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(As average between July and December 1980)

51 = M$2.22
¥100 = MS$1.03
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1. INTRODUCTION

Malaysia‘s rapid development has begun to strain her water
resources, Increasingly water stress has occurred in places where
previously water was found abundant for use. The responsibility for
water resources development and management in Malaysia has traditiomally
been fragmented among various departments and agencies in accordance with
" thelr rvespective functions and activities related to water. In the
absence of a comprehensive system to coordinate the multifarious
activities in water resources development and management, these
activities tend to take place In isclation. This may lead to competition
in water use and even duplication of activitles and functions. An
integrated approach to water resources development and management 1s
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 carried 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.Reﬁort submitted now éomprises Volume 1 Master Action Plan
and Volume ? Water Resources Development and Use Plan, being supported by
the State Reports and Sectoral Studies.

The Master Action Plan contains recommendations en 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, Institutional framework, legal
provisicns and further study.

The Water Resources Development and Use Plan is a tramslation of the
national water policy into a long—term national master plan for water B
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 6 herein presented descrites the matters for the
State of Pahang.

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



2. BACKGROUND

2.1 ThelLand

_ The State of Pahang of 35,980 saq.km Is located in the central part
of the €ast coast of Peninsular Malaysia, between 101920’ and 103938’
east in longitude and 2928 and 4%47’ north in latitude. It faces the
South China Sea and adjoins 6 States of the 11 States except the States
‘of Perlis, Kedah, Pulau Pinang and Melaka.

"The northern half of the State 1s mountalnous, The southern half
mainly is the plain of the Pahang river. In the south—-eastern part lies
a vast stretch of swamps. Rivers run parallel or perpendicular to the
geological trend., They are the Pahang, Endau, Rompin, Marchong, Kuantan
and other small rivers,

Geological feature of Pahang is a southern extension of that in
Kelantan. It is characterized by granitic rock masses in the Main Range
in the west and the eastern range and the meta-sedimentary rocks
developed in the intermediate zone between them and in the east coastal
zone. The meta-sedimentary faces cover various kinds of argillaceous and
arenaceous rocks, some altered to phyllite, slate and quartzite,
rudaceous rocks and conglomerates as well as pyroclastic rocks and
limestones of Silurian to Cretaceous, General structural trends are
north-northwesterly. Patches of continental sediments of Cretaceous ta
Jurassic are located in the hills behind the 20 km wide alluvial plain on
the east coast, Major faults show two kinds of trends, northery and
northwesterly. 1In the southern parts of the State, the latter appears
predominant. - Further, in Pahang Tengara area, west-northwesterly
direction is the main trend of major faults which run through the eastern
range gran:tes and Permian meta-sediments.

Soils are mostly sedentary soils occurriﬂg on undulatlng plalns and
mountainsg. The areal ‘extent of alluvial scils on coastal plains, ;
riverine flood plain and terraces is 7,975 sq.km, accounting For 22% of
the total for the State. Of this, 2,584 sq.km are evaluated as suitable
for paddy, 1,179 sq.km for coconut and 388 sq.km for rubber, and 3,228
. sg.km as suitable to marginal for coconut. In the sedentary soil area,
8,847 sq.km are suitable and suitable to marginal for rubber, 8,789 sq.km
_for coconut, and 8, 171 sq.km for oil palm and cocoa, respectively, '

including suitable area of 815 sq.km for rubber, 717 sq.km for coconut,
517 sq.km for oil palm and cocoa.

Climate is usually hot and wet. - Average annual rainfall is high of
2,000 mn - 3,000 mm, of which nearly 50% occurs in November to January
being gtrongly affected by the northeast monsoon. Meteorological data at
Kuantan (E1.15.3 m) are summarized in Table 1.

2.2 The Rivers

Run-off in rivers wholly or partially located in thé State of Pahang
is‘estimated based on 1961 - 1979 records st the hydrological stations
No.1737451 in the Johor riveér, No.3424411 in the Pahang river and
N0.5130432 in the Trengganu river. The surface run—off 1s 43 billion



cuam/y or 40% of rainfall of 107 billion cu.m/y. Evapotranspivation is 58
billion cu.m/y and groundwater recharge is 6 billion cu.m/y.

Organic pollution in the rivers is caused by domestic and industrial
sewage, effluent from rubber factories, palm o1l millls and animal
hugbandries, Biochemical oxigen demand (BOD) concentration of more than
5 mg/lit was measured during 1978/1979 in the Endau and Pahang rivers.
Operation of wines, opening-up of residential areas, road construction
and logging are major causes of high concentration of. suspended solid
{8S). In the 1978/1979 observation, S8 concentration was more than 500
mg/lit in some stretches of the Kuantan river.

Riech alluvial aquifers occur in the flood plains of the Pahang
river. Rock aquifers may be found in the sedimentary rocks of Silurian
to Triassic and some gxanites.

‘The river characteristics in terms of river morphology, estuary,
sediment and sea water latruslon in Pahang is as shown in Tables 2.
through 4.

2.3 Watershed

Natural vegetation occupies 24,516 sq.km comprising hill forest of
21,937 sq.km, serub forest of 1,245 sq.km, swamp forest of 809 sq.km and
grassland of 525 sq.km., The varieties 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 28,865 sq.km or 80% of the whole
State in 1966 to 23,991 sq.km or 67% in 1979 by forest exploitation not
only for logging purpose but also for execution of agricultural land
development schemes,

Through the soil erosion potential evaluat;on in the Study, it was
preliminarily estimated that the concentration of suspended solid was
between 200 and 500 mg/lit at present in the widdle and lower reaches of
the Pahang river due to the surface soil loss occurred in its catchment
area.

2.4 Present Soclo-economic Condition

As I1llustrated in Fig. |, the State of Pahang is administratively
divided into nine districts. Towns having population of more than 10,000
in 1980 were Ku#ntan, Temerloh, Bentong, Raub and Kuala Lipis.

Population of Pahang was 800,000 in 1980 with the average annual
growth rate of 4.6% during the period from 1970 to 1980. Population
density increased from 15 persons/sgq.km In 1970 to 23 persons/sq.km in
- 1980.

‘Gross regional product (GRP) increased from M$629 million in 1971 to
M$1,183 million in 1980 in factor cost at 1970 constant price with the
average annual growth rate of 7.3%., GRP of manufacturing sector shared
M$41 million or 6.5% of the total in 1971 and M$191 million or 16.1% in
1980. Per capita GRP was M$1,443 in 1980 in factor cost at 1970 constant



price and its average annual growth rate between 1971 and 1980 was 2.7%.

Major land use patterns in 1979 were forest of 23,991 sq.km,
grassland of 525 sq.km, annual and perennial crop land of 6,107 sq.km,
swamp of 3,309 sq.km and miscellaneous land of 2,085 sq.km. The land use
in 1974 1s shown in ¥ig.2.

Rubber, oil palin, coconut and cocoa are planted for earning of
forelgn currency by export., The total planted area as of 1979 was
177,700 ha for rubber, 248,400 ha for oil palm, 7,300 ha for coconut and
6,300 ha for cocoa. During the last five years since 1975, newly planted
area under FELDA and FELCRA schemes totaled 19,200 ha for rubber and
75,600 ha for oil palm. RISDA replanted 10,000 ha of rubber in the
existing smallholder’s rubber areas during the said period, and private
estates also increased by 1,100 ha their planted area of rubber. The
annual production in 1979 totaled 125,700 tons of rubber as dry rubber
content, 2,140,200 tons of oil palm as fresh fruit bunch, 17,800 tons of
_coconut as copra and 180 tons of cocoa as dry beans. Out of the above
harvests, private estates produced 39,400 tons of rubber and 612,000 tomns
of 0il palm. The remaining ones were put out from RISDA, FELDA and FELCRA
schemes as well as smallholders.

~-In 28 mills located within the State, 341,200 toas of crude palm oil
and -67 ;800 tons of palm kernel were extracted from oil palm through
processing 1,527,200 tons of fresh fruit bunch brought in the mills
throughout 1979.

In 1979/80, paddy was planted in 8,400 ha comprising main season wet
paddy of 6,800 ha and off-season wet paddy of 1,600 ha. As the whole
paddy field was 25,000 ha, the crop intensity in 1979/80 became 0.34.

The total rice production in 1979/80 was 10,600 tons among which 8,100
tons were harvested in the main season and the remalning 2,500.t0ns were
off-season wet paddy rice. This production met 3% of the estimated local
consumption of 78,000 tons in the State in 1979/80. :

During the period from 1970/71 to 1979/80, rice production_
fluctuated. between 6,900 tons in 1977/78 and 31,400 tons in 1973/74
largely affected by climatic condition, even though paddy field which was
provided with irrigation facilities increased from 15,200 ha to 19,300
ha.



3. PRESENT CONDITION OF WATER RESOURCES
DEVELOPMENT AND USE

3.1 Domestlc and Industrial Water Supply

" Public water supply in Pahang is administered by the Water Supply
Division of Public Works Department (PWD) of the State Government,

_ PWO supplies piped and treated water to the wmajor 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, twenty five PWD watérworks delivered 82,200 cu.m/d of &ater
on an average. The population served water through PWD networks was:
estimated at 522,600 in 1980. '

In the interior and isolated rural areas, untreated water supply
system has been developed by the State Government by either withdrawing
water from small viver or digging shallow wells equipped with hand pumps
with materials and technical advices from MOH, under the Rural
Environmental Sanitation Program. It was estimated that. 44,000 people
were served water by the untreated water supply system in 1980. The
water users are suggested to boll water before drinking. :

In consequéﬁce, 566,600 people out of the total State population of
819,800 were estimated to be served water through PWD and RESP,
corresponding te the service factor of 69% in 1980,

3.2 Irrigation

There are 25,000 ha of paddy fields: 19,200 ha are irrigated and
'5,800 ha are rainfed. At present no major schemes are located in the
State. There exist 273 irrvigation schemes consisting of 192 control
drainage, 46 gravity and 35 pumping gravity irrgation schemes. The
.largest irrigation scheme is the Paya Pahang Tua pumping irrigation
schéne with a service area of 1,400 ba. The average size of schemes in
the State is 79 ha, which is the smallest in Peninsular Malaysia.
Location of irrigation areas is shown in Fig.3. Double cropping area is
only 900 ha, which is 5% of total irrigation area of 19,200 ha. Paddy
yield is 1.9 ~ 2.2 tons/ha in the main season and 1.4 - 2.3 tons/ha in
the off~season according to the records from 1973 to 1978.

3.3 Flood Mitigation

Flood occurs between November and January; mostly in December, The
damage by the recorded maximum flood in the State is estimated to be”
M$90.8 million at 1980 price level. ‘Table 5 lists the inundated area and
estimated damage by the recorded maximum fleod by Basin. - The inundated
area 1s 1llustrated in Fig.4.



3.4 Power Generation

The Camelon Highland Scheme is a series of power stations in the _
States. of Pahang and Perak. The uppermost reservolr being located at the
southwest corney of the State of Kelantan, Within the State of Pahang,
theré -are the Kanpong Raja power station of 0.7 MW, Kuala Terla power
station of 0.5 MW, Robinson Falls power station of 0.9 MW, Habu power
station of 5.5 MW. The Sultan Abu Bakar dam which diverts water to the
Sultan Yussuf power station of 100 MW in the State of ‘Perak, These power
stations belong to the Telom river system which is located at the
northwest cornér of the State of Pahang. The Sempam power -station of 6.6
MW 1s located near the middle of the western boundary of the State.-

3.5 Inland Fishery

There are 236 ha of freshwéter constructed ponds and 118 ha of tin
mining pool used for fish culturing. The water usé of the constructed
ponds in 1979 was 3,20 million cu.m/vy.

3.6 Inland Navigation

The principal river traffic in the lower reach of the Pahang river
comprises marine and river fishing vessels, Some trade ships transport
sawn timber from the sawmllls located 6 km upstream of the river mouth,
In the Rompin river, a few passenger and cargo boats navigate the river
between the river mouth and 8 km upstream. In the upper reaches, village
people use. the river for their daily transport.

3.7 'Sewefage'System

No sewerage system is installed in Pahang. The installation of
septic tank 'is compulsory by regulations in urban areas, while domestic
sewage 1s directly discharged into nearby water course or cnto land in
rural area.

3.8 Water Purification System in Private Sector

The Federal DOE- started to monitor the river water quality since
1978 in Pahang with the frequency ranging from twice a year to once a
month in 5 river water quality control regions.

There are 17 rubber factories in the State. These factories produce
SMR latex concentrate and conventional grade of 150 tons/day and they
discharge effluent of 1,63 million cu.m/y to nearby watercourses, The
water quality at outlets of factories ranges from 8 to 3,000 mg/lit in
BOD concentration and from 10 to- 1,000 mg/lit in SS concentration.

There are 28 oil palm mllls in operation of which total milling
_capacity amounts to 7,593 tons/hr in fresh fruit bunch (FFB). The volume
of effiuent from these milis is 1.21 milldon cu.m/y. The treated or raw
effluent is and will be discharged from 18 mills into watercourses and
from 10 milis onto land. The water quality ranges from 200 to 27,000
mg/iit in BOD concentration and SS concentration ranges from 15 to 30,000

ng/lit.



3.9 Watershed Management

The State Forestry Department 1s 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
reserves of 5,732 sq.km, wild life and other reserves of 3,521 sq.km and
Crown or State land of 14,738 sq.km. Out of the forest reserves, 4,914
sq.km was classified as productive forests comprising 4,890 sq.km of
inland forests and 24 sq.km of mangrove forests. The remaining 818 sq.km
were unproductive forests consisting almost entirely of protective hill
forest. In the inland forest reserves, there remain'3,167_sq.km of
unexploited forests which have been committed or licenced for ,
development. The actual area opened for harvesting during 1979 was 132
sq.km corresponding to 4% of the unexploited forests.

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 erosion problems on steeply dissected land. .

All the activitles mentioned above are also sources of man-made
sedimentation, 1In the future, the suspended solid concentration of river
fiow wlll be over ‘500 mg/lit in the middle and lower reaches of the
Pahang 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 soll areas with a slope of less than 2 degrees are exploited for
logging purpose. 1In 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 s0l1id concentration will not he substantially
reduced.

3.10 Dams

Table 6 lists three dams at various stages in Pahang,

There are'two dams in operation in the State: the Labong:dam for
irvigation purpose and the Abu Bazkar dam for hydropower purpose. The tail

race water of the Abu Bakar dam is diverted to another basin in Perak.

_The Kuantan.Barrage for the purposes of water supply and,tidal;
prevention is now under construction. .



4, TFUTURE WATER DFMAND AND ASSOCIATED PROBLEMS

4.1 Projected Socio-economlic Condition

The socio—economic framework was projected based on the planned
values 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 State of Pahang is described hereunder.

The average annual growth rate of population in the period from 1980
to 2000 was estimated to be 3.5%. Projected population is 1.20 million
in 1990 and 1.62 million in 2000, respectively. Tables 7 and § show the
projected population by urban and rural area in the State of Pahang. 1In
the Study, the urban area includes cities/towns each of which population
in 2000 was estimated to be mnot less than 10,000.

_ GRP in factor cost at 1970 constant price was projected to be
M$2,491 million in 1985, M$4,265 million in 1990 and M$9,28! million in
2000 with the average annual growth rate of 10.9% between 1980 and 2000.

Projected gross value of output in manufacturing sector will
increase from M§553 million in 1980 to M$2,244 miilion in 1985, M$4,791
miilion in 1990 and M$11,967 milldion in 2000 at factor cost in 1970
prices as shown in Table 9.

The future rice consumption in the State was estimated to be 144,200
tons in 1990 and 194,100 tons in 2000. To ralse 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 5,800 ha .and the newly reclaimed paddy
field of 21,900 ha, (2) stabilization of irrigation water supply during
the wet season to the existing irrigated paddy field of 12,600 ha and (3)
development of new irrigation water resocurces during the dry season to
increase by 12,500 ha double cropping area among the existing irrigated
paddy field. The total rice production anticipated under the above plans
will be 98,000 tons in 1990 and 168,200 tons in 2000. '

0il palm planting area was projected to increase to 273, 200 ha in
1990 and 301,200 ha in 2000. The prospected processing amount of oil
palm in the’State-will be 4,5 million tons as fresh fruit bunch in 1990
and 5,1 million toms in 2000,

Rubber planting area was projected to be kept in the present )
hectarage of 158,000 ha in 1990 and 2000. The total processing amount
was projected to be 120,000 ton as dry rubber content in 1990 and 210,000
ton in 2000.



4.2 Basin Division

For the purpose of the Study, ‘the land was divided into Basins each
being a river basin or a group of river basins ad shown in Fig.5. FEach
Basin is further divided into effective area and ineffective area. The
former is the upper part of the Basin in which patt of the water uses was
agsumed to return into lower stretches of the river., The latter is the
remalnder 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 is 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 polnt and assumed river
'main*enance flow (see Section 5.2) are as shown in Table 10.

Ag ghown In Fig.h, five basins are wholly or partly 1ocated in the
State of Pahang: located within the State are a northern part of the
Endau Basin, most part of the Rompin Basin, whole of Bebar Basin, the
Pahang Basin Except for a southwestern part and the whole Kuantan Basin.

4,3 Domestic and Industrial Water Demand

" 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.. Assumptlon was made that 50% of the total industrial water demand
would be served by piped water supply. . Table 11 shows the assumed per
capita daily 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 12.

In Pahang, the total water demand will reach 193 million cu.m/y in’
1990 ‘and 455 million cu.m/y in 2000 as shown in Table 13. Major demand
¢centers are Kuantan, Mentakab, Jerantut, Temerloh and ‘Raub among which
Kuantan has the largest demand for both industrlal water and domestic
water in-2000.

_ A1l 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 Lanbuan 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 TIrrigation Water Demand

The irrigated land development was projected taking into account
information obtained from DID and the assuwed rate of self- gufficiency in
domestlc rice production in the State. As shown in Table :14, the
projected irrigation area will increase from 19,200 ha in 1980 to 37, 700
ha in 1990 and 46,900 ha in 2000. The ratio of double cropping area to



the total irrigation area will rise from 5% in 1980 to 50% in 1990 and
54£ in 2000.

" The irrigation water demand was calculated for 1990 and 2000 as
shown.in Table 15, Trrigation efficlency applied is 55% for both major
and minor drrigation projects.  The annual lrrigation water demand will
be 785 million cu.m in 1990 and 1,039 million cu.m in 2000,
respectively.

4.5 Fish Pond Water Demand

The future hettarage of freshwater fish pond was projected to
increase from 280 ha in 1980 to 660 ha in 1990 and 1,237 ha ia 2000. The
total water demand for freshwater Tish culture will rise from 3.84
million cu.m/y in 1980 to 8.95 million cu.m/y in 1990 and 16.81 million
cu.mfy in 2000.

4.6 River Utilization 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 carnot 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 State of Pahang, only the Kuantan
Basin among the concerned five were estimated to have a river utilization
equal to or more than 10% in ?OOO the other four Basins to have the
ratio of less than 104.

“In order to determine the total requirvement for storage suﬁ?ly and
water diversion, the water deficlt at the balance point was caleulated
for each Basin, assuming the hydrological condition in the recorded
perilod. .

Natural runoff in each basin was estimated on 5-day basis, based on
daily 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 is still to be clarified. Groundwater
development will be essential especially for the villages with difficulty
of access of clean surface water., Groundwater use is 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 £léow, 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
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effective area was estimated depending on: the purpose of water use
ranging from 8 to 100%,

'The water withdréwal is;herein‘defined.as-fhe net féduction_in river
flow which 18 required to meet the water demand and it was calculated by
the water demand deducted by the return flow and groundwater use.

_ Certain discharge 1s necessary to sustain normal water use and
environmental condition in the river. It 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 10.

All the water demand can be met and all the water use can be
sustained 1f river flow is more than the sum of water withdrawal and
river mdintenance flow, and if otherwise river flow is in deficit. The
water deficit was calculated 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 perlod of W years, that resulting the largest annual volume of
water deficit is herein regarded as the driest condition and called 1/n
drought,. that resulting the second largest annual volume of water defilcit
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, If the estimated supply capacity of the existing and
under—-construction dams listed up in Table 6 is taken into account, the
above-mentioned water deficit will be reduced 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 i deficit in some
section upstream of the balance point if major demand is located
upstream.

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. Major
pollution sources are the domestic and industrial water users comprising
28 urban areas, 28 palm oil mills, 17 rubber factories, animal husbandry
in the rural areas. However, waste water from Kuantan was assumed to be
directly discharged to the sea. '

It 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 vun-off at just downstream of each outlet of
effluent was equal to the assumed rate of river malutenance flow.at taht
point, and the residual purification ratio varies in the range of 0.7 to
0.9 according to the characterisgtics of the rivers.

- 11 -



‘Discharge rdatio, run-off ratio and BOD concentration assumed by type
of pollution source Ffor 1990 and 2000 are as shown in’ Table 19, A portion
of water is consumed by beilng Incotrporated in products, by evaporation
and by leakage in the process it is used and treated, The ratio of water
after consimption to that before consumption is called the discharge
ratio. A portiom of water is again lost during the travel that Wwater is
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 BOD concentration in Pahang will not be more
than 5 mg/lit except for the Endau, the Rompin and the Bebar rivers in
1990 and 2000, This projection states that most rivers are little
polluted presently and will be still clean in 1990 and 2000.

4,8 Watershed Problems

Annual rate of soil erdsion 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 i& estimated to be 250 tous/sq.km.

- If all natural forest on slope of less than 6 degrees is disturbed
erosion rate will increase to 2,150 tons/sq.km. An exercise indicates
that erosion rate is 850 tons/sq.km, if natural forest on slope of less
than 2 degrees is cleared and converted to rubber farm. Reforestration
in the disturbed forest can reduce erosian in a long rumn.

Based on these con51derations, the following conclusions are
preliminarily drawn:

(1)' Forest clearing should be limited within the land of 2 degrees
' in slope.

(2) After clearing forest, such land use as eppropriateiy protecting
goils against erosion should be undertaken,

{3) As a long~term program for preservation of preductive forest and
soll conservation, reforestation should be undertakesn in the
disturhed 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 countrles are inadequate to draw conclusions
-applicable to Malaysia., There are slso some experimental data in
Malaysia but they are still insufficient for quantification. This aspect
has not been analysed, but thils does not mean that the importance of
forest comservation in water resources conservation can be neglected.
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5, STRATEGIES FOR WATER RESOURCES DEVELOPMENT AND USE

5.1 ?Problem Areas

‘Water resources use can be classified into instream uses,
consumptive uses and energy potential use. Instream uses include _
navigation, fish catch and recreation. Consumptive uses are domestic and
industrial water supply and irrigdtion., Energy 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
characteristlcs of water resources and thelr use. Maintenance of low
flow 1s required for sustaining not. only instream water use but
consumptive water ugse and environmental quality. Domestic and industrial
water supply system and irrigation system and fishponds are provided to
give consumptlve water users access to water, also adiusting 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 augmeni 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
quality 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 for sustaining various
water uses and environmental quality;

(2) development of water supply'an&.irrigation éystems;

(3} source develbpment for balancing water demand and'supply;
(&) 'ﬁydropoﬁer deﬁelopmeﬁt;

(5} conservation of water'quaiity; and

(6) flood mitigation.

5,2 Maintenance of 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
rlver flow due to intensifled 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
reductions accumulate.
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It ie 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
facllitles, sea water repulsion, prevention of estuary clogging,
conservation of gloundwatet, preservation of riparian land and people 5
amenity.

The Tiver 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, If it is expected to impair. the rilvar maintenance flow
frequently. Source development such as céonstruction 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 mainteénance flow. An estuary
barrage will be constructed, if 1t 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 subsistence level of
water uses is herein called the essential river maintenance flow. The
river maintenance flow may not be reduced to the essential river
‘maintenance flow even 1f an extreme drought takes place.  When the
essential river maintenance flow is needed to be sustained under any
" drought, water withdrawal from the river should be reduced.

The river maintenance flow should be determined individually 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. It should be determined based on the minimum
requirement in each river. On the other hand, the river maintenance 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 97% in probabllity of exceedénce as shown
in Table 10 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
qrder to transmit water from sources and to distribute it to the
consuming ends.

Domestic and industrial water supply is conducted along with the
objectives of natidna1 ecopomic development; regional development and
social well-being improvement. The service facior of urban water supply
system is already high, and the dévelopment of rural water supply system
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has been forcefully promoted im 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%Z of rural
people in Sabah and Sarawak wiil still not be publicly supplied, because
of remoteness and non-availability of suitable water source.

Irrigation development on paddy, including the tertiary development
is carried out along with the objectives of nationmal economic
development, improvement of food self-sufficiency and increase in
farmers’ real income. It 1s 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
regsources development and use. The water demand projection was made
assuming that concerned agencies would take appropriate measures for .
water saving such as recycllc use of water and increase in efficiency of
facilities and utilization of sea water. Where frequent water deficit
are foreseen even with these water saving measures, the dévelopment of
source facilities such as water storage and/or interbasin diversion are
proposed.

N The strict adherence to the river maintenance flow will result in
the construction of ‘costly facilities even in the rivers in which water
use 1s 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 utilization, if a temporary reduction in the river
maintenance flow to a minor extent 1s permitted. With these
considerations, it 1s proposed that the source development ‘should be
implemented only in the rivers in which the river utilization ratio will
be more than 10%.

5.5 Water Pollution Abatement

Water pollution abatement is comsidered 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 adegquate level from the viewpoint of environmental quality.

The concept of water quality standard in the river should be
established as the indicator showing the target of water pollution
abatement, which is performed by reduoing 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-purification 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 occcurs if the BOD concentration is over 10
mg/lit. 7Pre-treatment 1s 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

- 15 -



for water pollution ‘abatement is set in terms of BOD concentration in the
river, because BOD concentration is the most common and 1mportant
parameter of man—made pollution of inland water.

The meaSures-fer orfganic pollution abatement in the river are the
improvement of purification ‘system of eéffluent. from the palm oil mills
and rubber factories as well as public sewerage development.

" 5.6 Hydropower Development

Pover demand in Malaysia 1s 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 potential in Sarawak has been estimated to be more
than 20,000 M#. The Upper Rajang Hydroelectric Development is being
studied in order to develép 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$ll billion including the
interconnection system., Further development including power supply to
ASFEAN 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 to a recent projection by NEB, the maximum power demand in
Peninsular Malaysia in 2000 will be 9,140 MW, .while the installed
capacity of existing and under construction hydropowar totals only 1, 206
MW at present, It is recommended that all known potential of eLonomical
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 large power potential in Sabah and Sarvawak, 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, hydropower
development should be envisdged for such major demand centérs 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 supplylag 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 up to 2000.
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5.7 Tlood Mitigation

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

The structursl measures for'the'flobd mitigation are channel
improvement, bypass flcodway, polder, flood control dam and their
combinations as described below:

(1) Channel improvement: Channel improvement will increase the
discharge capacity of river by reshaping the river channel and
constructing levees including protection work against erosion and
sedimentation in the river.

(2) Bypass floodway: Bypass floodway is a short-cut canal for flood
where there are certaln constraints for chamnnel improvement.
The discharge capacity of the floodway is usually determined to
allow releasing the excess water of the original channel.

{3) Polder (Ring Bﬁnd):_ Polder is a ring bund to protect an area
of high damage potential. It includes the comstruction of
drainage canal and drainage pump for the protected area.

(4) TFlood 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 studied. The flood control space in the dam is determimed to
reduce the design flood discharge teo 1/4, as a rule. '

. Non~structural measures are proposed for such river stretch as where
structural measureés are not applicable or where supplemental measures are
required. They are the restriction of development and resettlement plan
as described helow: - '

(1) Restriction of develobhent: The restriction of devélopment is
the control of damageable values in the flood vulnerable areas
by restricting new development.

(2) 'Resettlement_plan: The resettlement plan is also the restrictidh
of development but it includes the resettlement of people.

In additidn to'the above-mentioned measures, flood forecasting and
warning system is proposed for some river basins having more than 5,000
inhabitants iiable to flood hazard as shown in Table 20,

5.8 Inland Fishery
. Development of inland fishery contributes to the national econoﬁic
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 activities comprise fishing and culturing in
various waters such as rivers, lakes and reservoirs, tin mining peools,
paddy fields, constructed ponds and mangrove ateas. Aloag with the
Government s policy for fish culture development presented in AMP, 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 Scoﬁe 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,
pollutlon 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 bemeficial 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 Lo,
transfer water from a 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% and the existing source
facilities could not meet the estimated water defiéit.

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
seét 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 water demand and supply balance
alternatives were proposed aSSuming different levels of risk.

Alternative sizes of 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/N drought where N denotes the length
of hydrological records in years.

Alternative B2: The supply capacity of source fa91lities 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 agalnst the fourth driest condition
(4/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 floed 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 available. It is required for a dam to release 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 affectlng adversely on
the existing water users.,

~ The proposed dams were those either identified on 1/63,360 or
1/50,000 maps or proposed in previous studies. The water supply capacity
of each dam was estimated based on hydrological record and on assumed
storage capacity. 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 capac1ty of - all the proposed dams in a
basin is not enough, diversion of water from other basin was proposed
and, if necessary, the construction of a dam in the latter b331n was
further proposed.

" In Pahang, no water stress area was identified,_because'all-the five
Basins wholly or partly located in the State showed the river utilization
ratio of less than 10%¥ for 1990 and 2000. The Endau Basin was, however,
regardéd as a water stress area because source facilities such as the
Anak Endau and Kemelai dams are under copstruction for the purpose of:
irrigation for the Rompin Endau project areas of 5,472 ha in the coastal
plain of the Endau river. The Kuantan barrage was also included in the
proposed plan, as it is under construction.

" The Pahang - river of 29 300 sq km in catchment area Is the larpgest
river carrying a large amount of run-off, while it is adjacent to heavy
water stress areas in the west coast. An analysis showed that the
construction of four dams one of which is in the State of 'Pahang,  is
necessary in the Pahang river basin to regulate and divert water for the
domestic and industrial water supply in the Kelang valley region and Port
Dickson in Alternatives Bl and B2. The construction of a dam in the Bera
river, a tributary of the Pahang river is also required to develop and
divert water for the use in the Melaka-Muar region if Alternative Bl is
selected. Among these, the Perting dam for the Kelang valley and the
Bera dam for the Melaka/Muar region are located in the State of Pahang.
The Palon dam proposed in the Muar river is located across the houndary
between the statea of Pahang and Negeri Sembilan.
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The estimated public development expenditure and manpowet
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 puarantee of supply would bring a low value of internal
rate of return, because benefit is little eensitive to the risk of
supply. Alternative Bl can guarantee safe supply all the time even under
the driest condition ever recorded but some interruption in safe supply
have to be involved in the other alternatives., Considerations were made
also of adverse effectg such as removal of people from the proposed
reservolr areas and change in fish fauna, and beneficilal effects such as
fish culture and recreation in a lake created.

It 1s recommended that Alternative Bl sho ld be selected for the
Basins where domestic and industrial water demand is predominant in
- accordance with the common understanding in Malaysia that domestic and
industrial water supply should be sustained even under the serious
drought.

Irrigation facilities 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
‘soutce development, With these considerations, it is recommended to
select Alternative B3 for the Basins where water is predominantly used
for irrigation.

_ 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, 32 and BS respectively.

6.3 deropowet Developmenf Alternatives
A hydropower development plan for Peninsular Malaysia was
recommended without alternative study.

6.4 Water Polluticn Abatement Alternatives

Two alternative plans for water pollution abatement were proposed
setting target BOD concentration in the river as mentioned below.

Alternative Pl;: 5 mg/iit in BOD concentration in 1990 onwards

Alternative P2: 10 mg/lit in BOD concentration in 1999 onwards

If the reduction of BOD concentration in a stretch of a river :is
found nécessary to attain the target, the lmprovement of purification
method in all palm o0il mills and rubber factories in the river was, first
of all proposed. The Basins where the improvement was proposed for both
the alternatives for 1990 and 2000 were the Muar, Endau and Rompin
Basins.
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1f there still remains a river stretch of higher BOD concentration
than the proposed limit, the construction of a sewerage system in the
urban area upstream of the river stretch was proposed: it is not the
case In the State of Pahang and therefore, the two alternatives are
identical.

No treatment measures were assumed for the sewage from the towns of
legs than 50,000 in population and rural areas and for the effluent from
animal husbandry. 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,

The ordinary treatment method for the domestic water supply is the
sedimentation, filtration and chlorination, if BOD concentration in raw
water is not more than 2 mg/lit. The ordinary treatment method for 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 raw water with BOD concentration above these limits.
For BOD concentration in raw water more than the above-mentioned limit
but not morée than 20 wmg/lit, pre-treatment is carried out by the rapid
sand-filter bed and activated carbon absorption (secondary treatment).

. For BOD concentration between 20 and 200 mg/lit, an aerated lagoon
process sich 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 altermatives.

The public development expenditure and manpower requirement were

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

6.5 TFlood Mitigation Alternatives
Thfee alternatives are ﬁroposed for the flood mitigation:
Alternative Fl: Structural measures are provided by 2000 for the
entire river 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 prome area.
Alternative F3: Structural and non-structural measures are

provided by 2000 sc far as such measures are
economically viable,
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: The return period of design flood 1s assumed to be 20-year for the
river stretch.where Lhe estimated annual flood ddmage is less than
¥$20,000/km and the population is 500 persons/km, and 50-year for the
other river stretches, but 100-year if loss of life has been recorded.

The problem rivers were divided into stretches of 30 teo 60 km 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.

Alternative Fl appeared to require a prohibitively large expenditure
for the whole Malaysia. Alternative ¥3 should be implemented if
considered from the viewpoint of national economic development, but it
will in¢rease the disparity between developed and underdeveloped areas.
Taking into account the faect that socilal well-being objective has been
emphasized through discussions between Malaysian Govermment 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 Resources Developﬁeﬁt and-Use Plan is reeommended, based on
the comparison of alternatives. 1Its outline is illustrated in Cover
Map .

7.1 Publlc Water Supply and Irrlgatlon Development Plan

Public water supply system including WD system nd RESP bystem ig
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 nen-availability of suitable water source.

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

7.2 Source Development

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

7.2.1 Perting dam project and Palong dam project'

The Kelang valley including Kuala Lumpur, Petaling Jaya, Shah Alam
and. Kelang is most populated and industrialized region in Malaysia.
Total p0pulat10n 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
1ndustrla] 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 intemsive industries remain at 1985
level. :

There are 2 dams in operation, one dam under construction and one
dam under detailed design within the State of Selangor. Herein, the
construction of 3 additional dams is proposed within the State of
Selangor, but the supply capacity is still insufficlent. It is necessary
to develop and divert water in tributaries of the Pahang river for the
use in the Kelang valley by ‘constructing 3 dams, of which the site of the
Perting dam is located in the State of Pahang. '

The Palong dam prOJect is . reCOmmended for the integrated water
resources development in the Melaka/Muar region where water demand is
large but storage pOSSlbllity is limited. The Palong dam site is located
across the boundary of the States of Pahang and Negeri Sembilan.

The dams needed for balanc1ng 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 reguired 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

- 2% -



facilities can provide more stable flow to the users within the State and
also they can contribute to flood mitigation in the State,

7.2.2 Other source development plans

“There: are two plans of local importance proposed by relevant
agencles, though they were not identified in the Study. The Anak Endau
‘dam and weir, and the Kemelal dam are under comnstruction for the Rompin
Endau irrigation project of 6,100 ha. The Kuantan barrage will be
constructed in the near future to protect water supply intakes against
sea water intrusion.

7.3 Water Pollution Abatement Plan

The recommended plan for the water pollution abatement in Lhe river
is the improvement of purification method in the palm o0il mills in the
- Muar, Endau and Rompin Basins.

Although it is ineffective for the water pollution abatement in the
‘river, sewerage development in Kuantan is assumed from the viewpoint of
public health. The recommended plan for water poliution abatement is
shown in Tables 29 through 31.

7.4 Flood Mitigatibn Plan

The recommended plan for flood mltigatlon is mentlonpd hereunder and
is summarlzed in Table 32.

7.4.1 Pahang river flood_mitigation plan

Floods in the Pahang river.is so large that they can significantly
be mitigated by neither dam nor river improvement. The flood in 1971
tnundated 3,000 sq.km in which the population in 1980 was estimated to be
400,000. The recommended plan is to provide ring bunds to populated
towns. such as Pekan {2,000 persons), Temerloh (15 000), Mentakab (9,000)
and Kuala Lipis (11 ,000) . Some contribution on flood mitigation can be
expected from the dams proposed for hydropower generation, though the
effeéct is minor. 1t is recommended to provide flood control storape
spaces to the Tekai, Tembeling, Telom and Jelai Kechil dams. Even with
these measures, number of protected people will be only around 63,000,
‘which is far below the target. Resettlement of people from the areas
Serlously affected by flood to the new towns of the Pahang Tenggara
development pro;ect needs to be c0n51dered.

7.4.2 Kuantan river flood mitigation plan

The Kuantan river flooded 230 s8q.km in 1971, The affected
population was estimated to be 30,000, Kuantan town located at the
estuary of the Kuantan river was partly flooded. The recommended plan is
-to protect- 20,000 people in 22 sq.km within Kuantan town by providing
channel improvement of 6 km at the estvary and ring bund surrounding Batu
Tiga/Paya Besar area. '
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7.5 'Hydropower'Development Plan

The hydropower potential is high in the Pahang river basin. The
plan presented in Table 33 is recommended t¢ match with the national
energy policy.

The Tembeling upper dam is recommended for a multipurpose dam with
the installed capacity of 110 MW for hydropower genération. The dam will
‘incidentally contribute to the water demand and supply balance for D&I
water supply and irvigation water supply as well.

The Maran dam is recommended for hydropower development with the
installed capacity of 130 MW and incidentally for irrigation.

"The other recommended plans for hydropower development include the
Tekai & Penut dam (installed capacity of 74 MW), the Telom Hilir dam (98
MW), the Jelai Kechil dam (60 MW}, the Jelal dam (10 MW) and the Tarum 1
dam (5 MW).

The location of these hydropower dams are presented in Cover Map.

7.6 Cost Estimate

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

The construction costs consist of direct construction cost (contract
amount), engineering and administration, land acquisition.and physical
contingency. The direéct comstruction 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 counstruction cost dis disbursed in
five years antecedent 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 construction costs were estimated for all the proposed
facilities to be commissioned in 1985 onward, including storage and
diversion facilities, domestic and - ]ndustrlal water supply system, -
irrigation system, flood mitigation facilities and public sewerage
system, but the sunk cost was not estimated.

The purifieation facilities fof the palm 0il 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 expendlture and recurrent expenditure in public

sector for the recommended plan was estimated as shown in Tables 36 and
7.

_26..



7.7 Beneficial and Adverse Eiffects

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 national
economic. development, envirovmental guality and social well-being are
pregented in Tables 38 and 39 for water demand and supply balance, in -
Table 40 for water pollution abatement, in Table 41 for flood mitigation,
and in Table 42 for hydropower development.

7.7.1 National economic development

The beneficial and adverse effects of the recommended plans £or the
national economic development account are calculated as the annual
equivalent of economic benefits and costs, assuming a discount rate of 3%
for an evaluatlon 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 price in December, 19%80.
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 financilal cost. referring to the ratioc 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 altermative facilities including dams and the
proposed intake, conveyance, treatment and distribution systems dis
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. Herein a simplified rule was assumed; water withdrawal for use
continues until the river flow after the water withdrawal lowers to the
essential river maintemance 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 calculated assuming
that 1t is proportional to the reduction in the supply.

The economic farmgate price of paddy during the evaluation period
was estimated to be M5640/ton based on the projected price of 5% broken
rice, FOB Bangkok. Estimated paddy yield, gross value, production cost
and_net value are estimated for 1990 and 2000 as shown in Table 43. The
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 scheme were estimated for the future. Then the
irrigation benefit is obtained as the incremental net production value.
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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 1f 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, if the proposed water
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 counted in the irrigation benefit., It is assumed
that the damageable value in the flood prone area will increase at a rate
of gross regional product of the state.

The fish culture benefit was estimated to be ¥M$2,000/ha for the fish
pond and M$l.6 million/reservoir for the cage culture in the created '
reserveir. :

Benefit of the created lake recreation is estimated by use of the
‘concept of 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 economic cost is calculated as the annual equivalent of the
construction cost and OMR cost. It is noted that the private sector cost
of industrial water supply facilities, purification facilities in palm
0il mills and rubber factories and sewerage facilities are included in
the economic cost of water pollution abatement measures.

_ The economic internal rate of return (EIRR) is calculated as the
discount rate with which the present worth of benefit equals to that of
cost. : :

7.7.2 Environmental quality

The beneficial and adverse effects of the recommended plans from the
viewpoint of environmental quality are descriptively displayed.

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

The water surface of created reservoir provides favorable scenery,
place of recreation and enhancement of wildlife. The beneficial effect
of created lake is counted by the water surface area. '

The reduction in length of river stretches in which BOD

“concentration will be more than Smg/lit is regarded as the beneficial
effect of water polliution abatement.
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The channel improvement stabilizes the river channel 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 specles of fish would prebably
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
veservolr.,

7.7.3 Social well-being

The income increase, health improvément, life saving, and veduced
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 CONDITION 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 1s 7.7% in the peériod 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 long-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% from 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 assumed
that, in case of the lower economic development, the target service
factor and PCDU in deomestic 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 44. The
domestic and industrial water demand estimated under the condition of
lower economic growth is shown in Table 45,

8.4 Development Plan

The development plan under the condition of lower economic growth is
tabulated in Tables 46 through 52.
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B.5 Public Expenditure

The public development and recurrent expenditures are estimated for
the case of lower economic growth as shown in Tables 53 and 54.
8.6 Beneficial and Adverse Effects

The beneficial and adverse effects of the water resources

development and use plan for the case of lower economic growth are
summarized in Tables 55 through 58.
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Table 1 METEOROLOGLCAL DATA IN PAHANG
Kuantan, F1 15.3 m
| Mean Aly Relative Sunshine Open Hater :
Temperature Humidity  Hours ‘Evaporation Rainfall
{°C) (%) (hrs.) {mm) ~(mm)
Jan. 26,4 84.3 5.49 130 344
Feb - 25.0 83.0 6.45 134 150
Mar . 25.7 83.2 6.90 156 110
Apy - 26.6 83.6 7.15 156 144
May 26.7 84,6 6.67 147 170
June 26.5 84.1 6.11 141 146
July 26.3 83.7 6.59 144 151
Aug. 26.2 83.8 6.20 146 172
Sep - 26.1 84.1 5.60 147 190
Oct . 25.9 85.9 5.20 136 236
Nov . 25.2 88.4 3.67 116 302
Dec . 24.6 89,1 3.41 106 615
Annual 25.8 84.8 5.79 1,659 2,730
Daily  Max. 35.5 98.5
Min. 16.8 61.0



Table 2 RIVER. CHARACTRRISTICS IN PAHANG (1/3)

Basin ] ‘
No. Ttem . Description
27 Eundau river

(A} River Morphoiogy Meanders existing in lower tidal reaches
but not active. Banks seem stable with
only minor erosjon at local places
(Sembrong, Kahan rivers). Rapids exist-
ing near Kuala Sg. Jasin.

(B) FEstuary No major problem at present, but sand
dune developing on both banks. River
mouth shallow, but seems in a equilib=-
rium condition.

(C) Sediment No problems existing. WNo sand bars/

' shoals cobserved.
(D) Sea Water Tidal effect up to 80 km along river
Intrusion course. Confluence with 5g. Mentelong
: is saline at regular interval.
28 Rompin river

{A) River Morphelogy Maanders in lower tidal reaches and some
local erosion, but no adverse problems.
Being protected by swamp jungle banks,
generally in a stable regime.

(B) Estuary® River mouth is shallow. Coastal sedi-
ment- intruding into river mouth, but
seems in equilibrium condition. TFuture
observation recommended,

(C) Sediment Estimated sediment yield: 250 m3/km2/§.
Sediment transport capacity of river in
balance with sediment yields.

(D) Sea Water 2,000 ppm at Sg. Limau confluence (50 km).
Intrusion 200 ppm at Kg. Taran (90 km). ‘Tidal
effect up to 95 lmm, Release of min,
5 m3/s required for saline-free water
at Rompin Irrigation intake.

Remarks; *: Major problems requiring some improving measures
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Table 3 RIVER CHARACTERISTICS IN PAHANG (2/3)
Basin
No. ITtem Degscription
29 Marchong/Behar river

(A) River Morphology Meanders and minor erosion in lower
tidal reaches. Although detalled
information not available, river to
be in equilibrium condition in view
of primeval river regime.

(B) Estuary Shallow river mouth due to coastal
sediment causing a difficulty of marine
boat navigation. Condition at Bebar
river mouth seems slightly better.
Future observation needed.

(C). Sediment No problem reported.

' Condition to be similar to Rompin river
. basin.
(D) Sea Water. No adverse problem at present.
" Intrusion :
30

Remarks; *:

Pahang river

(A)' River Morphblogy

(B). Estuary*

(C) Sediment

(D) Sea Water

Intrusion

River appears to meander, but generally
controlled by high banks. Little
evidences of significant instability

and erosion of banks,‘32cept some local
erosions in Lipis river and near Pekan.
Localized erosion also in middle reaches.
Generally in a stable regime.

River sediment is malnly dep051t1ng in
south delta, which will ultimately be
closed. Difficulty in marine boat
navigation during low tide.

4.5}(106 m3/y- at Temerloh. No signifi-
cant aggradation/degradation of bed
levels. Existence of sand shoals and
$/5 observation records suggest high
yield. '

T1dal influence up to 23.4 km.
No saline problem existing at present.

Major problems requiring some improving measures
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Table 4 RIVER CHARACTERISTICS IN PAHANG (3/3)

Basin
No. Item Description
31 Kuantan river

(A} River Morphology

(B) Estuary®

(C) Sediment#*

(D) Sea Water
Intrusion#®

Meandering -in lower swamp reaches, but
seems not active. River banks generally
stable, although some minor erosion at
localized places. No immediate problem
arising.

Sand dune develops on both banks.
Navigation channel shallow (L.5m

-depth .at low tide, according to

fishermen). Extent of sand dunés not
changed so much from 1: 63,630 maps

{1971}, therefore seems in equilibrium.-

Extensive sand deposits and shoals,
active sediment movement. - Fstimated
yield for design: 30 n3/kml/y x 2.
Tailings from Sg. Kenau, Sg. Belat,
Agriculture development in upper
Kuantan.

Salt water problem at JKR's Kg. Kobat
intake (17 kg). Tidal effect up to
40 km. Release of min. flow of 300-
350 mgd. recommended. :

Remarks: #*: Major problems requiring some improving measures
H ] p P g
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Table 5 FLOODED AREA BY RECORDED MAXIMUM FLOOD

IN PAHANG
) Estimated Damape
Basin Flooded Population at 1980
No. River Basin Year Area (km2) 1980 (103) Condition (M$106)
27 Endau 1969 268 1 0.2
| Pontian 1969 154 1 0.4
28 Rompin . 1971 792 3 L 0.7
29 . Bebar 1971 978 2 0.6
Merchong 1971 509 - -
30 Pahang 1971 3,085 287 83.7
31 Kuantan 1971 229 29 5.2
Total 6,015 323 90.8
Table 6 LIST OF EXISTING AND PLANNED DAMS
IN PAHANG
Catch- Active =Ne£
Purpose/ ment Storage Supply
Year of Organi- Area Capacity Capacity
Name River Commission = ‘zation (km?) (106 m3) (106 m3/y)
Existing |
Labong ~  Endau IR : DID - - 0
Abt Bakar  Pahang HY NEB 183 - 0
{To BRasin 10)
Uﬁder Consfrﬁétion
Kuantan/ Kuantan T8, WS PWD ~ - 0

Barrage

Remarks; WS: Domestic and industrial
‘TM: Flood mitigation
HY: Hydropower
TB: Tidal barrage
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Table 7 HISTORICAL AND PROJECTED POPULATION OF
"DISTRICT BY CITY/TOWN AND RURAL AREA IN
PAHANG (1/2)

Unit: 103
Average
Annual
. Historical Projected Growth (%)
District City/Rural 1980 1985 1990 2000 1980-2000
55. Rompin PT 1 15 28 31 31 3.7
56. Pekan “PT 2 2 8 12 16 11.0
57. Temerioh PT 3 - 4 8 10 6.2
PT 4 1 8 9 12 13.2
PT 5 1 -7 i3 17 15.2 -
PT 6 4 24 33 42 12.5
PT 7 -~ 7 8 10 2.4
PT 8 4 7 19 21 8.6
PT 9 4 8 9 10 4.7
PT 10 4 9 10 10 4.7
PT 11 3 11 13 15 8.4
PT 12 19 23 25 25 1.4
PT 13 - 2 8 ‘11 12.0
PT 14 - 20 24 24 1.2
- PT 15 - 19 - 23 23 1.3
PT 16 - c— 11 14 2.4
PT 17 11 12 12 12 0.4
“PT 18 : 8 10 10 10 1.1
PT 19 5 6 12 12 4.5
PT 20 - - 1 33 33 26.3
130. Mentakab 9 11 13 18 3.5
45. Temerloh 15 16 18 22 1.9
131. Teriang -9 10 12 17 3.2
_ Rural 218 93 20 13 -13.1
District Total 332 344 386 428 1.3
58. Bentong 46. Bentong 25 25 27 30 0.9
Rural 54 89 104 117 3.9
District Total 19 114 131 147 3.2
59. Kuantan 47. Kuantan 145 o224 333 653 7.8
Rural 42 29 26 24 -2.8
District Total 187 253 359 677 6.6
60. Jerantut 48. Jerantut 7 g 13 17 4.5
.~ Rural’ 69 134 163 184 5.1
District Total ' 76 143 174 201 5.0

- 38 ~



Table 8 HISTORICAL AND. PROJECTED POPULATION OF
DISTRICT BY CITY/TOWN AND RURAL AREA IN
PAHANG (2/2)
Unit: 103
~Average
Annual
. Historical Projected Growth (%)
District City/Rural 1980 1985 1990 2000 1980-2000
61. Raub 49. Raub 25 27 30 38 2.1
Rural 43 40 " 38 37 .7
District Total 68 o7 68 75 0.5
62, Lipis 50..Kuala Lipis 11 11 12 14 1.2
Rural 46 44 42 42 0.5
Distriet Total 57 55 54 56 -0.1
63. Cameron Rural 21 28 30 33 2.3
Highlands
Total Urban Total 327 547 779 1,167 6.6
Rural Total 493 457 423 450 -0.4
State Total 820 1,004 1,202 1,617 3.5
Table 9 HISTORICAL AND PROJECTED GROSS VALUE
OF MANUFACTURING OUTPUT BY COMMODITY
GROUP IN PAHANG
voit: ms10®
Year : '
Ttem 1980 1885 1990 2000
Food 177 853 1,783 3,293
Textile 0 0 1 3
Wood 304 949 1,603 2,316
‘Paper ] o 0 a
Publishing 2 17 . 62 417
Chemical 4 29 199 1,072
Rubber 44 243 659 2,337
Non-metal 9 55 154 628
Basic metal 0 0 0 _ g
Machinery 13 98 329 1,897
Others 0 0 1 4
Total 553 2,244 4,791 11,967
in factor_cost at 1970 prices

Remarks;
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Table 10 BASIN AREA AND ASSUMED RIVER MAINTENANCE FLOW
IN PAHANG

Total Effective River

_ Catchment Catchment Balance Maintenance
Basin Area Area Point Flow
No, Basin _ (km?) (kmz) (km) (m3/s)
27 . Endau 4,740 4,350 25 30.2
28 ‘Rompin 4,285 3,730 40 20.0
29 Bebar 1,895 570 49 4.2
30 Pahang 29,300 27,650 44 143.0
31 Kuantan 2,025 1,635 13 11.6

Remarks; The location of balance point is the river length in km
measured upstream from the estuary.
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Table il ESTIMATED AND PROJECTED SERVICE FACTOR AND
PER CAPITA DAILY USE OF NOMESTIC WATER TN PAHANG

Per Capita Daily

Service Factor (%) o " Use (lped)
Estimated Projected - Estimated - Projected
City/Rural 1980 1985 1990 2000 1980 1985 1990 2000
1. Urban Area
€137 P11 80 85 90 100 160 175 190 220
€138 P12 56 85 90 100 115 153 190 220
€139 PT3 Q 85 96 100 0 90  18¢ 220
C140 PT4 56 85 96 - 100 115 148 180 220
Cl4l PTS 56 85 90 - 100 115 153 190 220
€142 PT6 - 56 85 90 100 115 153 190 220
€143 PT7 0 85 96. 100 0 90 180 220
Cl4h P18 56 85 90 100 115 153 190 ~ 220
€145 PT9 56 85 96 100 115 148 180 220
Cl46 PT10 56 85 90 100 115 153 190 220
Cl47 PT11 56 85 90 100 115 153 190 220
C148 PT12 . - 80 85 90 100 160 175 190 220
C149 PT13 0 85 96 . 100 0 .90 180 220
€150 PT14 0 85 90 100 0 95 190 220
€151 PT15 0 85 .90 100 0 95 190 220
€152 PTL6 0 0 90 100" 0 95 190 220
€153 PTL17 80 85 20 100 160 175 © 190 220
€154 PT18 56 85 90 100 S115° 153 190 220
‘€155 PT19 56 85 90 100 115 153 190 220
Cl56 PT20 0 85 90 100 0 g5 190 220
45 Temerloh - 80 85 90 100 160 175 190 220
46 Béntong. ' 80 85 90 100 160 175 190 220
. 47 Koantan - 100 - 7100 100 100 170 185 200 250
48 Jerantut -~ 56 85 90 100 115 153 190 220
49 Raub 80 85 90 100 160 175 190 220
50 Kuala Lipis’ 80 85 90 100 160 175 190 220
130 Mentakab 56 85 90 100 115° 153 190 220
131 Teriang 56 . 85 90 100 115 153 190 220
2. Rural Area _ _
PWD Rural 47 - 67 . 73 76 75 100 125 175
MOH Rural 9 21 23 24 40 48 55 70
3. Non-Pipe-Served Area - - - - - 40 40 40 40
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Table 12  NET UNIT MANUFACTURING WATER USE
| PER GROSS VALUE OF MANUFACTURING
OUTPUT BY COMMODITY GROUP

CUnit: m3/d/M$106/y

Assumed/L EStimatedlg' Projected
Commodity Group ' 1975 1980 1985/2 1990 & 2000
1. Food B 77.0 75.0 73.0 71.0
2. Textile 79.0 77.0 '75.0 73.0
3. Wood Product 12.0 12.3 12.7 13.0
4. Paper Product 581.0 560.7 540.3 520.0
5. publishing 10.0 10.0 10.0 10.0
6. Chemicals 140.0 136.7 133.3 130.0
7. Rubber Manufacturing 126.0 105.7 85.3 65.0
‘8. Non—metal 88.0 86.7 69.3 68.0
9, Basic Metal 53.0 51.7 50.3 49.0
10. Machinery 16.0 17.3 18.7 20.0
11. 3 48.7 49.0

Miscellaneous 48.0 - 48.

Remarks; f1: Assumed from data in Japan in 1970
/2: Obtained by interpolation

Note; The values indicated are tnet manufacturing water
use (excluding the water used cyclically) per M$1006
of the gross value of manufacturing output at 1970
price.
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32.8

65.2
32.4
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33.5
11.8

7

31.
20.6
70,7

15.8
70.8
{48.6)

32.6 :
Total sqﬁrce demand

Bomestic water demand .
Industrial water demand

Rater demand:

D:

Rural
Basin Total
I:

Basin Total
47  Kuantan

Remarks;'

Total
(State Total for Pahang)

31




other Basin than the stated Basin.
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Table 14 ESTIMATED AREA=OF IRRIGATED PADDY
FIELD IN PAHANG .
Unit: ha
1980 1990 - - 2000 -

. Basin Main Off . Main Off Main Off
No. Name Scheme Season Season Season - Season Season Season
27. Endau Major - - 5,472 3,852 5,472 5,472
28. Rompin Major - - 5,859 5,859 5,859 5,859

Minor - - . 69 - 69 -
29, Bebar+ Minor 221 ~ 869 - 869 -
30, Pahang Major - - 5,261 2,023 13,354 7,284
Minor 18,451 905 19,303 6,997 20,493 6,880
31. Kuantan Minox 511 - 827 - 827 -
Total 19,183 905 - 37,660 18,731 46,943 25,495

Note; + marked after the name ‘of Basin shows the inclusion of

other Basin than the stated Basin.
Téble 15 ESTIMATED IRRIGATION‘NATER DEMAND FO
PADDY IN PAHANG :

. Unit: 106=m3/y

- ‘Basin . : '
No. Name Scheme 1980 1990 2000
27.  Endau  Major ' - 97 118
28. Rompin Major _ - 125 125
. Minox - 1 1
29. Bebart Minor 3 9 9
30, Pahangt Major T - 117 333
7 Minor 316 423 440
31. Kuantant Minor 8 13 13
Total 327 785 1,039

Note; -+ marked after the name of Basin shows the inclusion of



Table 16  RIVER UTTILIZATION RATIO BY BASIN
IN PAHANG FOR 1990 AND 2000

tnit: 100 md/y
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Sufféce :

Runoff in __ 1990 ' 2000 _

Effective  Source Demand Ratio Source Demand Ratio

Basin Area - Total (2)/(1) _ Total (2)/ (L
No. Name (1) DEI  Ivr. (2} A D&I Irr. (2) {Z)
27  Endau 5,046 39 210 249 5 62 274 336 7
28 Rompin 3,340 30 126 156 5 58 126 184 6
29 Bebar 695 2 9 11 2 4 9 13 2
30  Pahang 24,238 108 585 693 3 235 818 1,053 4
31 Kuantan 1,691 55 13 68 4 155 13 168 10



Table 17 ANNUAL DEFICIT BY BASIN TN PAHANG
FOR 1990 AND 2000
Unit: 106 wl/y
_ . Drought Level
Basin _ 1/N 2/N . 3/N 4/N_ 5/N
No. Deficit Year Deficit Year Deficit Year Deficit Year Deficit Year
11990
27 433.2 1963 132.8 1962 106.9 1961  93.5 1968 71.0 1971
28 312.1 1963 86.1 1962 61.8 1961  52.2 1968 46.9 1971
29 52.0 1963 17.5 1961  17.3 1962  12.8 1968 6.8 1971
30 215.4 1965  73.8 1963 58,2 1979 - 52.7 1977 1.7 1969
31 0.6 1969 0.4 1963 - - - - - -
2000
27 553.7 1963 156.9 1961 155.5 1962 129.9° 1971  113.0 1968
26 318.9 1963  88.6 1962  65.0 1961  S4.5 1968 49.8 1971
29 52.5 1963  17.7 1961  17.5 1962  13.1 1968 7.0 1976
30 225.3 1965  97.8 1977  90.5 1963  69.5 1979 8.0 1967
31 7.9 1969 3.8 1963 2.0 1972 0.2 1961 - -
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Table 18

ASSUMED DEVELOPMENT OF LAND DISPOSAL
IN PALM 0OIL MILLS AND RUBBER FACTORIES

IN PAHANG
Unit:; %
1980 1990 2000
Palm oll mills 25 50 75
0 10

Rubber factories

Table 19

20

'DISCHARGE RATIO, RUNOFF RATIO, INFILTRATION

RATIO AND BOD CONCENTRATION OF EFFLUENT
ASSUMED UNDER PRESENT PURIFICATION LEVEL

IN PAHANG
- BOD Con- _ Infil-
Discharge centration Runoff tration
Pollution Source Year " Ratio {mg/lit) Ratio Ratio
Domestic . o
Urban sewerage 1999 & 2000 0.9 30 1.0 0.2
Urban non-sewerage 1990 0.9 160 0.6 0
2000 0.9 140 0.6 0
Rural 1990 & 2000 0.8 200 0.1 O
Manufacture : :
Urban sewerage 1990 & 2000 1.0 30 1.0 0.2
Urban non—sewerage} 1990 1.0 205 0.6 0
Rural. ' 2000 1.0 155 0.1 0
Palm 0il Mill _ : _
with p.s./1 1990 0.55 50 0.6 0
. 2000 0.3 50+ 0.6 0
‘Without P.S. 1990 0.55 22,000 0.0 0
2000 0.3 22,000 0.6 0
Land disposal 1990 0.1 50 0.6 0
a 2000 " 0.1 50 0.6 0
Rubber Factories : : :
With P.S. 1990 0.9 50 0.6 0
- 2000 0.8 50 0.6 0
Without P.S5. 1990 0.9 2,320 0.6 0
A 2000 0.8 2,320 0.6 0
Land disposal 1990 0.1 50 0.6 0
: _ 2000 0.1 50 0.6 ]
Animal Husbandry 1990 & 2000 1.0 20002 g.1 0

Remarks; /l: Purification System
[2: g/d/head
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Table 20 PROPOSED FLOOD FORECASTING AND WARNING
SYSTEM IN PAHANG

People Rel'ved Construction =  Construction
Basin No. River Basin by F/F (103 Cost (Mﬂoﬁ) Period
30 Pahangl/l 99,1 1.0 5MP
31 Kuantan 8.5 0.5 SMP
Total 107.6 1.5
Remérks; /1 Additional flood faorecasting stations be recommended.
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Table 21 WATER SOURCE DEVELOPMENT PLAN FOR
ALTERNATIVE Bl IN PAHANG

(1) baM '
: Catch-~ Active Net Construc—
ment Storage Supply tion Consktruc—
Bazin : : Avea Capacity  Capacity Cost tion
No. Facilities Purpose  ~ (km?) (106m3)  (206m3/y) (M5106) Period
27 Anak Endau dam IR 36 38 33 76 1983 - 1987
27 Kemelai dam IR 44 Y 41 30 1983 - 1887
30 Perting dam WS 88 119 59 214% 1994 - 1998
30 Bera dam WS 258 1 180 214k 1985 - 1989
31 Kuantan Batrrage us - - - 20 U/c 1981 - 1985
{2) DIVERSION FACILITIES = : .
Diversion Congtruc~ E
Basin Discharge tion Construc—
Basin Transfer Capacity Cost tion
Ho. Mversion Facilities {Basin No.) (m3/s) (151063 Pericd
30 Perting diversion Pahang to Selangor 4 6+ 1994 - 1998
{tunnel) 30 to 13-15
30 Bera diversion Pahang to N.Sembtlan 13 RYA 1985 - 1989
(canal) 30 to 21
Remarks; TR = lrrigation; WS = Water Supply; U/C = Under Construction
Gonstruction cost is the financial cost at 1980 constant price.
*¥ = For diversion to Kelang Valley,
*#% = For diversion to Muar river.
Table 22 WATER SOURCE DEVELOPMENT PLAN FOR
ALTERNATIVE B2 IN PAHANG
{1) Dawm .
Catch- Active Net Construc~
ment Storage Supply tion Construc—
Basin © Area.  Capacity Capacity Cost tion
No. Facilities Purpose . -(kmZ)} (106m3}  (106m3/y) (M$106) Period
27 Anak Endau dam iR 36 28 12 - 45 1983 - 1987
27 Kemelai dam IR 44 34 35 18 1983 - 1987
30 Perting dam WS 88 119 59 214% 1994 - 1998
31 Kusntan barrage = WS - - - - 20 U/ 1981 - 1985
(2) DIVERSTON FACILITIES
) . Diversion Constric—
Basin ‘Discharge tion Construc~
Basin : ) : Transfer Capacicy Cost . tiom
No Diversion Facilities {Basin No.) ' {n3/s) {(M$105) ‘Period
30 Perting diversion Pahang to Selangor 4 6% 1994 - 1998
{tvanel) 30 to 13-15

Remarks:_ IR = trrigation: W8 = Water Supply: U/C = Under Conmstriction
Construction cost is the financial cost at 1980 constant price.
* = For diversion to ¥elang Valley.
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ﬁATER SOURCE DEVELOPMENT PLAN FOR

Table 23
: ALTERNATIVE B3 IN PAHARG

Catch- Active Vet Construc~

ment Storage  Supply tion Construc~
Basin . Area Capacity Capacity Cost tion
No. Facilitles Purpose  (km2) (106m3) ~ (106m3/y) (M5106) Period
27 Anak Endau dam IR 36 26 11 38 1983 - 1987
27 Kemelai dam IR 44 31 30 15 1983 - 1987
a1 s - - - 2Q 4/C 1981 ~ 1985

Kuantan barrage

Remarks; WS = Water Supply; U/C = Under Construction; IR = Irrigation

'OUTLINE OF FLOOD MITIGATION PROGRAM

Table 24
BY ALTERNATIVE IN PAHANG
Basin ‘ R.TI. Dam _F.W. Pold. N.S. P,P.‘ - FLA. C.C.
No. Basin Name = (km) (nos) (km) (nos) (103) (103) (103ha) (M$105)
ALTERNATIVE Il
30 Pahang 523 3 - - - 316 267 1,914
31 " Kuantan - 56 -~ - - - 50 17 106 -
Total 579 3 - - - 366 1284 2,020
ALTERNATIVE F2 o
30 Pahang ~ 3 - 4 10 63 3 412
31 Kuantan 3] - - 1 - 27 2 34
Total 6 3 - 5 10 90 5 446
ALTERNATIVE F3
30 Pahang - 3 - 4 112 63 3 412
32 Kuantan 6 - - 1 - 27 2 34
Total 6 3 - 5 112 90 5 446
Remarks; R.I. River improvement, P.P.: Population protected
F.W. : Floodway, (the year 2000)
Pold.: Polder, F.A.: Flood area relieved
N.S. Non-structural measure, C.C.:

in person
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Table 25

RECOMMENDED WATER SUPPLY DEVELOPMENT PLAN

TOR CITIES/TOWNS IN PAHANG
Basin Code 1985 1990 2000

No. No. City/Town TC SF SP TC SF 5P TC ST SP
21 Cl45 2.4 85 6.8 3.3 % 8.1 7.1100 10,
27 ©151 6.9 85 16,2 10.1 -90 20,7 15.3 100 23,
28 €139 1.2 8 3.4 3.0 90 7.2 7.1100 10,
Cl41 1.8 85 6.0 5.8 90 11,7 11,5100 17.

C142 8.4 85 20.4 14.2 90 29.7 28.8 100 42.

C143 1.8 85 6.0 3.0 9 7.2 7.1100 10.

C146 2.4 85 7.7 4.7 9 9.0 7.1 100 1O,
cl47 3.9 85 9.4 5.8 90 11.7 10.7 100 15,

C148 7.9 85 19,6 11.2 90 22.5 17.0 100  25.

C149 0.6 8 1.7 3.0 9 7.2 7.7 100 11.

€150 6.9 85 17.0 10.7 90 21,6 15.9 100 24,

29 - Cl40 2.4 85 6.8 3.3 90 8.1. 8.2100 12.
30 45 Temerloh 10.6 85 13.6 18,4 90 16.2 55.9 100  22.
46 Bentong 6.6 85 21.3 9,0 90 24,3 17.8 100 30.

48 Jerantut 9.0 85 7.7-17.8 90 9.9 57.8 100 17.

49 Raub 9.3 85 23.0 14,2 90 27.0 35.6.100 38.

50 Kuala Lipis . 3.9 85 9.4 5.5 90 10.8 9.6 100 14,

130 Mentakab 7.8 85 9.4 14.0 90 11.7 42.7 100 18,

131 Teriang 3.6 85 8.5 3.6 90 10.8 11.5 100 17.

¢137 9.9 85 23.8 13.2 90 27.9 21.1100 31,
138 2.4 85 6.8 5.5 90 10.8 11,2 100 16.
Cl44 1.8 85 6.0 8.5 90 17.1 14.5 100 21.
C152 0.0 0 0.0 4.9 9 9.9 9.6 100 14,

153 4.5 85 10.2 5.5 90 10.8 8.2 100 12.

Cl154 3.6 85 8.5 4.7 9 9,0 7.1100 10.

C155 1.8 8 5.1 5.5 90 10.8 8.2 100 12.

156 0.3 85 0.9 14,2 90 29.7 22.7 100 ' 33.

31 47 Kuantan 76.3 100 224.0 128.5 100 333.0 347.1 100 653.
Total 197.9 91 499.2 351.1 94 734.4 824.1 100 1167.0
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Table 26

RECOMMENDED TREATED WATER SUPPLY DEVELOPMENT PLAN
FOR RURAL AREA IN PAHANG

Remarks; SD: Soures demand in the rural area in the correeponding year in 106 m3/y

SF: Service factor in the rural area in %
8P: Served population in the rural area in 103 persons

- 52 -

Basin 1990 2000
No. Basin Name TC sp TC SF SP SF sSP
27 Endau 14,2 .5 59.8 20.8 741 81.7 99.9 90.7
28 Rompin & Pontian 21.1 66.7  18.6 1.2 73.3 4.4 76.9 3.0
29 Bebah & Merchong 0.9 66.7 6.8 0.3 72,7 1.6 78.6 1.1
30 Pahang & Penor 53,9 .8 323.8  69.3 73.7 350,7 76,7 369.3
31 Kuantan 2.1 1661 12.5 2.4 12,8 12.3 76.3 11.9
Total 92,2 ~ 421.5 94, -~ 450.7 - 476.0
Pahang 48.5 304.6 60, 2.7 307.4 76.1 344.0
Remarks; TC: Treatment cépacity réquired.in the corresponding year In 103 m3/d
SF: Service factor 1In %
SP: Served population in 103 persons
Table:27 RECOMMENDED UNTREA]ED WATER SUPPLY DEVELOPMENT
PLAN FOR RURAL AREA IN PAHANG
Basin 1990 2000
No., Basin Name 5D SP SD SF SP
27 Endau 0.1 6.0 0.1 41 4.5 0.2
28 Rompin & Pontian 0.1 5.8 0.0 23.3 1.4 0.9
29 Bebar & Merchong 0.0 2.1 0.0 22.7 0.5 0.3
30 Pahang & Penor 1.9 89.8 2,5 21,0 100.1 112.5
31 Kuantan 0.1 3.9 0.1 23.1 3.9 3.7
Total 2.2 107.6 2.7 -~ 110.4 - 117.6
Pahang 1.9 95,7 2.4 22,8 96.5 108.0



Table 28 RECOMMENDED WATER SOURCE DEVELOPMENT PLAN

(tunnel)

3Q to 13-15

Remarks; IR = Irrigation; WS = Water Supply; U/C = Under Construction

Construction cost is the financial cost at 1980 comstant price.

% = For diversfon to Kelang valley.
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IN PAHANG
(1) DaM
. Catch~ Actjve . Net Construc-
ment Storage Supply tion Construc~
Basin ) Area Capacity ~Capaclty Cost tion
No. Facilities Pugpoge - (km2) (106m3)  (106m3/y) (M5106) Period
27 Anak Endau dam IR 36 26 11 i8 1983 - 1987
27 Kemelal dam IR 44 il 30 .15 1983 - 1987
30 Perting dam WS 88 119 59 214% 19694 - 1998
31 Kuantan barrage Ws - - - 20  U/C 1981 - 1985
{2) DIVERSION FACILITIES .
Diversion - Construc—
_ Basin .’ Discharge tion Constyuc~
Basin : . Transfer Capacity Cost: tion
No. Diversion Facilities (Basin No.) (m3/s) (M$106) Pexiod
30 Perting divérsion Pahang to Selangor 4 6% 1994 - 1998



Table 29 RECOMMENDED PLAN FOR IMPROVEMENT OF
' PURIFICATION SYSTEM IN PALM OIL MILLS
AND RUBBER FACTCRIES IN TREATMENT
CAPACITY IN PAHANG

. : Unit: m3/d
: Basin 1981 -.1990 _ 1991 - 2000
No. Name Palm 0il Rubber Total Palm 01l Rubber Total
21 Muar 1,292 7,076 8,368 1,332 1,224 ?.,556
27 Endau 1,852 244 2,096 1,684 188 1,872
28 Rompin 1,308 ' 0 1,308 4 0 4
~ Total 4,452 ' 7,320 11,772 2,020 1,412 4,432
Table 30 ASSUMED PUBLIC SEWERAGE DEVELOPMENT
NOT AFFECTING RIVER WATER QUALITY
IN PAHANG
1990 ' 2000
. ' Served Served
_ . : Treatment Service Popu~  Treatment Service Popu-
Basin City/Town Capacity Factor latin Capacity Factor lation
No. _No. _ Name (o3m3/d) - (%) (103 (103w3/d) (%) (103)
3L c47  Kuantan 75 60 200 288 80 522
Total - : _ 75 - 200 238 - 522
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Table 31 POLLIEION LOAD IN 2000 BY BASIN UNDER
WITH-AND-WITHOUT IMPLEMENTATION OF
RECOMMENDED PLAN IN PAHANG

Without Preject With Project

BOD Load into Max. BOD BOD Load into Max. BOD
Basin  Basin River (tomn/d) in River River (ton/d) in River
No. Name PR UXI RA Total (mg/lit) PR Ul RA Total (mg/lit)
21 Muar 20 7 1 28 30 05 2 7 7
27  FEndau 15 9 0 2 29 0 4 0 4 7
28 Rompin 5 9 0 14 9 2 4 0 6 5.
29 Bebar ' 1 0 1 7 0 1 0 1 7
30 Pahang 4L 37 1 79 4 41 37 179 4
31 Ruantan 6 0 O 6 4 6 0 0 6 4
Total 87 63 2 152 - 49 51 3 103 -

Remarks; PR: - Palm oil mill and rubber factory effluent
UI: Urban sewer and industrial effluent
RA: Rural sewer and animal husbandry
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Table 32

RECOMMENDED FLOOD MITIGATiON PROGRAM TN PAHANG

N.S.

( } = Loctdental function
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Basin  Name of R.I.” F.W. ~Dam Pold. P.P. F.A, C.C.
No. River (kn) (km) (nos) (nos) (103) (103) (103ha) (M310%)
By 1990
30 Pahang - - 1 10 35 2 132
31 Kuantan ~ - - w - - -
Total - - 1 10 35 2 132
By 2000
30 Pahang - = 4 10 63 3 412
31 Kuantan 6 - 1 - 27 2 34
Total 6 - 5 10 90 5 446
Remarks; R.I. : River improvement, P.P.: Populatibﬁ protected
F.W. : Floodway, (the year 2000)
Pold.: Polder, o F.A, Flood area relieved
N.S. : WNon-structural measure, C.C.: Construction cost
in population (2000)
Table 33 RECOMMENDED HYDROPOWER DEVELOPMENT PLAN
IN PAHANG
Catch; o : Regu~ Construc— Year
ment  Active Surface Install. Annual lated tion of
Basin Area Storapge .Area Capacity Energy Outfliow Cost Commis-
No. Project (km2)  {106m3)  (km?) () {GWh) Purpose (m3/s)  (M5106) sion
30 Tembeling ) 2,850 1,730 250 110 440 . HY 44 310 1988
(Upper) (IR,WS)
30 Tekai & Penut 1,390 1,070 68 74 370 HY ,FM 27 258 1990
. (IR,WS)
30 Telom Hilir 1,200 .500 28 98 480 HY,FM 28 191 1991
30 Jelai Kechil . 890 560 70 60 300 HY,FM 21 250 1992
30 Maranm 25,0000 - 197 130 680  HY,IR - 431 1993
.30 Jelai 3,060 138 88 10 34 HY 4 . 69 1996
30 Tarum 1 730140 18 5. 14 Hy 4 59 1997
Total 35,120 4,138 719 487 2,313 128 1,568
Remarks; Construction cost is the financial cost at 1980 constant price,



Table 34 ASSUMED UNIT CONSTRUCTION COST (1/2)

1. Compensation on Land (M$108/km?)

Irrigated paddy 2.5 ° Urban area class 5 100
Rainfed paddy ' 1.5 Urban area class 4 10
Tree crop fiéld classes A&B 1.5 Urban area class B

Tree crop field class C 0.5 Village area class A 3
-Forest class A ' 0.5 Village area class B 1
Eo'rest class B 0.1 5t .very good access, A: good access

B: poor access, (3 very poor &ccess

2. ‘Resettlement (M$103/household)

Urban ' 30 Rural 10

3. Civilwork

Dam M$48—66.per_m3 of embankment volume

Canal ' .M$50~94/m per m3fé of.discharge capacity
Tunnel M$160-182/m per m3/s of discharge capacity
Pipeline- M$990-1,980/m per md/s of discharge capacity
Barrage/Weir - M$1,320/m per m3/s of 100-y maximum capacity

Pumping stationm ~ M$7,700-14,300 m3/s of discharge capacity

4, River Facllitles

-thgggi_igggggement (M$106 /km) Eloodgg& (M8106 /km)
200 m3/s. 0.2 - 0.4 : 200 m3/s 0.2 - 0.5
500 m3/s 0.3 - 0.6 . 500 m3f/s 0.4 - 0.9

1,000 m3/s 0.4 - 0.8 1,000 m3/s 0.5 - 1.2
10,000 m3/s 1.2 - 2.9 2,000 m3/s 0.7 - 1.8
Polder

Protection bund M$150~700 x 103/km
Drainage system M$540 x 103/km
Drainage pump M$150-380 x 103 per m3/s

Remarks; Unit construction costs include the engineering and adminis-
tration cost, but the physical coatingency is not included.
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Table 35 ASSUMED UNTT CONSTRUCTION COST (2/2)

D&I Water Supply System

Pipeline M5430/m per m3/s of discharge capacity
Treatment plant M$710 per m3/d of capacity
Distribution system  M$1,300 per m3/d of capacity

Sewerage System - MS157 x 106 per 100 x 103 m3/4

D&I Pre-treatment Systém

Aerated lagoon M$38 x 100 per 100 x 103 w3/d
Rapid sandfilter :
bed M5112 x 106 per 100 x 103 m3/d

"Power Facilities

o i e e e s S ey o s s S e 4 pim

Rated head more than 140 m  M$275~440 per kW

Rated head 20 - 80 mm M3550-880 per kW
Rated less than 30 m M$1,320-1,540 per kW
Transmission lime . M$162-194 x 103 per kmn

s e o S e il o e s o s o

Irrigation Facilities

From rainfed paddy to-irrigated paddy _ M$11,370 per ha
From new reclaimed land to irrigated paddy M$12,300 per ha

From irrigated single cropped paddy to double M$6,150 per ha

Tertiary development and rehabilitation M$5,470 per ha

Remarks; Unit constriction coéts,include the engineering and adminis-
tration cost, but the physical contingency is not included.
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Remarks; (1}):

At 1980 constant price -

Table 36  ESTIMATED PUBLIC DEVELOPMENT EXPENDITURE
FOR HECOMMENDED PLAN IN PAHANG
i Unic: M$100
Sector 4MP SMP 6MP 7MP__ Total
Source Development 52 21 0 0 73
Trrigation 24 308 109 59 500
‘Inland Fishery 4 22 47 71 144
Public Water Supp}_y 197 384 420 169 1,170
Public Water Supply:;
Pre-treatment facilities 21 30 27 11 89
Public Sewerage (Effective for - :
river water pollution abatement) 0 0 0 0 0
Public Sewerage (Others) 46 80 81 32 239
Flood Mitigation : 5 129 146 169 &47
Total 349 974 830 51t 2,662

Remarks ; (1):
(2):

At 1980 constant price

Recurrent expenditure on the capacity, which is

(2): The amount shown for 4MP-is the additional budget,
assuming that the original budget can provide the
capacity necessary up to 1985. :

Table 37 ESTIMATED ANNUAL RECURRENT EXPENDITURE
" FOR RECOMMENDED PLAN IN PAHANG
Unit: M$106
Sector LMP . S5MP HMP P _Total
Source Development 0 1 2 2 5
Irrigation 0 2 25 33 60
"Inland Fishery 0 1 4 9 14
Public Water Supply 0 34 75 110~ 219
Public'Water-Supply;_
Pre-treatment facilities Q 3 6 9 18
Public Sewerage (Effective for. '
river water pollution abatement). 0 0 ] 0 .0
Public Sewerage (Others) ¢ 16 32 45 93
Flood Mitigation 0 56 i3 100 229
Total 0 113 217 308 638

to be constructed by the original budget for 4MP,

is not included.
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Table 38 BENEFICIAL AND ADVERSE EFFECTS OF RECOMMENDED
PLAN FOR WATER DEMAND AND SUPPLY BALANCE
IN PAHANG :

Item - .. Amount

National Economic Development

1.1 Economic Benefit

Irrigation ' (M$10?) 38
D&I water supply - : (M8109) 99
Fish culture (M$106) 6
Reservolr recreation (M510%) ' 5
Total A (M$106) : 148

1.2 Economic Cost
Irrigation- (M5100) 18
D&I water supply : (M$106) B 98
Fish culture _ (M$106). 6
Dams, barrages & diversion facilities ~ (M§106) 3
Total _ (48106) 125
1.3 EIRR S ¢ 10

.~ Environmental Quality..
2.1 Beneficial Effect _
~ Safe maintenance flow period (2000) .See Table
.Surface area of lake created ) © (km?) 8
2.2 Adverse Effect
Possible reduction in kind.of fish
immediately downstream of dams and
barrages {nos. of site) 3
Social Well—béing
3.1 Beneficial Effect

Number of farm households tenefited

by proposed -irrigation in 2000 (103 .15
Number of people served by proposed '
" public water supply in 2000 (103) 1,619
Safe supply period (2000) ' See Table

3.2 Adverse Effect
Number of people to be removed for
construction of facilities (102) 2

Remarks; All effects by proposed hydropower project are not shown
except irrigation, D&I water supply and lake recreation
benefit.
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Table 39 SAFE SUPPLY PERIOD AND SAFE RIVER
MAINTENANCE FLOW PERIOD IN 2000 WITH
RECOMMENDED PLAN IMPLEMENTHED IN PAHANG

Unit: days’

" Safe Maintenance.

Safe Supply Period Flow Period -
Basin Plan Natural Plan Natural
No. Basin Name Implemented Flow Implemented ‘Flow

31  Kuantan 365 340 365 319

Remarks; Natural Flow: Natural flow only is depended upon, with
neither existing nor proposed facilities.
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Table 40 BENEFICIAL AND ADVERSE EFFECTS

OF RECOMMENDED PLAN FOR WATER
POLLUTLION ABATEMENT IN PAHANG

Item

Amou

nt

a

Naticonal Economic Development

1.1 Economic Benefit

Sewerage : ' _
Saving in pre—treatment for D&I water supply  (M$100)

(M$106)

6

20 -

Total

(15106)

1.2 ¥conomic Cost

Sewerage
Private purification facilities/2 (M$106)
Pre—-treatment for D&I water supply (M$109)

(M$100)

26

Total

(145106)

Envirommental Quality

2.1 Bemeficial Effects

- Length of river stretch where BOD concen=-

tration is not more than 10 mg/lit in 2000
compared with without project condition

(study length = 974 km) . . (km)

Length of river stretch where BOD concen-

tration is not more than 5 mg/lit in 2000

compared with without project condition

{(Study length = 974 km) ' (km)

2.2 Adverse Effect

Social Well-Being

3.1 Beneficial Effects

Number of people ‘Served by proposed
sewerage system in 2000 (103)

3.2 Adverse Effect

Remarks;

f1:

(Length of river stretch with Project)/
{Length of river stretch without Project)

$74/75

894753

52

and including the river stretch in the State

of N.Sembilan and Johor.

Including the rubber factories and palm oil mills

4n such part of the State of N.Sembilan and

Johor as located in Basin 21, 27 and 28.
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Table 41 BENEFICIAL AND ADVERSE EFFEGTS OF RECOMMENDED

PLAN FOR FLOOD MITIGATION IN PAHANG

Item

Recommended Plan

National Economic Development

1.1

1.2

1.3

‘Economic Benefit

Damage reduction

Economic Cost

Fleod mitigation'work

EIRR

Environmental Quality

2.1

2.2

Beneficial Effect

Length of improved stretch

Adverse Effect

Social Well-Being

3.1

3.2

Beneficial Effect

Number of protected people by
proposed facilities in 2000

Population served by proposed
flood warning system in 2000

Area velieved from flood hazards

‘Adverse Effect

Number of people to be removed
for construction of facilities
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(1510%)

(M$106)

(%)

(k)

(103)

(103)

(103 ha)

(103)

9.1

13.3

5.0

%0

108



Table 42 BENEFICIAL AND ADVERSE EFFECTS OF
RECOMMENDED PLAN FOR HYDROPOWER
DEVELOPMENT FOR PENINSULAR MALAYSIA

Item _ "~ Amount

1. National Economic Development

1.1 Economic Benefit
Power generation (M$106) 344

1.2 Economic Cost

Dam & power facilities (M5105) _ 107

1.3 EIRR : (%) 22

2. Environmental Quality

2.1 Beneficial Effect

Surface area of reservoir created (km?) 1,170

: 2.2 Adverse Effect

. Number of sites where kind of fish.
might be reduced being located
immediately downstream of dam ' (nos. of site) C 13

3. Social Well-being

3.1 Adverse Effect

Number of péople to be removed for :
construction of facilities - (103) 23

Remarks; (1): Figures in this table cover 3 States, i.e. Pahang,
Trengganu and Kelantan.

(2): Economic benefit other than power generation benefit
is not shown here, but included in the water demand
and supply account. '

- 64 -~



Table 43 SUMMARY OF FUTURE ECONOMIC NET VALUE
OF WET PADDY BY TYPE OF SCHEME 1IN
PAHANG

Unit Gross Produc~ Ret
Yield Price Value tion Cost Value
(ton/ha) (M$/ton) (M$/ha) {M$/ha) (M$/ha)

(1) Major Irrigation Scheme
(Rompin Endau and Trans

Pahang) _ _
Double cropping 8.0 640 5,120 1,671 3,449
Single cropping 3.8 640 2,432 803 1,629
(2) Minor Irrigation Scheme
Double cropping 7.2 640 4,608 1,502 3,106
Single cropping 3.4 640 2,176 738 1,437
(3) Rainfed Scheme
Single cropping 1.7 640 1,088 629 459
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ESTIMATED AND PROJECTED SERVICE FACTOR AND PER

Table 44
CAPITA DAILY USE OF DOMESTIC WATER IN PAHANG
UNDER 'THE CONDITION OF LOWER ECONOMIC GROWTH
Service Factor (%) Per Capita Daily lUse (lpcd)
: Estimated Projected Estimated - .. Projected
City/Rural . 1980 1985 1990 2000 1980 1985 1990 2000
1. Urban Area . _
C137 PT1 80.0  85.5 °90.0 95.0 160.0 170.0 185.0 210.0
C138° pT2 55.9 87.4 90.0 95.0 75.0  95.0 185.0. 210.0
€139 PT3 - 87.4 95.0 99.0 - 95.0 115.0 155.0
Cl40 PT4 35.9 - 87.4 95.0  99.0 75,0  95.0 115.0 210.0
Cl41 PTS 55.9 87.4 90.0  95.0 75.0 . 95.0 185.0 210.0
C142 PT6 55,9 .85.0 90,0 95.0 75.0 170.0 185.0  210.0
- €143 PT7 - 87.4 . .95.0 99.0 - 95.0 115.0  155.0
Cl44 PT8 55.9 87.4 90.0 95.0 75.0° 95.0 -185.0 210.0
Cl45 PT9 "55.9  87.4 95.0  99.0 '75.0 © 95.0 115.0° 155.0
Cl46 PT10 55.9 .87.4 95.0 99.0 75.0  95.0 115.0 155.0
~Cl47 PT11 55.9 85.0  90.0  95.0 75.0 170.0 185.0 210.0
€148 PT12 80.0 85.00 90.0 95.0 160.0 170.0 185.0 210.0
Cl49 PT13 - 87.4 95.0 95.0 - 95.0 115.0 210.0
C150. PT14 - 85.0 90.0 95.0 - 170.0 185.0 210.0
Ci51 PT1i5 - 85,0 90.0 95.0 - 170.0 185.0 210.0
Cl52 PT16 - - 90.0 895.0 - - 185.0 210.0
C153 PT17 © 80.0 85.0 90.0 95.0 160.0 170.0 185.0 210.0
€154 PT18 55.9 87.4 95.0 99.0 75.0 95.0 - 115.0 155.0
€155 PT19 - 55.9 87.4 90.0 95.0 75.0 . 95.0 185.0 210.0
€156 PT20 - ~87.4  90.0  95.0 - 85.0 185.0 210.0
45 Temerloh . 80.0 85.0 90.0 95,0 160.0 170.0 185.0 210.0
46 Bentong 80.0 85.0 30.0 95.0 160.0 170.0 185.0 210.0
47 Kuantan 100.0 100.0 100.0 100.0 170.0 °180.0 195.0 240.0
48 Jerantut 55.9  87.4 90.0 95.0 75.0 95.0 185.0 .210.0
49 Rab 80.0 85.0 90.0 95.0 160.0 170.0 185.0 210.0
506 Kuala Lipis 80.0 85.0 90.0. 95.0 160,0 170.0 185.0 210.0
130 Mentakab 55.9 85,0 90.0 95.0 75.0 170.0 185.0 210.0
131 Teriang 55.9 85.0 0.0 95.0 75.0 170.0 185.0 210.0
2. Rural Area
PWD Rural 47.0  66.5 72.3 75.3 '75.0 95.0 115.0 155.0
MCH Rural 8.9 20.9 22.7 23.7 40.0 ° 45.0  55.0  65.0
3. Non-Pipe-Served Area -~ - - - 40.0 40.0  40.0 40.0
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Table 46 RECOMMENDED WATER SUPPLY DEVELOPMENT PLAN
FOR CITIES/TOWNS IN PAHANG UNDER THE
CONDITION OF LOWER ECONOMIC GROWTH
Basin Code L 1985 1990 2000

No. No. City/Town TC SF SP TC SE SP TC SF SP

21 145 | 1.8 8 6.0 1.1 90 7.2 4.1 96 8
27 151 5.8 85 14.5 8.5 90 18.9 11.8 95  20.
28 139 1.1 85 34 1.1 9 6.3 4.1 96 8.
141 1.9 85 5.1 3.0 90 10.8 8.5 95 14.3

142 7.1 85 18.7 7.1 90 27.0 21.4 95  36.

143 1.9 8. 5.1 1.1 90 6.3 4.1 96 8

146 2.2 8 6.8 1.6 90° 8.1 1 9% 8

147 3.3 8 8.5 4.9 9 10.8 7.9 95 13

148 7.1 85 17.9 9.0 90 0.7 12.9 95 2I.

149 0.5 8 1.7 2.5 90 6.3 5.8 95 9.

150 6.0 85 15.3 9.0 90 19.8 12.3 95 20.

29 14D 1.9 8 6.0 1.1 90 7.2 6.3 95 10.

30 45 Temerloh 10.1 85 13.6 15.1 90 15.3 35.9 95 17
46 Bentong 6.3 85 21.3 7.9 90 22.5 12.1 95 23,

48 Jerantut 8.4 85 7.7 14.5 90 9.9 36.4 95 13.

49 9.0 85 23.0 12.3 90 26.1 23.6 95 29,

50 3.8 -8 9.4 4.7 9 9.9 6.6 95 1l

130 Mentakab 7.7 85 9.4 11.5 90 10.8 27.1 95 14.

131 Teriang 3.2 85 8.5 4.7 90 9.9 - 7.9 95 13.

137 8.5 85 - 21.3 11.2 90  25.2 15.9 95  26.

138 1.9 85 6.0 4.7 90 9.9 7.9 95 13

144 1.9 8 5.1 4.1 90 15.3 10.7 95 18,

152 0.0 0 0.0 3.8 90 9.0 7.1 95 12

153 3.8 85 9.4 4.7 90 9.9 6.3 95 10.

154 2,5 85 7.7 3.0 90 8.1 4.1 96 8.

155 1.1 85 4.3 4.7 9 9.9 6.3 95 10.

156 0.3 85 0.9 11.8 90 27.0 ~17.0 95 = 28,

31 47 Kuantan 73.2 100 222.0 114.0 100 316.0 257.0 100 541.
Total 182.3 92 478.6 282.7 94 98 973.0
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Table 47

RECOMMENDED TREATED WATER SUPPLY DEVELOPMENT PLAN
FOR RURAL AREA IN PAHANG UNDER THE CONDITION OF
POWER ECONOMIC GROWTH

Basin _ 1985 1990 2000
No. Basin Name TC SF SP TC _ SF _ sP TC__SF sp
27 Endau 13.9 '54.6 61.4 21.1 73.6 90.9 37.7 96.6 141.0
28 Rompin & Pontian . 3.6 06.4 23.3 2.4 72,0 13.4 5.7 75.5 24.0
29 Behar & Merchong 1.2 66.7 8.6 0.9 72.1 4.9 2.1 75.2 8.8
30 Pahang & Penor 52,1 67.8 335.2 69.0 73.2 382.0 117.5 75.9  496.8
3 Kvantan & Others - 2. 66,0 12,5 2.0 7.8 V1.7 2.7 75.2  10.3
Total 72.9 - 441,0  95.5 - 502.9 165.7 - 680.9
Pahang 48,2 66.5 322.0 61.2 72.3 346.1 111.2 75.3  469.3
Remarks; TC: Treatment capaclty vequired in the corresponding year im 103 m3/d
SF: Service factor in %
S8P: SErved population in 103 persons
‘Table 48 RECOMMENDED UNTREATED WATER SUPPLY DEVELOPMENT
PLAN FOR RURAL AREA IN PAHANG UNDER THE
CONDITION OF TLOWER ECONOMIC GROWTH
Basin 1985 1990 2000
No. Basin Name © 8D ST sr SD SFE SP SD SF 5P
27 Endau . 0.1 5.7 6.4 0.1 4.4 5.4 0.0 0.9 1.3
28 Rompin & Pontian 0.2 20,8 7.3 0.1 22.6 4.2 0,2 3.6 1.5
29 Bebar & Merchong 0.1 20.9 2.7 0.0 22,1 1.5 0.1 23.9 2.8
30 Pahang & Penor 2.0 18,8 93,1 2.6 20,9 108.9 4.5 22.9 149.9
31 Kuantant 0.1 20,6 3.9 0.1 22.7 3.7 0.1 23.4 3.2
Total 3.5 - 113.4 2.9 - 1237 4.9 -~ 164.7
Pahang 2,2 20.9 101.0 2.5 22.7 108.6 4.4 23.7 147.4

‘Remarks; SD: Sourcé_demand in: the rural area in the corresponding
SF; Service factor in the rural area in % .
§P: Served population in the rural area in 103 persons

- .69 -
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RECOMMENDED WATER SOURCE DEVELO?MENT PLAN

Table 49
IN PAHANG UNDER THE CONDITION OF LOWER
ECONOMIC GROWTH
Catch- Active Net Construc~-
ment Storage Supply tion Construe-
Basin . Area Capacity  Capacity Cost tion
No. Facilities Purpose (km?} {1.06m3)  (106m3/y) (M$106) Period
27 Anak Endau dam IR 36 26 11 38 1983 - 1987
27 Kemelai dam IR 44 31 30 15 1883 - 1987
n Kuantan barrage Ws - - - 20 u/c 1981 - 1985
Remarks; WS = Water Supply; U/C = Under Construction; TR = Irrigation
Table 50 RECOMMENDED PLAN FOR IMPROVEMENT OF PURTFICATION
SYSTEM IN PALM OIL MILLS AND RUBBER FACTORIES
IN PAHANG UNDER THE CONDITION OF LOWER ECONOMIC
GROWTH .
Unit: m3/d
Basin 1981 - 1990 © 1991 - 2000
No. Name Palm 0il Rubber Total Palm Oi}l Rubber Total
21 Muar 1;292 7,076 8,368 1,332 1,224 2,556
27_ Endau 1,852 _244 2,096 1,684 188 1,872
28 Rompin 1,308 0 1,308 4 0 4
Total ' 4,452 7,320 11,772 1,412 4,432

3,020
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Table 51 ASSUMED PUBLIC SEWERAGE DEVELOPMENT NOT AFFECTING
' RIVER WATER QUALITY IN PAHANG UNDER THE CONDITION
OF LOWER ECONOMIC GROWTH .

1990 2000
_ Served Served
. Treatment Service Popu- Treatment Service = Popu-
Basin City/Town Capacity Factor lation Capacity Factor lation
No. No. Name (103m3/d) (% (103  (103m3/4) (%) (103)
31 C47 Xuantan 49 45 142 166 : 65 352
Total 49 - 142 166 - 352
Table 52 RECOMMENDED FLOOD MITIGATION PROGRAM TN PAHANG

UNDER THE CONDITION OF LOWER ECONCMIC GROWTH

Basin  Name of R.I. F.W. Dam Pold. N.S.  P.P.  F.A. ~ C.C,
No.. River (km) (km) (nos) (nos) (103) (103) (103ha) (M$10%)
By 1990 |
30°  Ppahang - - 2 1 10 35 2 132
31 Kuantan - - - - - - - -
Total - - 2 1 10 35 2 132
By 2000 _ _ _
30  Pahang - - 3 4 - 10 63 3 412
31 Kuantan 6 - - 1 - 26 2 34
Total 6 - 3 5 10 89 S 446
Remarks; R.I. : River improvement, P.P.: Population protected
© F.W. : Floodway, . (the yeat 2000)
Pold.: ‘Polder, ‘ F.A.: Flood area relieved
N.S. : Non-structural measure, C.C.: Coustruction cost

in population (2000)
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Table 53 ESTIMATED PUBLIC DEVELOPMENT EXPENDITURE
: ' oF RECOMMENDED PLAN IN PAHANG UNDER THE
'CONDITION OF LOWER ECONOMIC GROWTH

Unit: M$106

Sector _ 4MP  SMP 6MP TMP Total
Source Development 52 21 0 0 73
- Irrigation 24 308 109 59 500
Inland Fishery _ 4 28 53 . 65 150
Public Water Supply 174 315 330 133 952
Public Water Supply; o
Pre—treatment facilities 17 24 20 8 . 69
Public Sewerage (Effective for '
river water pollution abatement) o 0 0 0 0
Public Sewerage (Others) 31 48 47 19 145
Flood Mitigation 5 129 146 167 b4}
Total 307 873 705 451 2,336

Remarks; (1): At 1980 constant price
(2): The amount shown for 4MP is the addltional budget,
assuming that the original budget can provide the
capacity necessary up to 1985.

Table 54 ESTIMATED -ANNUAL RECURRENT EXPENDITURE
' OF RECOMMENDED PLAN IN PAHANG UNDER
THE CONDITION OF LOWER ECONOMIC GROWTH

Unit: M$10°

Sector : 4MP 5MP 6MP 7MP Total
Source Development 0 1 2 2 5
Irrigation Rt 2 25 33 a0
Inland Fishery 0 1 4 11 16
Public Water Supply - 0 28 59 85 172
Public Water Supply;

Pre-treatment facilities 0 3 5 6 14
Public Sewerage (Effective for

.river water pollution abatement) 0 0 0 0 0
Public Sewerage (Others) 0 10 20 27 57
Flood Mitigation 0 56 73 100 229

Total o

101 188 264 553

Remarks; (1): At 1980 constant price
{2): Recurrent expenditure on the capacity, which is ~
to be constructed by the criginal budget for 4MP,
is not included.
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Table 55 BENEFICIAL AND ADVERSE FFFECTS OF RECOMMENDED
PLAN FOR WATER DEMAND AND SUPPLY BALANCE
IN PAHANG UNDER THE CONDITION OF LOWER
ECONOMIC GROWTH

- Item : Amount

National Economic Development

1.1 Ecbnomic Benefit

. Irrigation (M$10%) 38
D&T water supply M$108) 69 .
Fish culture (M$10%) _ 7
Reservoir recreation (M3106) 5
Total (M$106) 119
1.2 Economic Cost

Irrigation (M$106) 18

D&T water supply (M$109) 68

Fish culture L (M$108)- - 7
Dams, barrages & diversion facilities (M$106) 3
Total ' (M5106) 96

1.3 EIRR ) 11

Environmenﬁal Quality
2.1 Beneficial Effect
Safe maintenance flow'pefipd (2000) See Table
- Surface area of lake created (km2) 7
2.2 Adverse Effect
Possible reduction in kind of fish
immediately downstream of dams and :
barrages (nos. of site) 2
Social Well-being
3.1 Beneficial Effect

Number of farm households'benéfited

by proposed irrigation in 2000 - (103) 15
Number of people”sérved by proposed .
- public water supply in 2000 (103) 1,589
Safe supply period (2000} See Table

3.2 Adverse Effect

Number of people to be removed for '
‘construction of facilities (102) _ 1

Remarks; All effects by proposed hydropower project are not shown
except irrigation, D&I water supply and lake recreation
benefit. o : :
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Table 56 " BENEFTCIAL' AND ADVERSE LEFFECTS OF
RECOMMENDED PLAN FOR WATER POLLUTION

ABATEMENT IN PAHANG UNDER THE

CONDITION OF LOWER LCONOMIC GROWTH

item

Amount.

National ‘Economic Development

1.1 Economi¢ Benefit

Sewerage
Saving in pre-treatment for D&I water supply

(M$106>
(1$106)

17

Total

1.2 Economic Cost
Séwerage _
Private purification facilities /2
Pre-treatment for D&I water supply

(M$105)

(M$100)
(M$100)
(M5106)

20

Total

Environmental Quality

2.1 Beneficial Effects

. Length of river stretch where BOD concen—
tration is not more than 10 mg/lit in 2000
compared with without project condition
(Study length = 974 km)

Length of river stretch where BOD concen-
tration is not more than 5 mg/lit in 2000
compared with without project condition
(Study length = 974 km)

2.2 Adverse Efféct

Social Well—Being

3.1 'Beneficial Effects

Number of people served by proposed
‘sewerage system in 2000 :

3.2 Adverse Effect

(M$10%)

(km)

(lam).

(103)

Remarks; /1:  (Length of river stretch-wiﬁh.Project)/
S (Length of river stretch without Project)
and including the river stretch in the State of

N. Sembilan and Johor.

A
974,759

971/5851-l

352

/2: Including the rubber factories and palm oil mills

- 74 -

“in such part of the State of N.Sembilan and Johor
as located in Basin 21, 27 and 28.



Table 57 BENEFICIAL AND ADVERSE EFFECTS OF RECOMMENDED
PLAN FOR FLOOD MITIGATION IN PAHANG URDER THE

CONDITION OF LOWER ECONOMIC GROWTH

item

National Economic Development

1.1

1.3

Economic Benefit

Damage reduction

Economic Cost

Flood mitigation work

EIRR

Envirommental Quality

2.1

2.2

Beneficial Effect

Length of improved stretch

Adverse Effect

Social Well-Being

3.1

3.2

Beneficiai Effect

Number of protected people by
proposed facilities in 2000 .

Population served by proposed
flood warning system in 2000

Area relieved_from.flood hazards

Advérse Effect

Number . of people to be removed
for construction of facilities
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(M$106) 3.6
(M$106) 13.3
s 0.6
(km) 6
(103) 89
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Table 58 BENETICTIAL AND ADVERSE EFFECTS OF RECOMMENDED
PLAN FOR HYDROPOWER DEVELOPMENT FOR PENINSULAR
MALAYSTA UNDER THE CONDITION OF LOWER ECONOMIC
GROWTH

Item Amount

National Economic Development

1.1 Economic Benefit

Power generation (M$106) 270

1.2 Econowic Cost

Dam & power facilities (4$1.06) 81

1.3 EIRR (%) 23

Environmental Quality

2.1 Beneficial Effect

Surface area of reservoir created (km?) 1,064

2.2 Adverse Effect

Number of sites where kind of fish
might be reduced being located
immediately downstream of dam (nos. of site) 1%

Social Well-being

3.1 Adverse Effect

Number of people to be removed for
construction of facilities (103) 23

Remarks; (1): Figures in this table cover 3 States, i.e. Pahang,
Trengganu and Kelantan.

(2): Economic benefit other than power generation benefit
is not shown here, but included in the water demand
and supply account.
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