar Nangka 1959-1992
6503001  Perlis Selatan | 1974-1992

_ ' o © 6402008 Ngolang -1983-1992
PR4  Tasik Melati 6502010 - Bukit Temiang 1967-1992
KH4 Kedawan _ ' 6397112  Ulu Melaka 1953-1992
‘MAL6 Bukit Sedanan 2324032 Bukit Senggeh 1953-1992

_ JR10  Kangkar Merimau 1929064  Parit Sulong 1951-1992
TR44 PasifNering = - 5029036  Paya Kemat " 1956-1992

As for meteorological data, records of MMS principal stations were used because of the
coverage of their. observation items. and their long-term -availability, reliability and less
cllmatologlcal d1fference by location. In particular, wind speed records which are used in the
Penman method for estimating evapo-transpiration are observed only at these pnnc1pal,stat1ons

_ - Streamflow records observed by DID were used for verifying the estimated run-off.
DID is carrying out dlscharge measurements-every two weeks for each gauging station. Using
these records, rating curves are generated for convertmg water level readings to dlscharges In

-some rivers where the sedxment transport is high and the river beds are. qu1te unstable, this’
converted discharge does not- often represent the actual one, pamcularly after floods. It is
recommended to check the ratmg curves frequently. especially for lower discharges.

Suspended sediment records observed by DID were used for estlmatmg sediment loads
of the water source

SN SCE



3.2.2 Field Observations
{1}  Site reconnaissance

- From June to the beginning of July 1994, hydrologists for JICA and the local team
made the first site visit to the eight project areas to confirm the condition of the areas and to
install instruments for hydrological surveys. Prior to the site visit, data sheets and formats'
were prepared for conducting the investigations effectively. Procedures for the field surveys
were explained and instructed to the DID staffs who were directly in charge of field
observations during the study period.

(2)  Installation of instruments

-Instruments for the hydrological observatlons were selected and installed taking
following aspects into consideration; i) the availability of data from existing stations in the
vicinity, ii) hydrological characteristics of the areas, and iii) availability of staff for
maintenance. :

The instruments installed were 1) rain gauge (automatic, manual), ii) stick gauge and
iii) pressure-bulb for water level observation. Number/type of instruments and observation
period/item are shown in Table 11.9. '

3) Field observations : .

In parallel with observations by these instruments, dlscharge measurement for the water
source rivers was done periodically, and the field observation on weather, water level at water |
sources, presence of rainfall, etc., were recorded-in a data sheet, "Site Information on
Hydrology". o | - |
All the field observations were contmued unul 17 th of September, 1994 with great |
cooperation from related agencies, not only DID but also DOA, FEL(,RA and the pubhc

3.2.3 Water Availability . : :
The water avaxlabﬂﬁy, in other words, run-off. largely depends on ramfall When it -

rains, certain amount of preelpitatlon is lost and the remainder goes down as a streamflow.
- The soil layer has its own water holding capacity. Only when the stored volume
exceeds the capacity, some of the volume is discharged as the run-off, Evaporatlon and deep -
percolation are the Iosses for this storage and run-off. -

(1) Procedures used IS :
Water Resources Publication (WRP) No.12, “Average Annual and- Monthly Surface
Water Resources of Peninsular Malaysm" (1982, DID) provides a method for estimating the

run-off on daily basis. The model used in the procedure is given in F1g IL6a. The model set - :
- constants and coefficients based on the companson of generated run-off with actual run- off for_.

75 catchments i in the Peninsula. The water holdmg capac1ty was set at 250 mm. -

: II:—16' '



When the ground receives a precipitation more than the pbtential evaporation rate, the
same rate (as potential rate) will be lost as an evaporation loss, and the remainder will be stored
in the soil. ‘On the other hand, when the precipitation is none or less than the potential
evaporation rate, certain amount of the soil moisture will be consumed for the evapo-
transpiration. '

The excess moisture which can not be stored in the soil layer (over 250 mm) is defined
as "available water for run-off (AWR)". This excess water (AWR) will be gradually
discharged as the run-off. In WRP12, the recession constant (K) was set at 90 %, which
means that 10 % of the AWR is to be discharged per day. Then the remaining 90 % will be
retained for the run-off of next day. In WRPlZ, calculations were performed using a
FORTRAN programme. | Since the FORTRAN is not always user-friendly, especially for a
modification, a spread sheet for the "Lotus (release 4)" was developed for this study. A
sample output for Bukit Sedanan, Melaka is given in Fig, IL6b.

2 DlSCUSSlOﬂ on the model
Since this model was calibrated based on the actual run-off in the Peninsula, the total
estimated run-off shows a quite reasonable value. However, on the other hand, several points
need to be considered in using this model for certain projects, because the estirhated short-term
run-off (daily or weekly') might not always represent the actual run-off. Particularly for low
flow periods, this mode! often gives "no flow" days as shown in Fig. IL6b. If the proposed
water source has a certain baseflow, it is difficult to represent it by this model. _
~ Another point is that this model does not represent a direct run-off by a high-intensity |
rainfall during dry periods unless the soil moisture reaches 250 mm. Normally, if a high-
intensity rainfall occurs; there should be some run-off, but thls can not be represented by the -
original model. . '
-Since this project deals w1th small catchments, the baseflow and the direct run-off
'_durmg dry periods are very important factors. Thus the model in WRP No, 12 was modified in
order to represent the baseflow and direct run-off as mennoned in the following, -

(3)  Direct Run-off Rate

*Three direct run-off rates were temporanly set for this preliminary analysis according to
" the catchment characteristics. The value of 0.1 was adopted for areas of high run-off rate, such
as Terengganu, while 0. 01 was adopted for areas with low run-off rate (Melaka) or peat areas
(Johor). The value 0.05 was adopted for intermediate areas. For Tasik Melati, this direct run-
' off rate was not applicable, because 1ts swampy catchment has. ne1ther major streams nor the
R flood concentration. - - '
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4 Baseflow

The baseflow was estimated by the procedure introduced in HP No.12 "Magnitude and
Frequency of Low Flows in Peninsular Malaysia", This procedure was developed based on
the regional frequency analysis. Four low flow regions were identified, and by usirig this
procedure, design low flows of return periods between 1 and 25 can be estimated. Since the
water balance calculation was done for long term by using the actual daily rainfail' the mean
annual minimum flow (MAM) was used for the calculation. Table I1.10 shows the estimated
MAM in depth for each project area. _

Along with this calculation, the results of field measurements were also taken into
consideration, . . : '

As for Johor, Kangkar Merlimau, the baseflow was considered to be much higher than
the estimated value due to its catchment characteristics mentioned in the sub-section 3.1.4 (2) in .
page 12. The observed minimum discharge in July, one of the driest months, was 40 l/sec
which is only 10 sec less than the annual average run-off.*23 Taking info consideration the
previous field observation, the baseflow was set at 20 Ifsec or 0.35 mm. -

For Terengganu, Pasir Nering, the estimated low flow by HP12 was 0. 7 mm which is
equivalent to 40 /sec for Sg. Peching. However, the lowest flow that had been recorded was
approximately 20. }/sec (0.35 mm) in January 1994 Takmg due consxderatlon the baseflows
for the three rivers were set at (.35 mm,

For other projects, the estimated low flows (MAM) by HP12 were used comparing
with the field observations. ' :

(5)  Water availability for the pilot projects . o

The calculation was done using the modified model as illustrated in Fig. I1.7a, and the
parameters/data given in Table IL11. Consequently, the haseflow and the direct run-off were
represented as shown in Fig, II 7b '

The result of the calculatlon for each prcject area is summarized on monthly basis in
Table I1.12a-~f. '

(6)  Water availability in Peninsular Malaysia
- Based on the daily rainfall records between 1982-1992, basm -wise water avaxlablhty
{run-off) was calculated using the modified model.*24 _ SR SREE T
The baseflow was calculated by using HP12 for the catchment area of 1, 2 5, 10
20 km? respectxvely (Table I1.13), and the average values were- used for. the calculat10n
Direct run-off rates were set according to the annual ramfall data as follows

Footnotes - : '
23 Esumagad annual runoff by WRF No.12 (ongmai) is 1,112 mm which is amwalentto 50 Usec on average forthe catd’mem of
14km.

24 Rainfall stations used do not always coincide with those of 37 basins used for wtegmzauon rn case ramfall reoords of 1982
1982 are not available, ancther 10+ yearreoordswereused _
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Annual rainfall Dirgct R

less than 2,000 mm 0.01
2,000 to 2,500 mm ' 0.05
over 2,500 mm ' 0.10

_ The nearest MMS principal stations were selected for calculating evapo-transpiration
(Table I1.14). The results of the calculation are summarized in Table IL15.

-3.2.4 Flood

The design of water control structures depends largely on the expected flood discharge.
If a streamflow is gauged and the duration and quality of records are adequate, a frequency
analysis could be done. However, if such data are not available the designer will have to use
some other techniques. '

“ Flood analysis was carried out using several procedures introduced in Hydrological
Procedures (HP) by DID. The peak discharge at the proposed dam site was estimated by the
rational method giVen.iri'HPB *25 Rainstorms within the time of concentration were calculated
accordmg to the procedures given in HP1,*%¢ |

The rational method generally suggests the run- off coefficients between 0.20 and 1. 00
according to the rate of catchmernit development, vegetation and topography.*?? However in
HP5, run-off coefficiehts given for foer (4) regions in the Peninsula are very low ranging from
0.06 to-0.38. This procedure was also modified and revised based on the actual flood
conditions in the Peninsula.. The actual peak discharge and the time of concentration were
compared with the estimated- ones in order to represent the design peak discharge properly.
After making due discussions, two more procedures for estimating floods were examined,
namely HP4*?8 and HP11*29. The HP4 being developed for the catchments of more than
20 km?, it gives lower peék' discharges. - The dominating factor for HP11 is the "catchriient
group” which is defined to determine the C; in the following equation to get the catchment lag.

L L C X ( 5 ) -------------- (L)
where, L= main stream length from the outlet to the catchment boundary
L= main stream length from the outlet to the catchment centroid.
S= wexghted mean stream slope

L 'C n are constants

Footnotes

*.*25/ Rational Method of Fiood Esumatcon for Rutal Cav;hmarus in Peninsular Malaysm (rewsed and updated 1989).
26/ Estimation of the Design Rainstorm in Peninsular Malaysia (revised version 1982)

*27/ "Applied Hydrology” p498 venTe Chowetal = -

28/ and Fraquency of Floods in Peninsular Malaysia (revtsed and Updaned versron, 1987)
29/ Design Flood Hydograph Estimation for Rural Catdments in Penmsular Malaysia (1976)
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Catchment Type G

Group 1 Whole catchment very steep and covered in virgin jungle, 2.0
Group 2 Upper catchment very steep and jungle covered, lower catchment reaches

hilly and covered predominantly with rubber, 4.0
Group 3 Whole catchment undulating with variable vegelalmn including jungle,

rubber and agricultural development, 8.0

For Tasik Melati in Perlis and Bukit Lembu in Langkawi, the "Group 3" was adopted.
The "Group 2" was applied for other catchments. The results for the three procedures are
shown in Table I1.16.

3.2.5 Sediment
{1) - General | _ :

~ All rivers transport a certain amount of sediment load suspended in the flow Cross-
section or moving along the bed. As they approach the reservoir, the velocity is reduced and
the coarser sediment is settled down in the head reaches of the reservoir. The finer sediment is
maintained in suspension and gets deposited in the reservoir. This deposition of silt gradually-

- reduces the available storage capacny of the reservoir and is, therefore an 1mportant factor in
planmng :

“To atlow for silting, certain percentage of the total storage is usually left unutilized and
is called 'dead'’ storage, the balance being called 'live' or effective storage. The dead storage is ‘
séldom more than one fourth of the total, and the reservoir is never allowed to be dropped
below this capacity. All the outlets drawing water from the reservoir are provided above the
level at which dead storage is available. L : | '

Sediment transport depends on the physical properties of the sedxment as welI as on
the hydraulic characteristics of flow. Among the physical propemes, weight, shape and
terminal velocity of particles govern directly their movement. All these properties however can
be expressed in terms of the size of the sediment; the mean diameter being the most eommonly
used parameter, : | : :

The sediment load consists of two categorres i) bed load and ii) suspended load.
The bed load is the material in the bottom layers of the fiow. The bed load movement of
particles takes place by rolhng, sliding and hoppmg, i.e., saltation, dependmg on the velocrty
of flow. - : . o

With further increase of velocity_, smallernsize particles in saltation are thrown in
suspension by the transport by the upward eompon_ent_ of the turbulent velocity ‘of_ flow. Thus -
the transport by suspension is an advanced stage of bed load movement; intensified by eddies
-with vertical axes. The wei ght of the particles is suppoﬁed by the Surroﬁndirlg fluid. The term
wash load is often used to designate very minute partzcles approachmg colloldal sizes which
always remain in suspensmn SR '
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2) Sediment Production Rate :
In general, the mean annual sediment production is expressed in the following formula:

g, =KA" e (IL.2)

where, Gs : mean annual sediment production (m3/km?/year)
A :catchment area (km?)
K, n :constant

The constant "n" is normally a negative value meaning that the sediment production
decreases as the catchment area increases. This is because of the lérger sediment storage
function and higher percentage of plains in the bigger catchments.

In Japan, -0.7 is used for the constant "n", where in India, -0.2 to O 5 is applied30
The arithmetic average of sediment production rates obtained from 1,000 existing
measurements in the US. gave a rate of 1,800 m3/km?/year for the catchments of less than
25 km?. :

In Malaysia, no long -term samplmg of bed load has been done, and onIy suspended
load records at 53 DID hydrological stations are available, The rate of bed load was assumed at
10 to 20 % of the total sediment toad*3! in "National Water Resources Study Malaysia, Perlis-
Kedah-Pulau Pinang Regional Water Resources Study”, and the rate of 20 % was .finally
adopted for the bed load. ' | .

In this study, stations for suspended load measurement were selected in terms of the
catchment area (less than 1000 km?) and the location (near-by the feasibility study sites) as
shown in Table IL17. The relationship between the mean annual sediment transport and
catchment area is shown in Flg I1.8. The sediment transport was estimated by converting the '
suspended load transported in tones to the total sediment volume in m3 assuming that; i) the
bed ioad is 20 % of the total sedxment load, and ii) the specific weight of the deposit is
1.0 ton/m3

Four groups can be found accordmg to the sedimentation rates as foilows

Sedimentationrate Ares

Very high _ . Partof Selangor (Sg. Batu, Sg. Semeﬁyih), Perak (Sg. .
Cenderiang), Pahang (Sg. Lepar) |
High Selangor, Lower Pahang river basin
' Central Perak (Ipoh, Kampar, Tapah)
. 