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B : Benefit

80D ¢ Blochemical Oxygen Demand

c : Cost

CIF : Cost, Insurance and Freight
CcoD -t Chemical Oxygen Demand

D&Y : Domestic and Industrial

dia :  Diameter

EIRR : Economic Internal Rate of Return
El. ¢ Elevation above mean sea level
Eq. : Equation

Fig. ¢ Figure

FOB : Free on Board
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ABBREVIATIONS OF MEASUREMENT

sq.cm = square centimeter
= §G.m = gquare meter

sq.km = sguare kilometer

cu.ctt = cubic centimeter

cu.it = cubic meter

Length

mm = millimeter
cm = centimeter
m = meter

km = kilometer
ft = foot

vd = yard

Area

me

ha = hectare
kme =
_Volume

cm3 =

1 = lit = liter
kl = kiloliter
1'113 =

gal.= gallon
Weight

mg = miliigram
g = gram

kg = kilogram
_ton = metric ton
1b = pound
Time

5 = sacond

min = minute

h = hour

d = day

y = yard

Flectrical Measures

-
E = ol
Wy B on s

[}
=
H

Volt
Ampere
Hertz (cycle)

= Watt
- Kilowatt

Megawatt
Gigawatt

Other Measures

f4 = percent

PS = horsepower

° = degree

! = minute

" =, sacond _

°C = degree centigrade

103 = thousand

106 = million’

109 = billion (milliard)
Derived Measures

m3/s = cubic meter per second
cusec = cubic feet per second
mgd = million gallon per day
kWh = Kilowatt hour

MWh = Megawatt hour

GWh = Gigawatt hour

kWh/y = kilowatt hour per year
WA = kilovolt ampere '
BTU = British thermal umit
psi = pound per square inch
Money

M3 = Malaysian ringgit

U83 = US dollar

¥

- wi -

=.Japanese Yen



 CONVERSION FACTORS

From Metric System : . To Metric Systeﬁ
Length 1 cm = 0.394 {nch 1 inch = 2.54 cm
1m. = 3.28 ft = 1,09 yd 1 ft = 30.48 cm
1 km = 0.62]1 mile lyd = 9l.44 cm
o 1 mile = 1,609 km
Area 1 em? = 0.155 sq.in 1 sq.ft = 0,0929 mZ
1 mZ = 10.76 sq.ft 1 sq.yd = 0.835 m2
1 ha = 2,471 acres 1 acre = = 0.4047 ha
1 km2 = 0.386 sq.mile 1 sq.mile = 2,59 km?
Volume 1 cnd3 = 0.0610 cu.in 1 cu.ft = 28.32 lit
1 it = ©.220 gal. (imp.) 1 cu.yd = 0.765 m3
1kl = 6.29 barrels 1 gal.(dmp.) = 4.55 1it
L w3 =353 cu.ft 1 gat.(Us) = 3.79 lit
106 m3 = 811 acre-ft 1 acre-fr = 1233.5 m?
Weight 1g =10.0353 ounce 1 ounce =28.35.g °
' 1l kg = 2,20 1b 1 1b ='0.4536 kg
1 ten = 0.984 long ton 1 long ton = 1.016 ton
= 1.102 short ton 1 short ton = 0.%07 tom
Erergy 1 kih = 3,413 BTU 1 BTU = 0.293 Wh
Temperature ' °Cf= {°F - 32) + 5/9 °F = 1.8°C + 32
Derived Measures - 1 m3/s = 35.3 cusec 1 cusec = 0.0283 md/s
| 1 kg/em? = 14.2 psi _ 1 psi = 0.703 kg/cm?
1 ton/ha = 891 lb/acre 1 Ib/acre = 1.12 kg/ha
106 m3 = 810.7 acre-ft. 1 acre-fr = 1,233.5 m3
1 m3/s = 19.0 mgd 1 mgd = 0.0526 m3/s
' Local Measures 1 1it = 0,220 gantang 1 gantang = 4,55 1lit
- " 1kg = 1.65 kati 1 kati = 0,606 kg
= 16.5 plkul . - 1 pikul =

1 ton 60.6 kg -
Exchange Raté R
{As average between July and December 1980)
S $1 = M$2.22 o
X100 = M$1.03

- xit -



1. INTRODUCTION

Malaysia’s rapid development has begun to strain her water
resources, Incfeasingly water stress has occurred in places where
previocusly water was found abundant for use. The responsibility for
water resources development and management in Malaysla has traditionally
been fragmented among various departments and agencies in accordance with
their respective functions and activities related to water. 71u the
absence of a comprehensive system to coordinate the multifarious
activities in water resources development and management, these
activities tend to take place in isolation. This may lead to competitlon '
in water use and even duplication of activities and functions. An
integrated approach to water resources development and management is
therefore necessary to ensure future efficient use of water and other
resources, and a study in this regard has become necessary.

The National Water Resources Study, Malaysia, has been carriled out
by the Study Team of the Japan International Cooperation Agency (JICA) in
collaboration with officials of the Government of Malaysia for 3 years
since October, 1979 in order to establish a basic framework for the
orderly planning and implementation of water resources development
programs and projects and for rational water resources management
consistent with the overall national socio-economic development
objective,

The Final Report submitted now comprises Volume 1 Master Action Plan
and Volume 2 Water Resources Development and Use Plan, being supported by
the State Reports and Sectoral Studies.

The Master Action Plan contains recommendations on actions to be
taken by the Federal and State Governments to ensure efficient and
effective execution of water resources development and management in the
future, including the national water policy, implementation program,
financial system, water administration, instltutlonal framework, legal
provisions and further study.

The Water Resources Development and Use Plan is a translation of the
national water policy into a long-term national master plan for water
resources: development., reflecting the needs based on soclo—economic goals
and also the availability of water and other resources as well as the
extent and distribution of water stress.

- Each volume of the State Reports is a version of the Water Resources
Development and Use Plan compiled for a State or a group of States,
including more information regarding the specific State or States. . The
State Report Volume 4 for the States of Negerl Sembilan and Melaka herein
presented describes the matters for the two States and where nécessary’
those for the northwest Johor, because these areas entirely need to form
one vegion from the viewpoint of- balancing water demand and supply.
Herein the northwest Johor 1s defined as a part of the Muar river basin
located in the State of Johor.



The Water Resources Development and Use Plan was prepared to show
general direction of water resourceg development in Malaysia, identifying
‘future problems and needs and availability of water and other resources,
based on analysis and interpretation of readily available data and
information. Individual projects indicated are, therefore, only notlonal
and no intention has been made to define any of their details. '



2. BACKGROUND

2.1 The Land
(lj Negeril Sembilan

The State of Negeri Sembilan of 8,230 sq.km is located iIn the.
southern part of the west coast of Peninsular Malaysia, between 101743
and 102%42’ east in longitude‘and 2°23° and 3%17‘ north in latitude. It
faces the Strait of Melaka and adjoins the State of Selangor-and Pahang
in the north and the States of Melaka and Johor in the south.

Central portion of the State is mountainous. The west is low hills
- and plains. Rivers are the Linggl, Sepang, Melaka, Kesang, Muar and
.other small rivers, The basin of all these rivers are inter-states,
because the boundary of the State of Negeri Sembilan does not coincide
with the watershed except for the northern margin.

Negeri Sembilan is divided Into two zones by the granitic Main
"Range, ‘Western half of the area is composed mostly of Devonian
sediments, which are widely argillaceous, locally arenaceous and
calcareous, and often shaly. Eastern part of the State is alsc covered
partly by the Devonian sediments in the eastern margin -of the Main Range,
but most part is occupied by Triassic sediments which develop in a part
of Pahang river basin and Muar ¥iver basin., Frequent faults are recorded
as the granite zone in the Main Range, with main trends of northwest to
southeast and subordinate trends of northeast to southwest.:@ Coastal
alluvial deposlts are poorly developed only in small areas.

Soils are mostly sedentary soils occurrlng on undulating plains and
‘mountains. The areal extent of alluvial soils on coastal plains and
riverine flood plain or low riverine terraces 1s 934 sq. km, accounting
for 14% of the total of the State. Out of it, 768 sq.km are evaluated as
suitable for paddy and 158 sq.km for coconut. The area evaluated as-
suitable for rubber, 0i1 palm and cocoa extends over sedentary soil areas
and its areal extent is 288 sq.km for rubber and 181 sq.km for 011 palm
and cocoa, respectively. '

Climate is usually hot and wet. Average annual rainfall is about
2,000 mm. Usually there is a steady build up of rainfall during the
southwest monsoon to 'a maximum during the second post-equinoctical-
transition period in October and November. Metedrological data at Melaka
(E1.8.5 m) are summarized in Table 1. '

(2) Melaka

The- State of ‘Melaka of 1 650 sq.km is located in the %outhern part
of the west coast of Peninsular Malaysia, between 101759 and 102“36’
east in-longitude and 2710’ and 2°30’ north in latitude. It faces the
Strair of Melaka and adjoins the State of Negeri Sembilan in the north
and State of Johor in the south.



The State eonsists mainly of. pldains with low hills in the northern
edge. ‘Rivers run almost perpendicular to the geological trend, They are
the Melaka Kesang and other small rivers. o

Melaka is for thé most part underlain by Devonilan meta-sedimentary
rocks and intrusive granitic rocks., The latter is continuous from the
Main Range which is terminated in the northern part of the State. . .
Isolated granite masses are located to the south of Jasin and in small
areas on ‘the coast of Melaka strait. The former is composed of marine
arglllaceous. (shales and phyllites) and arenaceous. (quartzites)
sediments. Coastal alluvial deposits are developed only in a small area
in the southern end of the State,

Soils are mostly sedentary soils occurring on undulating plains. The
areal extent of alluvial soils on coastal plains and riverine flood plain
or low riverine terrace is 381 sq.km, accounting for 23% of the total for’
the State. - Out of it, 186 sq.km are evaluated as suitable for paddy.

The extent of area evaluated as suitable to marginal is 725 sq.km for
rubber, 714 sq.km for oil palm and coconut, and 866 sq.km for coconut,
respectively. Almost- all of it extends over sedentary soil area.

Climate is usually hot and wet. Average annual rainfall is about
2,000 mm. Usually there is .a steady build up of rainfall during. the
southwest monsoon to a maximum during the second post-equinoctial
transition period in October and November. Meteorological data at Melaka
(F1,8.5 m) are summarized in Table 1, :

2.2 The Rivers

Run-off in rivers wholly or partly located in the State 1s estimated
based on 1961 - 1979 records at the hydrological stations No.3414421 in
the Selangor river No0.2322413 in the Linggi river and No.3424411 in the
‘Pahang river in Negeri Sembilan and at the hydrological stations
No.2322413-in. the Melaka river and No.2224432 in the Kesang river in
Melaka. -In Negeri Sembilan, the surface run—off is 34 b;lllon cu.m/y or
40% of rainfall of 86 billion cu.m/y. Evapotranspiration is 48 billion
cu.m/y and groundwater recharge is 4 billion cu.m/y. In Melaka, the
surface run-off is 5 billion cu.m/y or 28% of rainfall of 18 billion
cu.m/y. Evapotranspiration is 12 billion cu.m/y and groundwater recharge
is 1 billion cu.m/y.

Organic pollution In the rivers is caused by domestic and industrial
‘sewage, effluent from rubber factories, palm oil millls and animal.
husbandries. Bilochemical oxigen demand (BOD) concentration of more than
5'mg/lit was measured during 1978/1979 in the Johor and Endau rivers.
Operation of mines, opening-up of residential areas, road construction
and logging are major causes of high concentration of suspended solid -
(88). .In the 1978/1979 observation, $5 concentration was more than 500
mg/lit in some.stretches of the Langat and Melaka rivers.

Within both the States, alluvial aquifers occur in the limited
coastal plain along the sea coast, but sea water intrudes near the
seashore. Rock aquifers may be found in the sedimentary rocks of
Silurian to Triassic and some granites.



The river chatracteristlcs in terms of rlver morphology; estudry,
sediment and sea water intrusion in Negeri Sembllan and Melaka is as
shown in Tableg 2 through 4.

2.3 Watershed
(1) ﬁegeri Sembilan

. Natural vegetation occupies 2 130 sq km comprising hill forest of
1,688 sq.km, scrub forest of 247 sq.km, swanp forest of 14 8q. km and -
grassland_of 181 sq.km. The variéties range from the mangroves on
coastal fringes to the mixed dipterocarp forests in lowlying and hilly
areas and the montane forests of the highlands.

‘The total forest decreased from 3 530 sq.km or 53% of the whole'
State in 1966 to 1,949 sq.km or 29% in 1979 by forest exploitation not
only for logging purpose but also for execution of agricultural land -
development schemes.

Through the soil erosion potential evaluation in the Study, it was
preliminarily estimated that the concentration of suspended solid was
less than 100 mg/lit at present in all rivers of the State showing less
effect by surface soil loss occurred in the catchment areas.,

(2) Melaka

Natural vegetation occupies 118 sq.ki comprising hill forest of 32
_sq km, scrub forest of 34 sq.km swamp “forest of 21 sq.km and grassland
of 31 sq.km. The varieties range from the mangroves on coastal fringes
to the mixed diptercocarp forests in lowlying and hilly areas and the
montane forests of the highlands.,

The torest decreased from 228 sq.km or 14% of the whole State in
1966 to 87 sq.km or 5% in 1979 by forest exploitation not only for - :
logging purpose but also for execution of agricultural land ‘development
schenes.

Through the soil erosion potential evaluation in the Study, it was
preliminarily estimated that the concentration of suspended solid was
less than 50 mg/llt at present in all rivers of the State showing less
effect by surface soil loss occurred in the catchment areas.

2.4 Present Socio-economic Condition

As illustrated in Fig.l, Negéri Sembilan is administratively:’
composed of seven districts, Melaka of three districts. Towns having
population of more than 10, 000 in 1980 were Port Dickson, Seremban, Kuala

 Pilah, Tampin and Bahan in Negeri Semblan, Melaka and Bukit Baru in U
Melaka. . '

Population and gross regional.pfodect {GRP) of the States of Negeri
‘Sembilan and Melaka are described hereunder.



(1} Negeri Sembilan

Population of Negeri Sembilan was 0.6 million in 1980 with the
average annual growth rate of 1.8% during the period from 1970 to 1980.
Population density Increased from 75 persens/sq km in 1970 to 90
persons/sq.km in 1980.

Gross reglonal product (GRP) increased from M$56? million:in 1971 to
M$1,059 million in ‘1980 in factor cost at 1970 constant price with the
average annval growth rate of 7,.2%. GRP of manufacturing sector shared
M$109 million or 19.2% of the total in 1971 and M$200 million or 18.9% in
1980. Per capita GRP was M$1,765 in 1980 in factor cost at 1970 constant
price and its average annual growth rate hetween 1971 and 1980 was 5.3%.

Major 1and use patterns in 1979 were forest of 1,949 sq.km,
grassland of 181 sq.km, annual and perennial crop 1and of 2,638 'sq.km,
swamp of 99 sq.km and miscellaneous 1and of 1,802 8q. km. The ‘land use in
1974 is shown in Fig.2.

Rubber, oll palm, coconut and cocoa are planted for earning of
foreign currency by export. The total planted area as of 1979 was
201,200 ha for rupber, 38, 300 ha: for oil palm, 3,100 ha for coconut and
200 ha. for cocoa. During the last five’ years since 1975, newly planted
area under FELDA and FELCRA schemes totaled 35,300 ha for rubber and -
3,400 ha for oil palm. RISDA replanted 8,000 ha ‘'of rubber in the
existing smallholders’ rubber areas during the said perioed, while private
estates reduced by 8,800 ha their planted area of rubber mainly for the
purpose of conversion to oil palm. The annual production in 1979 totaled
191,500 tons of rubber as dry rubber content, 506,700 tons of o1l palm as
fresh fruit bunch and 7, 600 tons of coconut as copra and 40 tons of cocoa
as dry beans. .Qut of the above harvests, private estatesg produced 98,600
tons of rubber and 393,900 tons of oil palm and 40 toms of cocoa. The
remaining ones were put out from RISDA, YELDA and FELCRA schemes as well -
as smallheolders. .

In eight mills located within the State,’ 11? 300 tons of crude- palm
oil and 25,600 tons of palm kernel were extracted from oil‘palm through
processing 507,100 tons of fresh fruit bunch brought in the milis
throughout 19790

In 1979/80, paddy was. planted in 3 900 ha comprising main season wet
paddy of 2,400 .ha and. off-season wet paddy of 1,500 ha, As the whole
-~ paddy field was 13,300 ha, the crop intensity in 1979/80 became 0.29.

" The total rice production in 1979/80 was 6,700 tons among which.4,200
tons were harvested in the main season and the remaining 2,500 tons were
off-season wet paddy rice. This production met 4% of the estimated local
consumption ‘of 57 100 tons in the State in 1979/80.

; During the period from 1970/71 to 1979/80, rice production e
flucLuated ‘between 6,700 tons in 1979/80 and 25,500 tons in 1972/73
largely affected by climatic condition, even though paddy field which was
provided with irrigation facilities increased from 9,300 ha to 11,500
ha. .



(2) Melaka

population of Melaka was 0.5 million in 1980 with the average -annual
growth rate of 1.4% during the period from 1970 to 1980. Population
density increased from 254 pereons/sq.km in 1970 to 292 persons/sq.km in
1980,

Gross reglonal product (GRP) increased from M$363 million in 1971 to
M$688 million in 1980 in factor cost at 1970 constant price with the
average annual. growth rate of 7.4%. GRP of manufacturing sector shared
M$30 million or 8:3% of the total in 1971 and M$90 million or 13.1% in
1980. 7Per capita GRP was M§1,427 in 1980 in factor cost at 1970 constant
price and its average annual growth rate between 1971 and 1980 was 5.9%.

Major land use patteras in 1979 were forest of 87 'sq.km, grassland
of 31 sq.km, annual and perennial crop land of 1,289 sq.km, swamp of 90
sq.km and niscellaneous land of 158 sq.km. The land use in 1974 is shown
in Fig.2. o

Rubber, oil palm, dednut and cocoa are planted for earning of
foreign currency by export. The total planted area as of 1979 was
106,000 ha for rubber, 8,200 ha for oil palm, 5,400 ha for coconut and
3 700 ha for cocoa. During the last five years since 1975, newly planted
area under FELDA and FELCRA schemes totaled 100 ha for oil palm. RISDA
replanted 3,600 ha of rubber in the existing smallholders’ rubber areas
during the said pericd, while private estates reduced by 5,300 ha their
planted area of rubber mainly for the purpose of conversion to oil palm.
The annual production in 1979 totalled 98,000 tons of rubber as dry
rubber content, 112, 200 tons of oil palm as fresh fruit bumch and 13,200
tons -0f ‘coconut as copra and 80 tons of cocoa as dry beans. Out of the
above harvests, private estates produced 38,600 tons of rubber and 97,400
tons of oil palm and 80 tons of cocoa. The'remaining ones were put out
from RISDA, FELDA and FELCRA schemes as well as smaliholders.

In two mills located within the State, 11,800 tons of crude palm oil
and 2,700 tons of palm kernel were extracted from oil palm through
processing 52,800 tons of fresh fruit bunch brought in the milis

" throughout 1979.

in 1979/80, paddy was planted in 9,200 ha comprising main season wet
“paddy of 7,800 ha and off-season wet paddy of 1,400 ha. -As the whole
paddy field was 12,200 ha, the crop intensity in 1979/80. became 0.75.

The total rice production in 1979/80 was 14,400 tons among which 11,800
tons were harvested in the main season and the remaining 2,600 touns were’
eff—seasoﬁ'wet paddy rice. . This production met 6% of the estimated local
consumption of 45 »900 tone in- the State in 1979/80.

During the period from' 1970/71 to 1979/80, rice production
fluctuated between 13,500 tons in 1977/78 and 21,800 tons in 1973/74
largely affected by elimatic condition, even though paddy field which was
provided with 1rrigation facilities increased from 5,200 he to 9 000 ha.



3, PRESENT CONDITION OF WATER RESOURCES
DEVELOPMENT AND USE.

3.1 Domestic and Industrial Water Supply

Public water supply in Negeri Sembilan is administered by the
Waterworks Department (WD) of the State Government. .

In_Melaka, public water supply is administered by the Melaka Water
Authority (WA). The Melaka Water Authority is a statutory body and is
mnanaged under a commercial accounting system.

~ In both the 8States, WD and WA supply piped and treated water to the
major towns in urban area and also to the minor towns and villages in
rural area, The urban water supply system also commands some suburban
rural areas nearby. The pipeline is connected to individual taps.

‘In 1978, in Negeri Sembilan, the thirteen WD water works delivered
84,900 cu.m/d; in Melaka, the WA delivered 68,500 cu.m/d. The
water—served population was estimated at 454,000 in Negerl Sembilan and
349,600 in Melaka in 1980.

in the 1nterior and - 1solated rural areas, untreated water supply
system has been developed by the State Government by either withdrawing
water from small river or digging shallow wells equipped with hand pumps
with materials and technical advices from MOH, under the Rural
Fnvironmental Sanitation Program, It was estlmated that 21,000 people
for Negeri Sembilan and 12,000 for Melaka were served water by the
untreated water supply system in 1980. The water users are suggested to
boil water before drinking. '

Consequently, the service factor the ratio of water-served
population to the State total population was estimared at 79% in Negerl
Sembilan and 75% in Melaka in 1980.

3.2 Irfigation
(1) Negeri Sembilan

There are 13 300 ha of paddy . fields. 11, 000 ha are 1rr1gated and
2 300 ha are rainfed. No major. schemes are located in the State. Among
existing 114 irrigation schemes, 85 schemes are the small-scale area less
than 100 ha. The average size of irrigation schemes in the State is 91
“ha. Except for 2 pumping irrigation schemes, all schemes are the gravity
irrigation area taking water mainly from the Muar and Linggi rivers.
Location of irrigation areas. is shown in FigaB Among irrigation areas,
6,400 ha are double cropping paddy. -Paddy yield is 1.7 - 2.1 tons/ha in
the main season and 1.5 -.3.0 tons/ha in the off-season- according to the
records from 1973 to 1978.



{(2) .Melaka

There are 12,200 ha of paddy fields: 8,500 ha are irrigated and
3,700 ha are rainfed. No major schemes are located in the: State.. There
exist 51 irrigation:schemes consisting of 43 gravity irrigatiomn, 6
punping lrrigation and 2 control dralnage schemes. The largest
irrigation scheme is the Tanjong Minyak pumping irrigation scheme wjth a
service area of 1,133 ha. The average size of irrigation schemes in the
State is 175 ha., Locatlon of irrigation area is shown in Fig.3. Among
total irrigation area of 8,500 ha, only 2,200 ha are double cropping
paddy. Paddy yield is 2.0 - 2.5 tons/ha in the main season and 2.1 - 2.4

_tons/ha in the off-season according to the records from 1973 to 1978.

3.3 Flood Mitigation
(1) Negeri Sembilan

Flood cccurs between: November and January, but flash flood occurs
almost throughout the year.. The damage by the recorded maximum flood in
the State is estimated to be M$18.5 million at 1980 price level. Table 5
i1ists the inundated area and estimated damage by the recorded maximum
flood by Basin. The inundated area is illustrated in Fig.4.

.(2) Melaka

_Flood occurs between October and January, but flash flood occurs.
almost throughout the year. The dawage by the recorded maximum flood in
the State is estimated to be M§21.2 million/y at 1980 price level. Table
5 lists the inundated area and estimated damage by the recorded maximum
flood by Basin. The inundated area is illustrated in Fig.4.

3.4 Inland'Fishery

There are 283 ha and 71 ha of freshwater constructed ponds and 117
.and 4 ha of tin mining pcol used for fish culturing in Negeri: Sembilan
and Melaka respectively. The water use of the constructed ponds in 1979
was 3.84 and 0.96 million cu.m/y respectively,

3.5 '1niand Navigaiion

Neither passenger boats nor cargo boats are registered at the Marine
Department in Negeri Sembilan. Marine fishing boats are the only river
traffic, . :

In Melaka warine fishing boats and Cargo boats navigate the Melaka
river. Abcut 20 passenger boats ply in the Umbai river up to 1.6 km
upstream of the mouth. . _



3.6 Sewerage System

No sewerage system is installed in Negeri Sembilan and Melaka. The
installation of septic tank 15 compulsory by regulations in urban. areas,
while domestic sewage is directly discharged into nearby water course or
onto land in rural areas :

3.7 “Water Pu1ification System in Private Sector
(1) Negeri Sembilan

The Fedexal DOE started to monitor the river water quallty since
1978 in Negeri Sembilan with the frequency vanging from twice a year to
once a twonth in 2 river water quality control regions.

There are 28 vubber factories im the State. These factories produce
SMR, latex concentrate and conventional grade of 447 tons/day and they
discharge effluent of 3,23 million cu.m/y to nearby watercourses. The
water quality at outlets of factories ranges from 11 to 3,380 mg/lit in
BOD concentration and from 10 to 1,100 -mg/lit in SS concentration.

There are 8 oil palm mills in operation of which total milling
capacity amounts to 2,289 tons/hr in fresh fruit bunch (FFB). The volume
of effluent from these mills is 286,000 cu.m/y. The treated or raw
effluent is and will be discharged from 3 mills into watercourses and
from 5 mills onto land. The water quality ranges from 200 to 500 mg/lit
in BOD concentratlon and SS concentration ranges from 600 to 1,700
mg/iit, :

(2) Melaka -

The Federal DOE atarted to monitor the river water quality since
1978 in Melaka with the frequency ranging from twice a year to once a
month in 2 rivér water guality control regions,

There are 1] rubber factories in the State:. These factories produce
SMR, latex concentrate and conventional grade of 295 tons/day and. they
discharge effluent of 1.39 million cu.m/y to nearby watetcourses. The
water quality at outlets of factories ranges from 11 to 3,380 mg/lit in
BOD concentration and from 10 to 1,100 mg/lit in SS concentration.

There are 2 oil palm mills in operation of which total milling
capacity amounts to 313 tons/hr in fresh fruit bunch (FFB). The volume
of effluent from these mills is 23,000 cu.m/y. The treated or raw
effivent is and will be discharped from 2 milis onto land. The water
quality ranges from 200 to 500 mg/lit in BOD concentration and 55
concentration ranges from 600 to 1,700 mg/lit. : :

- 10 -



3.8 Watershed Management
(1) Negerl Sembilan

The State Forestry Department is responsible for administration and
regulation of forest’ exploitation forest revenue collection, management
and development of the State’s forest resouces,; and for planning and
coordinating the development of woodwbamed industries. :

At the end of 1979, the forest land was categbrized into forest
reserves of 1,845 sq.km and Crown or State land of 104 sq.km. Out of the
forest reserves, 840 sq.km was classified as productive forests -
comprising 831 sq.kin of inland forests and 9 sq.km of mangrove forests.
The remaining 1,005 sq.km were unproductive forests consisting of 1,000
s5q.km of protective hill forest and 5 sq.km of mangrove forests. In the
inland forest reserves, there remain 702 sq.km of unexploited forests.
which have been committed or licenced for development. The actual area
aopened for harvesting during 1979 was 73 gq .km corresponding to 10/ of
the unexploited forests.

Besides forest exploitation, execution of large-scale land
development schemes for tree crop plantations, housing eéstates and
construction of highway in mountainous and hilly areas have caused sheet
and gully erosion problems on steeply dissected land.

"All the activities mentioned above are also sources of man-made
sedimentation, 1In the future, the suspended solid concentration of river
flow will range between 100 and 400 mg/lit in the middle reach of the
Muar river, if all the present forest lands having a slope.of less than 2
degrees and non-erodable soils are converted to tree crop plantations and
those located on slope lands ranging from 3 to 6 degrees and on erodable
gsoil areas with a slope of less than 2 degrees are exploited for logging
purpose. In case that regeneration of the existing exploited forests
will be artificially accelerated by conducting enrichment planting and
regular planting in parallel with the above-mentioned development, the
suspended solid concentration will not be substantially reduced.

(2) Melaka

The State Forestry Department is responsible for administration and
regulation of forest exploitation, forest revenue collection, management
and development of the State’s forest resouces, and for planning and
coordinating the development of wood-based industries.

At the end of 1979, the forest land was categorized into forest
réserves of 67 sq.km, wild 1ife and other reserves of 6 sq.km and Crown
or State land of 14 sq.km. Out of the forest reserves, 59 sq.km was
classified as productive forests comprising 58 sq.km of inland forests
and 1 sq.km of mangrove forests. The remaining 8 sq.km were unproductive
forests consisting entirely of protective hill forest. In the inland
forest reserves, there remain 5 aq.km of unexploited forests which have
been committed or licenced for development.  The actual area opened for
harvesting during 1979 was 5 sq.km corresponding to 1007 of the
unexploited forests,

_11...



Besides forest exploitation, executlon of large-~scale land
development schemes for tree crop plantations, housing estates and
construction of highway in mountainous and hilly areas have caused sheet
and-gully erosionfproblems on steeply dissected land.

: All the activities mentioned above are also sources of man—made
sedimentation. . In the future, the suspended solid concentration of river
flow will be less than 100 mg/lit in all rivers, even if all the present
forest lands having a slope of less than 2 degrees and non-erodable soils
are converted to tree crop plantations and those located on slope lands
ranging from 3 to & degrees and on erodable soil arecas with a slope of
less than 2 degrees are exploited for logging purpose. In case that
regeneration of the existing exploited forests will be artificially
accelerated by conducting enrichment planting and regular planting in
parallel with the above-mentioned development, the suspended solid
concentration will not be substantially reduced.

3.9 Dams

Table 6 lists eight dams iﬁ operation in Melaka and Johor as well.
There are no dams in Negeri Sembilan,

Out of these 8 dams, four dams are located. w1th1n the boundary of
Melaka, three dams within Johor and the Kesang barrage is located at the
borders of Melaka and Johor. The Melaka barrage and the Kesang barrage
are those for tidal prevention purposes and all the other dams are those
for water supply purposes. The three dans located in Johor are those
mainly for water supply of Melaka.
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4, FUTURF, WATER DEMAND AND ASSOCIATED PROBLEMS

4.1 Projected Socio-economic Condition

The socio-economic -framework was projected based on the planned
vdalués of 4MP and the Outline Perspective Plan (OPP) as well as the
latest figures of 1980 Population Census as the preliminary field count.
For the projection, an assumption was made that the 4MP/OPP target of GDP
be achieved by 1990 and thereafter the growth rate be 7.5% between 1990
and 2000. Outcome for the States of Negerl Sembilan/Melaka 1s described
hereunder. ' '

{1) ©Nepgeri Sembilan

_ The average anmual growth rate. of population in the period from 1980
to 2000 was estimated to be 1,2%. Projected population is (.69 million
in 1990 and 0.76 million in 2000, respectively, Table 7 shows the
projected population by urban and rural area in the-State of Negeri
Sembilan, In the Study, the urban area includes cities/towns each of
which population in 2000 was estimated to be not less than 10 000.

GRP in factor cost at 1970 constant price was pIDJECtEd to be
M$1,471 million in 1985, M$2,159 million in 1990 and M$4,04] million in
2000 with the average annual growth rate of 6. 9%-betWeen 1980 and 2000.

Progected gross value of output in manufacturing sector will
increase from M$788 million in 1980 to M$1,503 million in 1985, M$2,385
million in 1990 and M$4,264 milliion in 2000 at factor cost in 1970 prices
as shown in Table 8.

The future rice consumption in the State was estimated to be 82,700
tons in 1990 and 90,700 tons in 2000. " To raise the average rice
self-sufficiency rate in Peninsular Malaysia up to 85% in 1990 and in
2000 as ‘well, implementation of the following irrigation development
plans is indispensable: - (1) provision of irrigation system for the
existing rainfed paddy field of 1,100 ha, (2) stabilization of irrigation
water supply during the wet season to the existing irrigated paddy field
of 1,700 ha and (3) development of new irrigation water resources during
the'dry geason to Increase by 1,700 ha double cropping area among the
existing irrigated paddy field. The total rice production anticipated
under the above plans will be 39,400 tons in 1990 and 40 200 tons in
2000« '

0il palm planting area was projected to increase to 72,240 ha in
1990 and to 79,000 ha in 2000, ‘The prospected processing volume of o1l
palm in the State will be 960,000 ton as fresh fruit bunch in 1990 and
1. 15 million tons in 2000.

- Rubber planting area was pr03ected to be converted to oil palm area
to ‘some éxtent and its hectarage will be 180,000 ha in 1990 and 173,000
ha im 2000. The total processing amount was ‘projected to be 180, 000 ton
as dry rubber conteant inm 1990 and 200,000 ton -in 2000.
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(2) MYelaka

The average annual growth rate of population in the period from 1980
to 2000 was . estimated to be 0,6%. Projected population is 0.33 million
in 1990 and 0.54 million in 2000, respectively. Table 7 shows the
projected population by urban and.rural area in the State of Melaka. In
the Study, the urban area includes cities/towns each of which population
in 2000 was estimated to be not less than 10 ,000.

GRP in-faCtOIHCOSt at_1970 constant price was projected to be M$930
million in 1985, M$1,347 million in 1990 and M$2,554 million in 2000 with
the average annual growth rate of 6.8% between 1980 and 2000.

Projected gross value of output in manufacturing sector will
increase from M$297 million in 1980 to M§531 million in 1985, M$%46
million in 1990 and M$2,351 million in 2000 at factor cost in 1970 prices
as shown in Table 8. .

The £uture rice consumption in the State was estimated to be 63,100
tons in 1990 and 64,600 tons in 2000. To raise the average rice
self-sufficiency rate in Peninsular Malaysia up to 85% in 1990 aud in
2000 as well, implementation of the following irrigation development
plans is indispensable: (1) provision of irrigation system for the
existing rainfed paddy field of 1,600 ha, (2) stabilization of irrigatiom
water supply during the wet season to the existing irrigated paddy field
of 2,200 ha and (3). development of mnew irrigation water resources during
the dry season to increase by 2,200 ha double cropping area among the
. existing irrigated paddy field. The total rice production anticipated
under - the above plans will be 30,300 tons in 1990 and 30,600 tons in
2000.

Oil palm planting area wae projected to increaée to'8,650 ha in 1990
and 9,540 ha in 2000. The prospected processing volume of oil palm in
the State will be 110,000 tom as. fresh fruit bunch in 1990 and 2000.

Rubber planting area Was_projected to be kept in the present
hectarage of 106,900 ha in 1990 and 2000. The total processing amount
was projected to be 150,000 ton as dry rubber content in 1990 and 160,000
ton in 2000.

4,2 Basin DiﬁiSion

For the purpose of the Study, the land was divided into Basins each
being a river basin or a group of river basins as shown in Fig.5. Each
Basin is further divided into effective area and ineffective area. The
former is the upper part of the Basin in which part of the water uses was
assumed to return Into lower stretches of the river. The latter is the
remainder of the Basin, in which water used and surface flow originating
therefrom were assumed to run totally into the sea, The boundary of the
two areas 1s normally located below the lowest intake site, herein called
the balance point, in the major river in the Basin.  The total catchment
area, effective area, the location of balance point and assumed river

: maintenance flow (see Section 5.2) are as shown in Table 9.
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‘As shown in Fig.5, seven Basins in total are wholly or partly.
located in the States of Negerl Sembilan and Melaka. In the State of
Negeri Sembilan, located are most part of the Linggi Basin and a part of
the Langat, the Sepang, the Muar dnd the Pahang Basins, and small portion
of the Melaka and the Kesang Basins. 1In the State of Melaka, located are
most part of the Melaka and the Kesang Basins and a part of the Linggl
Basin,

4.3 Domestic and Industrial Water Denand

Domestic and industrial water demand was projected based on the
projected population and gross value of output in manufacturing sector
for 1990 and 2000. :

For the domestic water supply, it was assumed that the entire
population in the State would be fully served by piped water supply in
2000. -Assumption was made that 50% of the total industrial water demand
would be served by piped water supply. Table 10 shows the assumed per
capita dally use of domestic water and service factor. The unit net
manufacturing water use per gross value of manufacturing output by
commodity group was assumed as shown in Table 11.

In Negeri Sembilan, the total water demand will reach 131 million
cu.n/y in 1990 and 197 million cu.m/y in 2000 as shown in Table 12..
Major demand centers arée Port Dickson and Seremban among which Port
Dickson has the large demand for industrial water and Seremban has the
large demand for domestlc water demand in 200C. '

. In Melaka, the total water demand will reach 61 million cu.m/y in
1990 and 112 million cu.m/y in 2000 as shown in Table 13.' Major demand
centers are Melaka and Bukit Baru among which Melaka has the largest
demand for both the industrial water and domestic water in 2000.

All the urban water demand was assumed -to be supplied by surface
water both in 1990 and 2000. However, in Kota Bharu in the State of ;
Kelantan and in Sandakan and Labuan in the State of Sabah, groundwater
use was assumed. For rural water supply, the share of groundwater use
was assumed based on the estimated safe yield for each district.

The location of demand centers of domestic and industrial water is
shown in Fig.5.

4.4 Irfigatidn'Water Demand
(1) 'Negeri Sembilan

 The irrigated land development was projected taking into account
jnformation obtained from DID and the assumed rate of self-sufficiency in
domestic rice production in the State. As shown in Table 14, the
projected irrigation area will increase from 11,000 ha in .1980 to 11,700
ha -in 1990 and 12,100 ‘ha in 2000. The ratio of double cropping area to
the total irrlgation area is- 58% in 1980 and will be 68% in 1990 and 67%
in 2000. :
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The irrigation water démand was calculated for 1990 and 2000 as
shown in Table 15. Irrigation effilciency applied is 55% for both major
and minor-irrigation projects, The annual. irrigation water demand will
be 322 million cu.m in 1990 and 331 million cu.m in 2000, respectively.

{2) Melaka -

The irrigated land development was projected taking into agcount
information obtained from DID and the assumed rate of self-sufficiency in
domestic rice production in the State. . As shown in Table 14, the
projected irrigation area will increase from 8,600 ha in 1980 to 9,800 ha
in 1990 and 10,100 ha in 2000, The ratio of double_cropping area to the
total irrigation area will rise from 26% in 1980 to 447 in 1990 and 447
in 2000. .

The irrigation water demand was calculated for 1990 and 2000 as
shown in Table 15. 11r1gation efficiency applied is 55% for both major
and minor irrigation projects.. The annual irrigation water demand will
be 232 million cu.m in 1990 and 240 million cu.m in 2000, respectively.

4.5 Fish Pond Water Demand
(1) PNegeri Sembilan

The  future hectarage of freshwater fish pond was projected to
increase from 336 -ha in 1980 to 613 ha in 1990 and to 1,147 ha in 2000,
The total water demand for freshwater fish culture will vrise from 4.60
million cu.m/y in 1980 to 8.28 million cu.m/y in 1990 and to 15.59%
million cu. m/y in 2000,

(2) Melaka

The future hectarage of freshwater fish pond was projected to
increase from 84 ha in 1980 to 153 ha in 1990 and to 287 ha in 2000. The
total water demand for freshwater fish culture will.rise from 1,15
million cu.m/y in 1980 to 2.05 million cu.m/y in 1990 and to 3.92 million
cu.m/y in 2000.

4.6 River-Utilizétioh Ratio and Water Deficit

The relative burden of water use on a river is indicated by the
river utilization ratio, which is the ratio of water demand to natural
run~off. All natural flow cannot meet water demand, because it mostly.
runs to the sea as flood flow. It was estimated that natural flow would
often fail to meet all water demand if the river utilization ratio is not
‘less than 10% under. the hydrological condition in Malaysia., The area
with river utilization ratio of not less than 10% is, therefore, herein
-called the water stress area,  Table 16 shows the estimated long—average
natural run—off projected water ‘demand and river utilization ratio,

The river utilization ratio was calculated for each basin for 1990
and 2000 as shown in .Table 16, In the States of Negeri Sembilan and
Melaka, the four Basing among the concerned six were estimated to have a
river utilization ratio of more than 10% in 2000; the other two Basins to
have the ratio of less than 107%.
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Tn order to determine the total requirement fof'storage supply and
water diversion, the water deficit at the balance point was calculated
for each Basin, assuming the hydrological condition in the recorded -
pexiod.

Natural runoff in each basin was estimated on Suday basis, based on
datly hydrological records prepared by DID. The recorded period was 19
years from 1961 to 1979 for the Peninsular Malaysia and ranged from 10 to
15 years for Sabah and Sarawak.

Groundwater potential ig still to be clarified. Groundwater
development will be essential especially for the villages with difficulty
of access of clean surface watexr. Groundwater use 1s assumed for some
rural domestic water supplies based on the estimated safe yield in each
district. :

A part of water taken from a river returns to the river., It is:
‘herein called the return flow. The return flow from irrigated paddy was
assumed to be 20% of irrigation water demand within the effective area.
The return flow from domestic and industrial water use within the
effective area was estimated depending on the purpose of water use
ranging from 8 to 100%. :

The water withdrawal is herein defined as the net reduction in river
flow which is required to meet the water demand and it was calculated by
the water demand deducted by the return flow and groundwater use.

Certain discharge is necessary to sustain normal water use and
environmental condition in the river. 1t is herein called the river
maintenance flow as will be explained in more detail in Section 5.2. The
rate of river maintenance flow was assumed as shown in Table 9.

_ All the wdter demand can be met and all the water use can be
sustained if river flow is more than the sum of water withdrawal and
river maintenance flow, and if otherwicse river flow is in deficit. The
water deficit was caleulated by the water withdrawal plus river
maintenance flow less the natural run-off in each 5-day period.

The estimated water deficit varies depending on the assumed
hydrological condition. Among the hydrological conditions in the
recorded period of N years, that resulting the largest annual volume of
water deficit is herein regarded ‘as the driest condition and called 1/N

" - drought, that resultlng the secopd largest annual volume of water deficit

is called 2/N_drought, and so on. The estimated water deficit by Basin
under 1/N to 5/N drought is as shown in Table 17.

. The water deficit shown in Table 17 was calculated under without-dam
condition. Tf the estimated supply capacity of the existing and-
under-construction dams listed up in Table 6 1s taken into account, the
abovefmentloned water deficit will ‘be rediuced in Basins where dam 'is
located., It is noted that the water deficit in each Basin was calculated
only at the balance point and it indicates an overall balance in the
© Basin. There may be the cases that river flow is in deficit in some
section upstream of the balance point if major demand is located
upstream,
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4.7 Water Quality

To estimate BOD concentration in the river, BOD load flowing into a
river was calculated based on the water use by pollution source, In the’
States of Negeri Sembilan and Melaka, major pollution sources are the
domestic and industrial water users comprising 8 urban. areas, 10 palm oil
mills, 39 rubber factories, animal husbandry in the rural areas.

However, waste water from the following cities was assumed to be directly
discharged to the sea: Port Dickson, Melaka and Kelebang.

Tt was assumed that BOD concentration in the effluent remains at the
present level, except that the land disposal system is progressively
applied in the palm oil mills and rubber factories as shown in Table 18.
BOD concentration along the main streams of rivers was calculated for the
condition that the rate of run-off at just downstream of each outlet of
effluent was equal to the assumed rate of river maintenance flow at that
polnt, and the tesidual purification ratio varies in the range of 0.7 to
0.9 3ccording'to the characteristics of the rivers.

Discharge ratio, run-off ratio and BOD concentration assumed by type
of pollutiorn source for 1990 and 2000 are as shown in Table 19. A
portion of water is consumed by being incorporated imn products, by
evaporation and by leakage in the process it is used and treated. The
ratio of .water after consumption to that before consumption is called the
discharge ratio. A portion of water is again lost during the travel that
water 1s released by the consumer and it enters Into a river. The ratio
‘of water reaching the river to that discharged by the consumer is the
run-off ratio.

. The projected maximum BGD concentratioﬁ in Negeri Sembilan and
Melaka will be more than 10 mg/lit in 1990 and 2000. This projection
states that most rivers will be grossly polluted in 1990 and 2000,
because of the location of palm oil mills, rubber factories and
- inland-cities/towns such as Seremban and Kuwala Pilah.

4.8 Watershed Problems

Annual rate of soil erosion ranges from about 30 tons/sq.km in
natural forest to over 6,000 tons/sq.km in cleared land shifting
cultivation land. Soil erosion reduces productivity in soil and also
causes sedimentation in rivers. - Erosion potential was studied in
relation with soil erodability, slope and land use.

Present annual erosion rate is estimated to be 300 and 400
tons/sq.km for Negeri Sembilan and Melaka respectively. This erosion
.rate is generally high, because soils are erodable and natural forest has
been converted to other land to'a_lafge extent,

in Negeri Sembilan and Melaka, however, substantial reduction in
erosion is not expected from reforestrat101 in the presently disturbed
forest, because agricultural land occupying a large area is the major
contributor to eroslon. Reforestration in the disturbed torest can
reduce erosion in a long run.
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1f all natural forest on slope of less than 6 degrees 1s disturbed,
erosion rate will increase to 600 and B0O tons/sq.km for Negeri Sembilan
and Melaka respectively., An exerclse indicates that erosion rate is 350
and 600 tons/sq.km for Negeri Sembllan and Melaka respectively, if
natural forest on slope of less than 2 degrees is cleared and converted -
" to rubber farm. :

_ Based on these considerations, the following conclusions are
preliminarily drawm:

(1) TForest clearing should he limited within the land of 2 degrees in
slope.

(2) After clearing forest, such land'use'aszappropriately protecting
soils against erosion should be undertaken,

(3) As a long~term program for preservation of productivé forest and
s0il conservation, reforestation should be undertaken in the
disturbed forest, ' :

‘It has been believed that forest clearing results in reduction of

- low river flow and increase of flood discharge. Experimental records in
this respect in other countries are inadequate to draw conclusions
applicable to Malaysia. There are also some experimental data in
Malaysia but they are still insufficient for quantification. This aspect
has not been analysed, but this does not mean that the importance of
forest conservation in water resources conservation can be neglected.
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5. STRATEGIES FOR WATER RESOURGES DEVELOPMENT AND USE

5.1 Problem Areas

Water resources use can be classified into instream uses,
consumptive uses and emergy potential use. Imstream uses include
navigation, fish catch and recreation. Consumptive uses are domestic and
industrial water supply and lrrigation. Fnergy potential use is
hydropower generation. Water resources are liable to be deteriorated by
man-made actions. Rivers are polluted by sewage and industrial
effluent. Mining, logging, urban area development and road construction
increases sedimentation in the rivers. Water resources have adverse
characteristics such as drought and flood. Drought may constrain _
ordinary water uses. Rivers inundate vast lands and causes damages even
loss of life. :

Engineering measures are envisaged, corresponding to the
characteristics of water resources and their use. Maintenance of low
flow is required for sustaining not only instream water use but
consumptive water use and environmental quality. Domestic and industrial
water supply system and irrigation system and fishponds are provided to
give consumptive water users access to water, also adjusting water
quality to the use. When consumptive water use increases, competition
may take place among the instream water users and consumptive water
users, especially in the dry spell. Dams and basin transfer facilities
are source development measures to augment low flow in the river so that
all water uses can be sustained. Hydropower station is a measure to
develop hydroelectric potential. Pollution abatement is to adjust water
gquality to water uses and requirement from the viewpoint of environmental
quality.

The strategies for the water resources development and use are set
for the following categories:

(1) maintenance of low flow necessary forx sustaining'vérious
water uses and envirommental quality;

(2) dévelopment of_watef sﬁﬁply and irrigation systems;

{3) source developmént for bélancing water demand.and suﬁply;
(4) hydropower development; |

(5 “conservation of water quality; and

" (6) flood mitigation.

5.2  Maintenance 6f Low Flow

Water has been utilized as need arises without causing any hazard
yet to other water use in most rivers in Malaysia. The reduction of
‘river flow due to intensified water use will, however, hurt various water
users. The adverse effect of a small reduction of river flow may not be
hazardous, but hazard becomes significant and irretrievable if small

raeductions accumulate.
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It is proposed to establish the concept of river maintenance flow.
The river maintenance flow is the minimum discharge which is required to
maintain water depth flow velocity, water quality, channel stability,
aquatic eco-system and scenery to the extent necessary for navigation,
fish catch, operation and maintenance of intakes, maintenance of river
facilities, sea water repulsion, prevention of estuary clogging,
conservation of groundwater, preservation of riparian land and people’s
amenity.

The river maintenance flow is the indicator of the allowable limit
of water withdrawal from the river and is to be considered in allocating
and developing water resources. Water withdrawal should not be
increased, 1f it is expected to impair the river maintenance flow
frequently. Sourcy development such as construction of dam and inter
basin water diversion system will be conducted, if it is necessary to
augment low flow in the river to allow expected ‘increase in water
withdrawal, while sustaining the river maintenance flow. An estuary
barrage will be constructed, if it contributes to the reduction of the
required rate of river maintenance flow through preventing sea water
intrusion and through maintaining water level for the intakes located in
the estuary area.

The river maintenance flow should be sustained to the extent
possible, but its temporary reduction can be allowed to a certain
extent. The river flow which corresponds to the subsisteﬁce level of
water uses is herein called the essential river maintenance flow. The
river maintenance flow may mot be reduced to the essential river
maintenance flow even if an extreme drought takes place. When the
essential river maintendnce flow is needed to be sustained under any
drought, water withdrawal from the river should be reduced.

The river maintenance flow should be determined individoally for
each river, based on the conditions particular to the river. The river
'maintenance flow may require a costly development, if its rate is set
considerably high: Tt should be determined based on the minimum
requirement in each river. On the other hand, the river maintehance flow
should not be so low as the recorded minimum flow, which is too small to
sustain the existing water uses and environmental quality. It is
preliminarily assumed that the rate of river maintenance flow is equal to
the daily natural discharge of 977 in probabllity of exceedence as shown
in Table 9 and that of essential river maintenance flow is equal to the
daily natural discharge of 99% in probability of exceedence, referring to
“examples in several countries.

© 5.3 Development of Water Supply and Irrigation Systems

Water supply system-and irrigation system have ‘been developed, in
order to transmit water from sources and to distribute 1t to the
consuming ends. '

Domestic. and industrial water supply is conducted along with the
objectives of national economic development, ‘regional development and
social well-being improvement. The service factor of urban water supply
system is already high, and the development of rural water supply system
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has been forcefully promoted in the recent years. - Taking into account
the Government policy prevailing, it is assumed that the public water
supply system will be developed to supply domestic water to all people by
2000 and to supply 50% of industrial water, except that 10% of rural
people in Sabah and Sarawak will still not be publicly supplied, beuause
of remoteness and nonmavailability of - suitable water source.

Irrigation develoment_on paddy, including the tertiary development
is carried out aleong with the objectives of national economic :
development, improvement of food self-sufficiency and increase In
farmers’ real income. It is assumed that the irrigation facilities will
be provided in accordance with the projected land development schedule.

5.4 Source Development

'Balancing water demand and supply is the requisite for water
resources development and use.. The water demand projection was made
assuming that concerned agencies would take appropriate measures for
watér saving such as recyclic use of water and inctease in efficiency of
facilities and utilization of sea water. Where frequent water deficit
are foreseen even with these water saving wmeasures, the development of
source facilities such as water storage and/or interbasin diversion are
proposed. '

The strict adherence to the river maintenance flow will result in
the construction of costly facilities even in the rivers in which water
use is small compared with natural flow. Analysis showed that all the
water demand could be met for more than 85% of time in the rivers of less
than 10% in river utillzation, if a temporary reduction in the river
maintenance flow to a minor extent is permitted, With these
considerations, it is proposed that the source development should be
implemented only in the rivers in which the river utilization ratio will
be wmore than 10%.

5.5 Water Pollution Abatement

Water pollution abatement is considered from the viewpoint of
environmental quality and maintenance of water uses. River water can be
treated ordinarily for domestic and industrial use, if "its quality is on
an adequate level from the viewpoint of envirohmental'quality.

The eoncept of water quality standard in the river should be
established as the indicator showing the target of water pollution
abatement, which is performed by reducing pollution load discharged into
the river.

The biochemical oxygen demand (BOD) is the oxygen used to meet the
metabolic needs of aerobic micro-organisms in water rich in organic
matter, Self—puriflcation ‘mechanism of river is greatly reduced ‘and the
aquatic ecosystem is also affected if BOD concentration in the rivers is
more than 5 mg/lit. Odour occurs if the BOD concentration’ is’ over 10
mg/lit,; Pre-treatment is necessary if BOD concentration in raw water is
more than 2 mg/lit for domestic water supply and 5 mg/lit for industrial
water supply. River water quality standards in terms of BOD -
concentration in several countries are illustrated in Fig.6. ‘The target
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for water .pollution abatement is set in terms of BOD concentration in the
river, because BOD concentration: is the most common and important
parametexr of manwmade pullution of inland water., '

The measures for'organic prollution abatement in the river are the
improvement of purification system of effluent from the palm oil mills
and rubber factories as well as public sewerage development.

5.6 Hydropower Development

Power demand in Malaysia is growing at a high rate, while the
existing power supply system largely depends on thermal power. Nation’s
energy policy directs the development of hydroelectric potential and the
saving in fuel resources.

Hydroelectric poténtial in Sarawak has been estimated to be more
than 20,000 MW. The Upper Rajang Hydroelectric Development 1s being
studied in order to develop hydropower of 4,550 MW 'in the upper Rajang
river in Sarawak. Power generated will be transmitted not only to Sabah
and ‘Sarawak but to Peninsular Malaysia by constructing submarine
transmission line of 700 km. The total construction cost of the
development has been estimated to be M$1l billion including the
interconnection system. Further development.including power supply to
ASEAN countries has also been envisaged.

Due to uncertainties in the inter-connection systems for power
transmission to Peninsular Malaysia and Sabah and also in the
establishment of energy intensive industries in the State of Sarawak,
this vast potential is, however, assumed to be 'made available only after
the year 2000. The strategy of hydropower development is thus set to
contribute to bridge power demand and supply balance up to 2000.

- According te a recent projection by NEB, the maximum power demand ‘in
_Peninsular Malay91a in- 2000 will be 9, 140 MW while the installed

- capacity of existing and under construction hydropower totals only 1,206
MW at present. It is recommended that all known potential of economical
hydropower of 1, ,026 MW in Peninsular Malaysia should be developed by 2000
for the maximum contribution in balancing power demand and supply.

There is a 1arge power potential in Sabah and Sarawak in addition
to that in the Rajang river. The maximum power demand in 2000 has been
projected to be a little over 1,000 MW each. Although power demand is
generally fragmented into small isolated demand centers, hydtcpower
developmenL ahould be envisaged for such major demand centers as Kota
Kinabalu in which the maximum power demand will be 460 MW in 2000 and-
Kuching in which the maximum power demand will grow to' 295 MW by 2000.
Such hydropower development should be capable of supplying to Tawau,
Sandakan and Labuan if some or all of them are interconnected with Kota
Kinabalu. It is recommended to develop hydropower in Sabah and Sarawak
to such an extent that the incremental power demand in major demand
centers can be met ap to 2000.
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5.7 Flood Mitigation

Flood mitigation contributes to the national economic development
and social well~being by reducing flood damage and protecting people’s
life. The measures for flood mitigation should be provided in conscnance -
with the socio-economic development.

The structural measures for the fldod mitigation are channel
improvément, bypass floodway, polder, flood control dam and their
combinations as described below:

(13

(2)

(3)

(4)

.Channel improvemeht: Channel improvement will increase the

discharge capacity of river by reshaping the river channel and
constructing lavees including protection work against erosion and
sedimentation in the river.

Bypass floodway: Bypass floodway is a shori-cut canal for flood
where there are certain constraints for channel improvement.

The discharge capacity of the floodway is usually determined to
allow releasing the excess water of the original channel.

Polder (Ring Bund): Polder is a ring bund to protect an area
of high damage potential, Tt includes the construction of
drainage canal and drainage pump for the protected area.

Flood control dam: A flood control dam will retain flood
temporarily. A single purpose flood control dam can hardly be
justified, unless the flood damage is tremendous. The inclusion
of flood control purpose into the dams proposed for other purposes

: is'etudled. The flood control space in the dam is determined to

reduce the design flood discharge to 1/4 as a rule.

_ .Nonéstructural measureg are proposed fqr such river stretch. as where
structural measures are not applicable or where supplemental measures are

required.

They are the restriction of development and resettlement plan

as described below:

(1)

(2)

Restriction of development: The restriction of development is
the control of damageable values in the flood vulnerable areas
by restricting new development.

Resettlement plan: The resettlement piaﬁ is also the restrietioh
of development but it includes the resettlement of people.

In addition to the above-mentioned measures, flood forecasting and
warning system is proposed for some river basins having more than 5, 000
1nhabitants liable to flood hazard as shown in Table 20.

5.8 Inland Fishery '

Development of inland fishery contributes to the national economic
development and social well-being by providing fish protein source and
for eradicating poverty through providing employment opportunity in rural

areas.
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Inland. fisheries activitles comprise fishing and culturing in
various waters such as rivers, lakes and reservolrs, tin mining pools,
- paddy filelds, constructed ponds and mangrove areas. Along with the
Government ‘s policy for fish culture development presented in 4MP, the
areal development was estimated in this Study. The beneficial and
adverse effects of inland fishery development are shown in those of
recommended plan for water demand and supply balance.
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6. ALTERNATIVE STUDIES

6.1 Scope of Alternative Studies

In Chapter 5, the rate of river maintenance flow was provisionally
assumed and the targets for domestic and industrial water supply,
irrigation, water demand and supply balance and hydropower development
were set.  Herein presented are such alternative studies as those for
water demand and supply balance plan by varying risks in supply,
hydropower development plan by power supply system development plan,
pollution abatement plan by target water quality standard, and flood
mitigation plan for varying target of protection. Hydropower development
alternatives are presented only for Sabah. For Peninsular Malaysia, it
was assumed that all the known power ‘potential should be fully developed
by 2000 following the preliminary development schedule prepared by NEB.
For Sarawak, as mentioned in 5.6, the hydropower potential was assumend
to be so developed as to bridge demand and supply up to 2000.

The criteria for alternative setting and for comparison of the
public expenditure and beneficial and adverse effects of alternatives are
described hereunder, wherein, costs and effects were all estimated based
on the criteria described in Chapter 7.

6.2 Water Demand and Supply Balance Alternatives

Both the instream water use and the consumptive water use can be
sustained if river flow is more than the river maintenance flow. 1f
otherwise, river flow should be augmented by developing source facilities
such as dam for regulation of river flow or diversion facilities to
transfer water from s river to another. A source development plan was
proposed for each water stress Basin of which river utilization ratio in
the projected year would be not less than 10%Z and the ex1sting source
facilities could not meet the estimated water deflcit.

_ Natural flow varies not only seasonally but from year to year to a
large extent. Any measures cannot meet all water demand under an.
extremely dry condition. In planning source facilities, water supply
_capacity is usually determined allowing a certain risk. If the risk is
set considerably small, the source facilities are costly and if
otherwise, adverse effects such as reduction in production and people s
dissatisfaction may take place. The wate? demand and supply halance
'alternatives were proposed assuming different levels of risk.

Alternative sizes.éf the proposed source facilities were determined
based on the following criteria:

Alternative Bl: The supply capacity of source facilities is
determined against the driest condition ever
recorded; 1/¥ drought where N denotes the length
of hydrological records in years.

Alternative B2: The supﬁlyICapacity of source facilities is

determined against the second driest condition
ever recorded; 2/N drought.
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Alternative B3: The supply capaclty of source facilities is
determined against the fourth driest condition
(A/N drought) for Peninsular Malaysia and the
third driest condition (3/N drought) for Sabah and
Sarawak, ever recorded. This was proposed based
on the difference in the length of hydrological
records. (These conditions approximately
correspond to 5-year drought according
to Hazen’s plotting method.)

"A dam is constructed to retain water in the flood period and release
it to augment river flow for the use in the dry period. Once a dam is .
constructed, inflow into the dam can be retained at any time, so far the
storage capacity is availlable. It is required for a dam to reiease water
at a rate which, together with the natural flow from the downstream
. catchment area, is sufficient to supply water demand while sustaining the
river maintenance flow. In other words, the supply capacity of a dam is
determined to supply all the water deficit, By doing so, the dam can
develop water to meet the future water demand not affecting adversely on
the existing water users,

The proposed dams were those either identified on 1/63 360 or
1/50,000 maps or propesed in previous studies. The water supply capacity
of each dam was estimated based on hydrological record and on assumed
storage capaclty, The total water supply capacity of the proposed dams
in a basin was determined to meet the total water deficit in the basin,
‘allowing an operational loss which was assumed to be 10 to 20% of the
water deficit,

If the total water supply capacity of .all the proposed dams in a
basin is not enough, diversion of water from other basin was proposed
and, if necessary, the constructicén of a dam in the latter basin was
further proposed. :

In the States'of Negeri Sembilan and Melaka, the water stress areas
are the Sepang, Linggi and Melaka Basins. The Muar river is. important in
water resources development in the two States. It is noted that the
States of Negeri Sembilan, Johor and pPghang share the Mvar river basin.
The Kelang valley where located are thé Federal Territory and other large
towns of the State of Selangor, is a serious water stress region. It
will need transfer of water from outside of the Selangor State, even all
the storage potentials within the State are developed. The alternative
plans include two dams for the purpose of diversion of water to the
Kelang valley region.

The estimated public development expenditure and manpower :
requirement showed a large differences among the alternatives, indicating
that a high guarantee of supply would be costly and requires a large
manpower., A high guarantee of supply would bring a low value of internal
rate of return, because benefit is little sensitive to the risk of
supply. Alternative Bl can guarantee safe supply all the time even under
the driest condltion ever recordéd but some interruption in safe supply
have to be involved in the other alternatives. Considerations were made
also of adverse effects such as removal of people from the proposed
reservoir arveas and change in fish fauna, and beneficial effects such as
fish culture and recreation in a lake created.
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It is recommended that Alternative Bl should be selected for the
Basins where domestic and industrial watet demand is predominant in
accordance with the common undérstanding in Malaysia that domestic and
industrial watexr supply should be sustained even under the serious
drought.-,

Irrigation faeilities have’ been designed against a drought of 5~year
in return period in Malaysia, this criterion corresponds to the criteria
in Japan, Korea, Indonesia and other countries in Southeast Asia. Under
the condition that irrigation demand is already high, grading-up of the
above-mentioned criterion will immediately require a large investment for
source development. With these considerations, it is recommended to
select Alternative B3 for the Basins where water is predominantly used
for 1r11gation.

The location of potential and proposed water source facilities is
shown in Fig.7 for Alternative Bl., The alternative plans for water
demand and supply balance are shown in- Tables 21 through 23 for
Alternatives Bl, B2 and B3 respectively.

6.3 Hydropower Development Alternatives

A hydropower development plan for Penimsular Malaysia was
recommended without altermative study.

6.4 Water Pollution Abatement Alternatives

g TWo alternative plans for water pollution abatement. were proposed
setting target BOD concentration in the :iver as mentioned below,

Alternative P1: 5 mg/lit in BOD concentration in 1590 onwards

Alternative P2: 10 mg/lit in BOD concentration in 1990 onwards

If the reduction of BOD concentration in a stretch of a river is
found necessary te attain the target, the improvement of puriflcatlon
nethod in all palm oil mills and rubber factories in the river was, first
of all proposed. - The Basins where the. 1mprovement was proposed for both
the alternatives for 1990 and 2000 were the Langat, Sepang, Linggi,
Melaka, Kesang and Muar Basins,

If there still remains a river stretch of higher BOD concéntration
than the proposed limit, the construction of a sewerage system in the
urban area: upstream -of the river stretch was proposed: the public.
_sewerage system in Seremban was proposed for the two alternatives.

‘ No treatment measures were assumed for the sewage from the towns of
less than 50,000.1in population and rural areas and for the effluent from
animal hushandry. With these conditions, it was estimated that some
river stretches in.the west coast of Peninsular Malaysia would show
higher BOD concentration than the target value,
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The ordinary treatment methcd for. the domestic water supply is the
sedimentation, filtration and chlorination, if BOD .concentratlon in raw
water is not more than 2 mg/1it. The ordinary treatmant method fotr the
industrial water supply is the sedimentation, if BOD concentration in raw
water is not more than 5 mg/lit. pre-treatment facilities are needed to
'varying extent for taw water with BOD concenfration above these limits.
For BOD concentration in raw water more than the above—mentioned limit,
but not more than 20 wg/lit, pre-treatment is cart¥ied ocut by the rapid
gsand-filter bed and activated carbon absorption (secondary tredtment).
For BOD concentration betweéen 20 and 200 mg/lit, an aerated lagoon
process such as aerated lagoon or maturing pond (primary treatment) is
further needed. The cost for pre-treatment facilities was taken into
account. for the economic comparison of the alternatives, :

The public development expenditure and manpower Tregquirement were
estimated in this Study to hardly vary betweéen the two alternatives. The
results of economic benefit cost analysis also showed little difference
between the alternatives although the economic cost is larger tham the
economic benefit, the water pollution abatement should be conducted from
the viewpoint of environmental and social well-being impacts. Meanwhile,
the problem is that the public development expenditure and manpower
- requirement would be largely concentrated in the earlier part of
development, i.e,, in 4MP and 5MP periods. In order to avoid this
concentration, it is necessary to slow-down the rate of development up to .
1990, With these considerations, it is recommended that the pollution in
the river should be. gradually abated by setting the target BOD
concentration at 5 mg/lit for 2000.

6.5 Flood Mitigation Alternatives
Three alternatives are:proposed for the flood mitigation:

Alternative Fl: Structural measures are providéd.by 2000 for the
entire viver -system to protect 90% of people
within the flood prone area.

Alternative F2: Structural and non-structural measures'are
provided by 2000 for densely populated areas to
protect 50% of people within the flood prone area,

Alternative F3: Structural and non-structural measures are
: provided ‘by 2000 so far as -such measures are
economically viable.

The return period of design flood is assumed to be 20-year for the
river stretch where the estimated annual flood damage is less than
M§20,000/km and the population is 500 persons/km, and 50-year for the
other river stretches, but 100—year if loss of 1ife has been recorded.

The problem rivers were divided into stretches of 30 to 60 lem in
length. The measures explained In Section 5.7 were compared and the most
economical measures was selected for each river stretch. The resulted
alternative plans for the State are as outlined in Table 24,
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Alternative Fl appeared to require a prohibitively large expenditure
for the whole Malaysia, Alternative F3 should be implemented 1f
' conqldered from the viewpoint of national economic development, but it
will increase the disparity between developed ‘and underdeveloped areas.
Taking into account the fact that social well-being objective has been
emphasized through discussions between Malaysian Government officials and
the Study Team, it is recommended that Alternative F2 should be taken up
for the period'up'to 2000; '

The flood mitigation alternatives including Alternative F1,F2 and F3
are illustrated in Figs.8 through 10.
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7. RECOMMENDED PLAN .

A Water Resoutces Development and Use Plan 1s recommended, based on
the comparison of alternatives. Itg outline is illustrated in Cover
Map. '

7.1 Public Water Supply.and Irrigation Development Plan

public water supply system 1nc1uding WD and WA systems and RESP
system is recommended to be provided to meet all the urban and rural
domestic water demands and 50% of industrial water demand by 2000 in
accordance with the-plan shown in Tables 25 through 27. However, 10% of
the rural people in Sabah and Sarawak will still not be publicly
supplied, because of the remoteness and non-availability of suitable
water source.

Irrigation water supply system will be constructed in accordance
with the schedule assumed in Table 14.

7.2 Source‘Development

The recommended water source development plan for balancing'water
demand and supply is summarized in Table 28. The water source
development plan in the problem area is mentioned hereunder.

Fig.ll illustrates the recommended water ‘demand and supply program
for Melaka-Muar reglon ‘Sepang and Linggl river basins.

7:2.1 Melaka/Muar region source development plan

Population in the Melaka river basin is’estimated to be 372,000 for
1980, 414,000 for 1990 and 426,000 for 2000._ Irrigation area of 6,400 ha
in 1980 will increage to 7,200 ha in 1990 and 7,500 ha in 2000. The
proportion of demestic and industrial water demand is going to increase
in the total. demand which is estimated to be 166 millicn cu.m for 1980,
224 million cu.m for 1990 and 281 million cu.m for 2000. There are the
Durian Tunggal dam of 48 million cu.m/y in water supply ‘capacity in the
Melaka river and the Asahan dam of small supply capacity, both supplying
domestic and industrial water. Water demand and supply seem to be just
balanced at present and there is no other suitable dam site to meet the
incremental water demand in the future, because of small basin area with
flat topography.

Population.in the Muar river basin is estimated to be 552 000 for
1980, 606,000 for 1990 and 629,000 for 2000.. There are minor irrigation
projects of 7,000 ha and it will grow to 8,600 ha by 1990 and 9,100 ha by
2000. Total water demand in the basin, is estimated to be 227 million
cu.m for 1980, 308 million cu.m for 1990 and 358 million cu.m for 2000.
Water resources are ample but possible dam gites are limited, because
land 12 flat and intensively cultivated.
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The recommended plan includes the Palong dam in the upper reaches of
the Palong viver, a tributary of the Muar river, the Muar dam in the
uppermost reaches of the Muar river, the Muar barrage in the lower
reaches of the Muar river and a diversion canal between the Muar barrage
and Melaka . . : :

~ 'The plan includes water resources development in the States of
Negeri Sembllan, Melaka and Johor. The dams needed for balancing water
demand "and supply in other states than those where the dams are located
should be planned to store flood water for diversion; while such amount
of low flow as required for use including the river maintenance flow
should be released to the rivers where dams are located for the use
within the Stdte. By planning so, the facilities can provide more stable-
flow to the users within the State and also they can contrlbute to flood
'mltlgation in the State.

7.2.2 Water tramnsfer to the Kelang valley region

The Kelang valley region is most populated and industrialized region
in Malaysia. Total population is mostly urban and it is estimated to be
1.8 million for 1980,.2.7 million for 1990 and 4 million for 2000.
Domestic and industrial water demand was already 367 million cu.m or 34%
of natural flow, in 1980 and it will grow to 686 million cu.m/y by 1990
and 1,091 million cu.m/y by 2000, even if water intensive industries
remain at 1985 level, '

' There are 2 dams in operation, one dam under comsttuction and one
dam under ‘detalled design within the State of Selangor. Herein the
‘construction of 3 additional dams is proposed within the State, but the
supply capacity is still insufficient. It is necessary to develop and
divert water in tributaries of the Pahang river for the use in the Kelang
valley by constructing 3 more dams, of which the sites of the Kenahoi and
Kongkoi dams are located within the State of Negeri Sembilan.  The dams
needed for balancing water demand and supply in other states than those
where the dams are locatedrshould'be planned to store flood water for
diversion,_while_such amount of low flow as required for use including
the river maintenance flow should be released to the rivers where dams -
are located for the use within the State. By planning so, the facilities
‘can provide mere stable.flow to the users within the State and also they
can contribute to flood mitigation in the State. '

7.2.3 Sepang river basin source development plan’

Population in Port Dickson is estimated to be 42,000 for 1980,
55,000 for 1990 and 72,000 for 2000. Domestic and industrial water
demand in Port Dickson and it$ vicinity will grow high even if the
establishment of water intensive industries are restricted. Tt is |
estimated to be 30 million cu.m for 1980, 71 million cu.m for 1990 ‘and
111 million cu.m for 2000. It is necessary to divert water from other
basin to meet the future water demand, because rivers near Port Dickson
are small.

It is recommended to construct the Teriang:and:Gelaml dams in the

Teriang river system of the Pahang rlver basin and to draw water
therefrom to Port Dicksoun.

- 32 -



7.2.4  Linggi river basin source denélopment plén

There are 4,100 ha of minor irrigation projects in the Linggi river
basin and they will increase to 4,300 ha by 1990 and 4, 400 ha by 2000 .
Population in the river basin inuluding Seremban of 3?1 ,000 in 1980 will
grow to 385,000 by 1990 “and 486 ;000 by 2000. Total water demand
estimated to be 135 million cu.m for 1980, 143 million cu.m for‘1990 and
178 million cu.m for 2000 is high compared with the size of the Linggi
river, The recommended project is the Terip dam in the upper stretch of
the Linggl river.

7.3 Water Pollution Abatement Plan

The recommended plan for the water pollution abatement in the river
1s the construction of public sewerage systems in Seremban and the
improvement of purification method in palm oll mills and rubber factories
in the Langat Sepang, Linggi, Melaka Kesang and Muar Basins. .

Although it is ineffective for the water pollution abatement in the
river, sewerage development in Port Dickson and Melaka 1s assumed from
the viewpoint of public health.

The recommended plan for water pollution abatement including the
assumed sewerage development 1s shown in Tables 29 through 32.

7.4 Flood Mitigation Plan

The recommended plan for flood mitigation 1s mentioned hereunder and
is summarized in Table 33.

'7.4.1 Linggi river flood mitigation plan

The Linggi river flooded 122 sq.km in 1971. The recommended plan
inclides channel improvement for 15 km in the upper ¢tretch of the main
stream to protect Seremban and its environs, 14 km in the upper stretch
of the Sipur river, a tributary, and 12 km in the Bharu river which is
‘southwest adjacent to the Linggi river to protect people and paddy
field., Speclal attention should be paid not to cause sedimentation in
the river along which land development is carried out, because
sedimentation has obviously deterior&ted the channel discharge capacity.

7.4.2 Melaka river flood mitigation plan

The Seri Melaka river flooded 82° sq.km including Melaka town in
1971.  The recommended plan 1s the construction of a 5 km-long bypass
floodway to protect Melaka towm by draining swamp which is extending
upstream of the town.

7.4.3 Kesang river flood mitigation plan

The Kesang river flooded 114 ﬁq.km in 1971. A temporary channel
improvement has been completed for the lower stretch up to the confluence
of the Kesang river and the Chohong river. The recommended plan is
widening of the above-mentioned river stretch and improvement of the
Chohong river approximately as scheduled under 4MP.
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74,4 Muar river flood mitigation plan

.. Flat valley of the Muar river is intensively utilized for paddy
cultivation. Flood in 1971 inundated an area of 380 sq.km in which
50,000 people live. The recommended. plan for protection of paddy field
includes channel {mprovement for 20 km in the upper stretch of the Muar
civer, 16 km of the Jempol river and 17 km of the Gemanche river and
-1ntegration_of a flood control space of 24.4 million cu.m In the Muar dam
which is proposed for balancing water démand and supply.

7.5 Cost Estimate

" The construction costs of the proposed facilities were estimated at
the constant price in December, 1980,

The constructlon costs ‘consist of direct conmstruction’ cost (contract
amount), engineering and administration land acquisition and physical
contingency. The direct construction cost was estimated based on the
actual costs and previous estimate for similar projects in Malaysia.
Major unit costs assumed are listed in Tables 34 and 35. The physical
‘contingency was assumed to be 30%. The construction cost is disbursed in
five years antecedenf{ to the year of commission of the proposed
facilities. The construction cost of the untreated rural water supply,
however, was assumed to be disbursed in one year exceptionally.

"The constructlon costs were estimated for all the proposed
facilities to be commissioned in 1985 onward, includlng storage and
diversion facilities, domestic and 1ndustr1al water supply system,
irrigation system, flood mitigation facilities and public sewerage
system, but the sunk cost was not estimated.

" The facilities recommended for the Melaka/Muar region source
development plan serves for thé water demand and supply balance in the
States of Negeri Sembilan, Melaka and Johor as well. The expenditure
shown in Table 36 represents the whole cost for these sourceé facilities.
The other facilities costs of recommended plans are estimated by each
State of Negeri Sembilan, Melaka and northwest Johor as shown in the same
Table. : :

The purification facilities for the palm oil mills and rubber
processing factories were assumed to be privately financed.

‘According to the present practice, it was assumed that the
construction cost of sewerage system borne by private sector is the house
connections in the existing town area, and branch sewers and house
connections in the new town areas. In estimating the sewerage treatment
capacity in the new town area, it was assumed that the population within
the existing town area will remain unchanged and the treatment capacity
is allocated in proportion to the population. :

.The development expenditure and recurrent éxpendlture in'public

sector for the recommended plan was estimated as shown in Tables 36 and
37. .
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746 Beneficiai'énd Adverse Effects

The beneficial and adverse effects of the recommended plans were
‘evaluated from the viewpoints of national economic development,
environmental quality and social well-being. The beneficial and adverse
effects of the recommended plans comprising each aspect of pational
economlc development, environmental quallity and social well-being are
presented in Tables 38 and 39 for water demand and supply balance, in
Table 40 for water pollution abatement and in Table 41 for flood
mitigation.

It isfnofed that the beneficial and adverse effects presented in the
above Tables 38 through 41 include those to be accrued within the States
of Negerl Sembilan and Meleka and those to be acerued in the northwest
Johor. '

7.6.1 National economic development

The beneficial and adverse effects of the recommended plans for the
national economic development account are calculated as the annual
equivalent of economic benefits and costs, assuming a discount rate of 8%
for an evaluation period of 50 years between 1981 and 2030.

The prices of internationally traded goods and services were
estimated based on the World Bank projection up to 1990, or the
'international market price in December, 1980. The prices of locally
traded goods and services were the normalized priee in December,'1980.
The transfer payments such as tax and local contractors’ profit are
deducted from all prices. The ratio of transfer payment to the financial
cost was assumed to be 20% of financial cost referring to the ratio of
tax revenue to GDP at purchasers’ price in 1980 in 4MP.

The domestic and industrial water supply benefit was estimated based
on the least-costly alternative facilities cost criteria. The cost of
the above-mentioned alternative facilities including dams and the
proposed intake, conveyance, treatment and distribution systems is
regarded as the benefit of domestic and industrial water supply without
drought damage,

There should be established a rule for the emergency operation
against the drought in which both the rate of water withdrawal and rate
of river maintenance flow should be sustained as much as possible and the
river flow. should be kept not below the essential river maintenance
flow. HRerein a simplified rule was assumed: water withdrawal for use
continues until. the river flow after the water withdrawal lowers to the
essential river maintenance flow and thereafter the water withdrawal is
reduced so that river flow no longer lowers, Consequently, the reduction
in supply for domestic and industrial water and irrigation water is
calculated through the period in which run—off record is aVailable,
allowing low flow after the water withdrawal to be equal to the essential
river maintenance flow. = The reduction in benefit is calculatedrassuming
that it is proportional to the reduction in the Supply;

The economic farmgate price of paddy during the evaluation period
was estimated to be M3640/ton based on the projected price of 57 broken
rice, FOB Bangkok. Estimated paddy yield, gross value, production cost
and net value are estimated for 1990 and 2000 as shown in Table 42. The
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hectarage of newly reclaimed land and upgraded lands from rainfed paddy
to irrigated or control drainaged paddies, single crop to double crop and
minor scheme to major scheéme were estimated for the future.. Then the
irrigation beneflt is obtained as the incremental net production value.

The sewerage benefit is the willingness~to~pay by ‘served people and
saving in the cost of purification of industrial waste. It was herein
assumed to be 0.6% of real income of served people and to be the same
percentage of gross value of manufacturing production of served
industries.

Pre-treatment facilities are necessary if BOD concentration in raw
water is more than 2 mg/lit for domestic water supply and 5 mg/lit for
industrial water supply. Its costs can be saved, i1f the proposed watey
pollution abatement measures reduce BOD concentration in the river below
this limit. This saving in cost is counted as a part of water pollution
abatement benefit.

Under the flood mitigation benefit, average value of reduction in
annual damage by the proposed measures only is counted, while land
enhancement benefit is countéd in the irrigation bemefit. It is assumed
that the damageable value in the flood prone area will increase alt a rate
of gross regional product of the state.

- The fish culture benefit was estimated to be Ms2, Oodlha for the fish
pond and M§l1.6 million/réservoir for the cage culture in the created
reservoir. '

Benefit of the created lake recreation is estimated by
willingness—to-pay of the visitors to the lake. The willingness-to-pay
is measured in terms of the travelling, or fuel cost of the vehicles to
the recreation area. The said cost is assumed to be M$0.1/km.

" The econcmic cost is calculated as the annual equivalent of the

. construction cest and OMR cost. It is noted that ‘the private sector cost
of industrial water supply facilitiles, purlfication facilities in palm
0il mills and rubber factories and sewerage facilities are included in
the economic cost of water pollution abatement measures.

The econonic 1nternal rate of return (EIRR) is calculated as the
discount rate with which the present worth of benefit equals to that of
cost,

7.6.2 Fnvironmental quality’

The banefioial'aod'adverse effects of the recommendedfblans f;om.the
viewpdint of environmental quality are déscriptively'displayed.

The river maintenance flow is the requisite for the conservation of:
river: environment and adequaLe water use. The effect on the river
maintenance flow is evaluated as the number of days when the river
maintenace flow can be sustained in the driest year ever recorded.

The water surface of created reservolir provides favorable scenery,

place of recreation and enhancement of wildlife.' The beneficial effect
of created lake is counted by the water surface area.
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The, reduction in léhgtﬁ of river stretches in which BOD
concentration will be more than Smg/lit is regarded as the beneficial
effect of water pollution abatement. '

The channel improvement stabllizes the river chamnel and provides
favorable condition for navigation and other instream water use. The
length of improved river stretches is counted as a parameter showing the
beneficial effect on environmental quality,

If a dam is constructed, some species of fish would probably
disappear in certain length of river stretch immediately downstream of
the dam showing an adverse effect on ecological system, though such
adverse effect can be compensated by possible cage culture in the created
reservoir. '

7+6.3 Social well-being

The income increase, health improvement, life saving, and reduced
risk in water supply are counted as the beneficial effect from the
viewpoint of social well-being. The adverse effect is the inevitable
removal of people for the purpose of construction of proposed
facilities.
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8., PLAN UNDER THE CONDITLION OF LOWER ECONOMIC GROWTH

8.1 Assumed GDP Growth Rate

© The recommended plan mentioned in the foregoing Chapter 7 is based
on an assumption that the growth rate of GDP is 7.7% in the period from
1980 to- 1985, 8.4% from 1985 to 1990, and 7.5% from 1990 to 2000, in
accordance with 4MP and OPP.

For reference, a plan under a lower economic growth was prepared,
‘assuming that Malaysia’s economy might be affected by a loung-lasting
. world-wide economic depression. The growth rate of GDP assumed was 7% in
the period from 1980 to 1985, 6% from 1985 to 1990, and 5% froem 1990 to
2000.

8.2 Parameters Predominantly Related to GDP Per Capita

The parameters dominated by GDP per capita are the urbanization
ratio, share of manufacturing sector in GDP, gross value of industrial
output, power consumption per capita, domestic water consumption per
capita and value of flood damage, so far related with the water resources
development and use. These parameters under the condition of lower
economic growth were estimated assuming a functional relationship with
GDP per capita.

8.3 Assumed Targets

The service factor and per capita daily use (PCDU) in domestic water
supply and rate of irrigation development may be affected by the economic
growth and by the socio~economic policy as well. It is herein agsumed
that, in case of the lower economic development, the target service
factor and PCDU in domestic water supply for 2000 is delayed by five
years but the rate of irrigation development does not change even under
the lower economic development. The estimated service factor and PCDU
under the condition of lower economic growth are shown in Table 43.. The
domestic and industrial water demand estimated under the conditiom of
lower economic growth is shown in Tables 44 and 45.

8.4 Development Plan

The development plan under the condition of lower economic grdwth is
tabulated in Tables 46 through 53.
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8.5 Public Expenditure

The public development and recurrent expenditures are estimated for
the case of lower economlc growth as shown in Tables 54 and 55.

8.6 Beneficlal and Adverse Effects
The beneficial and adverse effects of the water resources

development and use plan for the case of lower economic growth are
sumrmarized in Tables 56 through 58,
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