6.3 . Hydropower Development Alternatives

No alternative study was conducted for hydropower'éevolL
opment in Peninsular Malay51a, becuase the target was set to
ldevelop all known potential of economlcal potential. by 2000.
| For Sarawak hydropower development for the supply to Kuching
| only was studled and alternatlve study was left for further.
study

The Tenom pPangi, Phase I/II of 3 x 22 MW is beinéﬁcoﬂ;
structed for the immediate supply to Kota Klnabalu. A diesel
power statlon of 4 x 12 MW will be constructed to support
the Pangi power statlon in the dry perlod in which the power
output of the Pangr power station reduces by the nature of
run-of-river power develOpment. SEB lntends to 1mplement
the Tenom Pangi, Phase III, in order to increase the power
generation capacity and firm up the output during the dry -
period. The Tenom Pangi, Phase III consists of the construc-
tion of the Sock dam with an active storage capacity of 480
million m3 in an upstream tributary of the Padas river to-
augment the low flow_from 40ﬂm3/soto 116 m3/s, and expansion.
of the Pangi power station by 2 x 22 MW in installed capacity.
The power generatlon of 40 MW is also contemplated at the
Sook_dam. If Phase III is 1mp1emented annual energy produc—
tion atrthe Pangl power station will be increased from 475"
GWh to 684 GWh. Under”the'driest.conditiOD, the Pangi’ power
statlon can generate 66 MW for 4 hours per day if Phase I/II
only_ls 1mplemented but it can generate 110 ‘MW for 12 hours
per day after“the‘compietioh of'Phase'III. The'proposea
Sook power station can develop 100 GWh of potentlal though
the dependable output will not be large.

The-Papar'dam project (see-Section 7.2.17) proposed for
the domestic and industrial water supply to Kota Kinabalu
incidentally create a water head between the Papar dam site
and the Kinalut river. Power generation of 30 MW will be

possible, if the size of the Papar dam is increased.
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_ The*Weter head below the Pangi power staticn can be
develeped for power”generation - The Lower Halogllat project
of 144 MW has been prOposed as a storage development The
cost of power ig expected to be qulte low. Flooding of the
exisﬁing railway is-the-constraint,-but.the development of
road network seems to be reducing the importance of this
problem. One of. the alternatmves in this area is the Pangi -
No. 2 power station of 90 MW, which is a run—ofﬂrlver develop—

ment below the Pang1 power station.

'There ere,seme possible sites_for_hydropower development
in the ﬁpper;baein of.the.Pedas river,jaccerding to a map
etudy. The ﬂpper_Padas_Breject; among others, could develop |
170 MW of Power. |

ThelPensiangan'river flows from southern part of Sebah
to the territory of '_I:r_ldo_rléz-.e:‘j'.::;l._= The catchment area is 5,200
km? at.the.berderline. Large,potential in this river system
can be deveioped at a low cost of power even. if the cost of
transmisSion iines ‘both to the west coast and to the east
'coast is lncluded. An exampie is the Pensiangan Project of
370 MW near the borderllne.

Accordlng to a power demdnd pIOJectlon and expans;on'
schedule for major power stations in Sabah prov1ded by SEB
in June, 1982, the total pOWer demand ln 1379 was 73 MW and
it will grow to 155 MW in 1985, 326 MW in 1990 and 1,013 MW
in 2000. The:iargeet demand Center is Kota Klnabalu, in
which progected power ‘demand 1s 148 MW for 1990 and 460 Mw
for 2000. The second largest power demand center 1n the_'
future is Labuan, 1n whlch SEC will supply bulk of 1ndustrlal
power; while SEB JS reSpon51ble only for domestlc power:
supply. The power demand in Tawau is estimated to be 36 MW
for 1990 and 112 MW for 2000. ‘The projected power demand in
Sandakan is 54 MW in 1990 and 168 MW in 2000. The power

demand in other areas will be still minor in 2000,
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B _ Potent1al power sites’ studled are 1llustrated in Flg. 9
end those seemlngly of- high prlorlty progects are- llStEd 1n
Table 34 ln which the Pangl No. 2 and Lower Halogllat are

mutually ekclu81ve

The Tenom Pangl, Phase IIT 1s best accessmble among the
potentlal prOjectS and it can develop a large: potentlal at
fthe Sook 51te and Pangi power station. It can.also provide:
favorable condition for the future Pangi No. 2 or Lower

Halogilat project. The Tenom pangi, Phase IIT should be
;mplemented'ln order to meet the power. demand up to 1990 in
Kota'Kinabalu The Papar multlpurpose prOJect ehould also
be developed in the near future not only for power supply .
but in v1ew of the urgent need for water supply to Kota

_Klnabalu

Two alternatlve power development plans are concelvable
for the perlod after ‘the Tenom Pangi, Phase III and Papar_
mniﬁipurpose project’ depending on thé power supply ‘policy
in. Sabah.: One is to supply Kotafkinabelu'and'ite'ﬁiéinity”
byﬁdeveloping'potential in the Padas river basin. uThe"otHer
is to supply not only Kota Kinabalu but towns in the ‘east '
coast such as Labuan, Tawau and bandakan, if 1nterconnect10n
among theee towns 1s 1mp1emented before 2000. In thlS case
the Pensmangan rlver as well as the Padas rlver should be o
developed Further study belng requlred for pha51ng of devel-
_0pment Selectlon between above—mentloned alternatlves
.depends on a long term power demand and supply master plan
in- Sabah whlch has not been formulated yet Hereln the
former alternatlve is assumed but the development of the
Pensxangan rlver should be eerlouely coneldered in preparlng,

'the long term power demand and supply maeter pian..
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6.4 WatertPollution'Abatement_AlternatiVes__'
Two alternative~p1ansﬁforfwater'pOllution*abatement*
were proposed setting target BOD conoentratiOn in ‘the river.

Alternative Pl: 5. mg/llt in BOD concentratlon in
1990 onwards '

Alternative?PZ:' lO mg/llt in- BOD concentratlon in
' 1990 onwards: '

If the reduction of BOD concehtration in a stretch of
a rlver is found. necessary to attaln the target the im-
provement of pullflcatlon method in all palm o:l mills and
rubber factorles in the rlver was, first of all proposed
The BaSLns where the . 1mprovement was proposed for. both the
alternatlves were all Ba51ns between the Buloh:and Johor-
Basing, and Lhe Merbok Perai, Kurau, Perak, Eerﬁam, Endau,
Rompln and Kemaman ‘Basins in- Penlnsular Malaysia, and the
Silibukan and Bongan Basins in Sabah,_and'the Suai Basln
in Sarawak. ' ' '

If there.still temains.a river stretch of higher'BOD
concentratlon than the proposed llmlt the construction of .
a seWerage system 1n the urban area upstream of  the river
stretch was proposed The proposed sewerage development.
was as shown in Table 35 for Alternatlve P1 and Table 36 for
Alternatlve P2,

No treatment measure was assumed for the sewage from  _
the towns of less than 50, 000 in populatlon and rural areas'
and effluent from anlmal husbandry. Wlth these condltlons,
it ‘was estlmated that some rlver StLEtches in. the west coast
of Penlnsular Malay51a would show hlgher BOD concentratlon

'than the target value.
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The ordinary treatment method for the domestic water
supply 18 the sedimentation, filtration and chlorination,
if BOD concentration in'raw water is not more than 2 mg/lit.
The ordlnary treatment metnod for the 1ndustr1al water supply
is the_sedlmentatlon, 1f BOD concentratlon in raw water is
not more than 5 mg/lit.  Pre-treatment facilities are needed
‘to varying éxtént for raw water above these limits. = For
BOD eoﬁeehtration in raw water more than the ab0ve—mentioned
limit but not more than 20 mg/lit, pre- treatment is carried
out by the rapid sand- fllter bed and actlvated carbon absorp—
tion (secondary treatment) For BOD concentratlon between
20 and 200 mg/llt, ‘an aérated lagoon procesq such as aerated
lagoon or maturlng pond (prlmary treatment) is ‘further needed
The cost for pre-treatment facilities was_taken into account

for the economic comparison of thé alternatives.

BEstimated ?ublic develOpment_eXpenditure.is_as shown
in Table 37 and manpower requirement is estimated as shown
in Table 38. These tables indicate that the public develop-
ment expenditure and manpower requirement will be little
_differeht-betWeen the alternatives, but they will be
concentrated in the earlier part of development, i.e., in
- 4MP and ‘5MP. periods. Tt is necessary to siow'down'the:rate
of development up to 1990. The results of économic benefit
cost analysis as summarized in Table 39 also show little
difference between the alternatives} Although the economic
cost 13 1arger than. the economic. beneflt the water pollutlon
abatement ‘should be conducted from the v1ewp01nt of env1ron—
mental and 5001al well belnq 1mpact The lenqth of river
stretch where BOD concentratlon is estlmated to be more than_
5 mg/llt for 2000 w1ll be reduced by 700 km if Alternatlve Pl
is 1mplemented and by 4JO km 1f Alternative P2 1s 1mplemented.
In this respect, Alternative Pl is preferable.‘ Wlth these .
considerations, it is recommended that the poliution in the
river'should be gradually abated gsetting the target BOD
concentration at 5 mg/lit for 2000,

- 52 -



6.5 Flood Mitigation Alternatives. .
Three alternatives are proposed for the flood mitiga-

tion:

Alternstive Fl: Structural measures are pfovided_by-l
2000 for the entire river system to
protect 90% of people within the flood

prone area.

Alternative F2: Structural and nonNStrﬁctutal_measures
| - are provided by 2060 for densely
populated areas to protect 50% of
people within the flood prone area.

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

measures are economically Viable;

The return period of de51gn flood is assumed to be 20
years for the river stretch where the estimated annual flood .
damage 1is less than M$20,000/km and the p0pulat10n is 500
persoﬁs/km,-and'So:years for the other river stretches, but
100 years if loss of life has been recorded.

The problem rivers were divided into stretches of 30
to 60 km. in length. The measures explained in Section 5.7
were compared and the most economical measure was selected
for each rlver stretch. The resulted alternative plans are

as outlined in Tables 40 to 42.

The public development expenditure and manpower require-
ment for each alternative were estimated as shown in Table 43
and Table 44,_re5pectiVely} Economic benefit and cost were
estimated as summarized in Table 45. Number of people
protected and those to be removed due . to constructlon were

estlmated as shown in Table 46.



Alternative Fl seems to require a prohibitively large
expenditure. Alternative F3 should be implemented if con-
sidered from the viewpoint of national economic development,
but it will incréaée'the digparity between developed and
underdeveloped areas, Taking into account the fact that
social well-being objective has been emphasized through
discussions between officials and the Study Team, it is
recommended that Alternative F2 should be taken up for the

period up to 2000.

- 54 -



1. RECGMMENBED PLAN

The Water Resources Development and Use Plan is recom—
mended as illustrated in Figs. 1 to 10, based on consideration
described in foregoing chapters. Its outline is described.

hereunder.

7.1 Development Plan for Public Water Supply System

and Irrigation System

The development plan for watér supply system ié recom-
mended as shown in Tables 47 to 49, in accordance With the
target described in Section 5.3. In the urban Wé£er'supply
sfstem, the total treatment capacity will be 3.0 million m3/d
in 1985, 4.2 million m3/d in 1990 and 8.3 million m3/d in 2000
and the served population will be 6. 3 million in 1985,
8.1 million in 1990 and 12.8m11110n.1n 2000, Correspondlng
service factor is estimated to be 95% in 1985, 97% in 1990 and
100% in 2000. Reqardlnq to rural treated water supply, the
total treatment capa01ty will be 1.0 willion m3/d in 1985,
1.4 million m3/d in 1990 and 2.1 mllllon m3/d in 2000, and
served populatlon w1ll be 5.1 million in 1985, 6. 0 millioh in
1990 and 6.3 million in 2000. The supply capacity of rural
ﬁntreated water sﬁpply system, in terms of source ‘demand will
‘be 41 million m3/y in 1985, 60 million m3/y in 1990 and
100 million m3/y_in 2000, and the served population will be
1.9 million in 1985, 2.3 million in 1990 and 2.7 million in
2000. The sérviée factor made up by rural treated and un-
treated supply will be 73% in 1985, 83% in 1990 and 96% in 2000.

The irrigatibn system development up to 2000 will be as
shown in Tables 11 and 12. annual production of rice will
be 1.60 million tons in 1985 1.85 million tohs.in'l990 and
2.23 mllllon tons in 2000 corre5pond1ng to a ‘rice self-

sufflClency ratlo of 85° from 1985 onward
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7.2 Source Development Plan-
?;é.l Water stress areas

The water . strese areas are the Perlisz’Kedah/”Pulau
Pinang region, Kelang valley reglon,‘Melaka/’Muar reglon,
south’ Johor reglon and other -13 areas. The recommended water
demand. and supply plans for these areas 1ndlcat1ng the water

supply capa01t1es and schedule for commission of the recom-
mended dams are illustrated in Figs. 14 and 15.

The recemmendea'source-development plans-are described
hereunder and an outline of source facilities such as storage
and division fac111t1es is summarlzed in Tables 50 to 52.

Tt is noted that the recommended plens include not only these
for the areas ideiitified as the water stress aréas but major -
prbjeCtsIWhiCh heVe been implemented after 1980 and those

which are going to be implemented in the near future.

7.2.2 Perlis/Kedah/Pulau'Pinang region
gsource -deve lopment plan
Theﬂperiistedeh/Puleu Pinang region herein definedK
is ld 500 km? of water stress area covering the entire land
of the States of Perlis, Kedah and Pulau Pinang, excludlng
Pulau Langkwai and Kerian area. Major rlver systems are the

Perlis, Kedah,‘Merbok, Muda and Perai river syeteme.

The Muda irrigatioh'project of 95,860 ha encompaSSee
eitire coastal plain of the States of Perlis and Kedah. The
Muda and Pedu dams are operated to supply water to thé project.
The Muda dam of 123 million m3 in active storage ‘capacity
conveyo watér from its catchment area of 984 km? in the’ upper
Muda rlver ba51n through a dlver31on tunnel to an upper
trlbutary of the Kedah rlver.‘ The Pedu dam of 864 mllllon m3
1n actlve -storage capac1ty regulates the water from the Muda '
dam and-inflow from its catchment area of 171 km? 1n the upper
. tributary of the Kedah river. The regulated outflow of 780
million m3/y from_the Pedu dam is discharged through
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thelKedahlfiverland-qollected at: the Pelubang barrage for the
supply to the Muda irrigation project. There are 10,000 ha
of minor irrigation projects in the‘fringé_area of the Muda
irrigation.prOject, depending on the_PerliS,HKedah;and Merbok
river systems. Water resources in the Perlis,'Keaah,and _
Merbok river basing are insufficient to mee£ the_preséntnwater
demand of 2.1 billion m3/y, which is mostly for irrigation.

The abovemmentloned minor 1rr1gat10n area Wlll increase
to 21 500 ha by 1990 and 29,000 ha by 2000 Although irriga-
tion efflcleqcy in the Muda 1rr1gatlon project will be improved
by the on-going tertiary irrigaﬁion'and drainage development
under_tﬁé'Muda T Irrigationryréjectyﬁith a financiai assist-
ance by IBRD; increased minor:irrigation projects énd_ddmestic
and irrigation demand will push up the total water. demand-to
2.2 billion m3/y by 1990 and 2.5 billion m3/y by 2000, w1den1ng
the 1mbalance between water demand and supply in the - perlis,
Kedah ‘and Merbok river baSLns.

Populatlon in the State of Pulaun Plnang in 1980 was
969,000, of which 480,000, or 50% were urban populatlon llVlng
in Bﬁttefworth, Georgetown and cher towns. The ‘present
sources of domestic and industrial water are the rivers in
Pulau Pinahg, Muda river ana Perai river. The supply capa01ty
.w1th1n Pulau Plnang 1nclud1ng that by the Ayer Hitam dam is
estlmated to be 30 million m3/y. The Rivex Muda Water Scheme
| diverts water from the lower stretch of the Muda river through
the River Mﬁda_Canal to'the'Sungei Dué'Treatment_Woxks on the.
right bank of the Perai river to feed the water supply system
for the towns in Seberang Perai and Georgétown;"The Muda
barrage was constructed to protect the intakeés from sea water
intrusion. The Mengkuanq dam in a trlbutary of the Perai river
is a pumped-storage reservoir project to increase the Supply
capacity of the River Muda Water Scheme.. Stage I ‘recently
completed takes water from the Kulim:.river, a tributary of -
£he.Perai river and Stage II is envisaged further to pump water

from the River Muda Canal. Total water supply capacity of
Mengkuang dam Stages I & II is estimated to be 24 million n3/y.



o The Muda ‘and Pera1 rivers are also utlllzed for 1rr1gaw
tlon of 21 600" ha, 7, 100 ha dependlng ‘on the Muda rlver below-
the’ Muda' dam, 13 500 ha utll:z;ng both the Muda and Perai
rivers and 1, 000 ha taking ‘water from the perai rlver. |
The lrrlgatlon area in: Pulau Plnang ln 1, 200 ha The present
irrigation water demand in these areas 1is estlmated to be '
709 mllllon m3/y

Populatlon in thé Muda and Peral river basmns and Pulau
Plnang is estlmated to be 1.3 mllllon for 1980, 1.5 mllllon
for 1990 and 1.6 million for 2000 and the corresponding’
domestic. and industrial watex demand is estimated to be 137
million m3 for 1980, 263 million m3 for 1990 and 390 million m3
1nclud1ng iirban water demand wzthln the State of. Pulan Plnang
of 85 million m3 in 1980, 182 million m3 in 1990 and 278 mll—
‘lion . m3, even if water intensive 1ndustr1es do not increase
beyond 1985. Irrigation development will take place malnly in
the areas wholly or partly ‘depending on the' Muda river. ' '
Irrlgatlon area of 22,800 ha in 1980 w111 increase to 30 000 ha
by 1990 and 31, 200 ha by 2000 Total 1rr1gatlon waLer demand
is estlmated to be 709 million m3 for 1980, 738 mllllon m3 for
1990 and 815 mllllon m3 - for 2000. These larqe water demand
cannot be met by water resources in the Muda river below the

Muda dam, Pelal rlver and small rlvers in Pulau Plnang

Thevwater deﬁand in the Perlié/Kedah/?ulau Pinang region
together makes up 2.9 billion m3 for 1980, 3.2 billion m3 for
1990 and:3;7”bi11ioh ma for 2000. : o -

The recommended plan 1ncludes ‘the construction of the
Tlmah Tasoh, dam in the Perlls rlver, the Badak - Temin, Sari, .
Durlan and Ahnlng dams in the tributaries of thé=Kedah river,'
the Berls dam and Jenlang transfér including the Naok and
_Reman dams in the Muda rlvér system and the Rui dam and diver-

-51on.tunnel_1n a trlbutary of the Perak river.



The Jeniang transfer'ahd the Rui dam and diteréidn-tunneli
are partscularly 1mportant pro;ects. The Jenlang transfer '
wmll cons;st of the Jenlang welr on the Maln stream of the
Muda rlver, Naok and Reman dams and transfer canals-to the_
Muda 1rr1gatlon progect and the Merbok river ba51n. "It wlll
collect flood flow at the Jenlang welr and store 1thin the
Naok and Reman reserv01rs, The Water stored can be'used _
elther to augment the low flow 1n the Muda rlver or to supply
water to the Muda 1rr1gatlon progect and the Merbok river
bas1n 1n the dry Season. The net supply capa01ty of the |
Jenlang transfer has been estlmated to be as, large as 350
mllllon m3/y. The Rui dam w1ll be located in_the Rui rlver,
an upper trlbutary of the Perak rlver w1th1n the State of
Perak. Inflow from the catchment area of 215 km Wlll be
regulated by the Rui dam and transferred to the upper stretch
‘of the Kechll river, a trlbutary of the Muda’ rlver, through a
dlver51on tunnel whlle certain rlver malntenance flow W1ll
be released 1nto the Perak rlver. Net transferable watertu-
w1ll ‘be 140 mllllon m3/y.' The pr0posed Ru1 reservolr w1]1
submerge a 2. MW hydropower plant of a prlvate company and it
will reduce secondary energy at the Kenerlng and Chenderoh
power stations on the Perak river, On the other hand a poten-
tial of about 4 MW will be developed at the outlet of the
divetsiongtunnel. These twolprejects together with the exist-
ing and recommended 6 dams can meet water demand expected up
to 2,000 and they will form a water resources system covering
‘the Perlis, Kedah and Pulau Pinang .region, in which any area -
suffering'from'droﬁght can receive complemental water by co-"

ordinated operation of dams in other area.

7Q2.3-'Pulau-Langkawi'souree development plan

Irrlgatlon areas 'in Pulau LangkaW1 of 2, 700 ‘ha w1ll s
iﬂctease.to.3,100 ha by 1990. Population is estlmated to be
31,000 for 1980 and'38,000-for_2000.- Natural flow in small
rivers cannot meet total water demand which is estimated to
be 47 million m3 for 1990 and 48 million m3 for 2000.
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‘Tt is recommended to constrict the Aver Tawar dam and
Ulu Melaka dam, '

7.2.4 Kerian “and Kurau river b351ns solurce
development plan

The Krian Irrlgatlon Pro;ect of 23 490 ‘ha 1s entlrely
located in the northwest coast of the State of Perak but
1,504 ha out of the total area is 1ocated in the State of
Pulau Plnang Tt takes water from the Kerlan and Kurau rlvers.
The Bukit Merah dam in the Kurau river and Kerian barraue
serve for 1rr1gatlon The tertlary 1rrlqat10n and dralnage
develoPment is on g01ng as a part of Krlan Sunge1 Manlk Inte—
grated Agrlcultural Development Progect aSSlSted by IBRD
There are mlnor irrigation arcas of about 3, 000 ha, Wthh W1ll
increase to 4 000 ha bv 2000.' Populatlon of 350, 000 will grow
to 670 000 in the two river ba51ns It is estlmated that
these-rlver basins wxll often suffer from watér:deficit\in
the near futﬁre. The cbnstrﬂction of the Kerian dam is rec-
ommended in the Kerian river, which is the bouﬁdary between
the State of Kedah and the State of Perak. | |

7.2.5 Xinta valley source development plan

The Perak river basin as a whole has an ample water for
use and more water will become available; if the‘Temengor dam
is fully'operated. The problem area is the Klnta valley,
where Ipoh is-loeated.. Population in Ipoh is estimated to be
320,000 for 1980,.377,000 for 1990 and 446,000 for 2000.
Natural flow in the Kinta valley will become insufficient
before 1990 because of high iﬁcxease in domestic and industrial
water demand in Ipoh, which is estimated to be 41 million m3
in 1980, 84 million m3 in 1990 and 154 million m3 in 2000.
It,is recommended to construct the Kinta dam in the upstream

reaches of the Kinta river.
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7.2.6 Kelang valleywsourcefdevelopment plan

_ The Kelang_valley.inclhding the Federal Territory,
Petaling Jaya, Shah Alam and-Kelang;is:most densely popﬁlated
and industrialized region in Malaysia. Total population is
mostly urban and iE is estimated to be 1.8 millidh for 1980,
2,7_m§liion for 1990 and 4 million for 2000, Domestic and
induétrial water demand was already:367smillion'm3, or 34% of
natural flow, in 1980 -and it will grow to 686 million m3/y
by 1990 and 1,091 million w3/y by 2000, even if water

intensive industries remain at 1985 level.

The_Kelang_Gates dam is iocated in the:valley.- It-was
'heightened.recenﬁly in order to integrate the flood mitigation
purpose. The Langat dam and a pipeline to divert water from
the Langat river to the Kelaﬁg valley was completed. The Batu

dam is going to be constructed in a trlbutary of the Kelang
river for domestic and industrial water supply in the suburbs
of Kuala Lumpur, where many housxng and industrial development
projects are being impiemented; In order to prepare for tight
water demahd'and-supply balance in the Kelang valley, the

' construction of the Semenyih dam in a tributary of the Langat
river and a plpellne from Semenyih river to the Kelang valley

is being implemented.

.Total water supply capacity of these dams, estimated to
“be 168 million m3/y, together with available natural flow is
just enough to meet the present water demand, and additional
source development is still urgently needed in view of high

increase in demand.

_ The additional projects recommended are the Selangor and
Batang'Kali dams in the. Selangor river, pipeline system between
the Selangor rlver to the Kelang valley, the Gombak dam in

a tributary of the Kelang river, the Kenaboi and Konqk01 dams.
with basin trdnsfer system in the Teriang river system of the
.Pahang river basin, and the Perting dam and basin transfer

system in a tributary of the Pahang river.
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7.2.7 Sepang river basin source development plan

Populatlon in Port Dickson is estimated to be 42,000 for
1980, 55,000 for 1990 and 72;000 for 2000. Domestlc and
industrial water demand in’ Port Dickson and its vicinity w111
qrow high even if the establishment of water intensive
industries are restricted. It is estimated to be 30 million m3
for 1980, 71 million m3 for 1990 and 111 million m3 for 2000,
Tt is necessary to divert water from other basin to meet the

future water demand, under the condition that rivers near

Port Dickson are small.

Tt is recommended to construct the Teriang. and Gelami
dams in the Teriang river system of the Pahang river basin to

draw water thevéfrom to Port Dickson.

7. 2 8 Llnggl rlver ba51n source development plan

There are 4, 100 ha of minor irrigation projects in the
.Llnggl river basin and they will increase to 4,300 ha by 1990
and 4,400 ha by 2000. Populatlon in the. river basin 1ncludlng
Seremban of 321,000 in 1980 will grow to 385,000 by 1990 and
486,000 by 2000. Total water demand estimated to be 135 oo
millioh m3 for 1980, 143 million m3 for 1990 and 178 million
m3 in 2000 is high compared with the size of the Linggi river.
The recommended project is the Terip dam in the upper stretch

of the Linggi river.

7.2.9 Melaka,/Muar reqlon gource development plan

Populatlon in the Melaka river ba51n is estimated to be
372, 000 for 1980, 414,000 for 1990 and 426, 000 for 2000
Irrigationh area of 6, 400 ha in 1980 will increase to 7, 200 ha
in 1990'and 7,500 ha in 2000. The proportlon of domestlc and
1ndustr1al water demand is going- to increase in the total
demand which. is estimated 'to be 166 million m3 for 1980,
224 million m3 for 1990 and 281 million m3. There are the
Durian Tunggal dam of 48 million m3 per year in water supply
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capa01ty 1n the Melaka river and the Asahan dan of small supply
capacmty, both supplylng domestlc and 1ndustrlal water. Water
:demand and supply seem to be just balanced at present and |
there is no sultable dam sxte to neet the lncremental water
demand ;n the future, because_of_small bhasin area of flat

topography.

‘Population in the Muar river basin iS'estimated to be
552,000 for 1980, 606,000 for 1990 and 629,000 for 2000 '
There are mlnor 1rr1gatlon projects of 7,000 ha and it W111
grow to 8,600 ha by 1990 and 9,100 ha by 2000. Total water
demand in the basin is estimated to be 227 m11110n'm3 for
1980, 308 million m3 for 1990 and 358 million m3 £6r 2000.
Water resources are ample but possible dam sites are limited}

because'land is flat and intenSiVely cultivated.

The recommended plan includes the Palong dam 1n'the upper
reaches of the Palong river, a tributary of the Muar river,
the Muar dam in the uppermost reaches of the Muar river,.
the Muar barragé in the lower reacheé of the Muar river and

a diversion canal between the Muar barrage and Malaka.

7.2, 10 South Johor source developmenL plan

Populatlon in Johor Bahru is estlmated to e 266,000 for
1980, 439,000.for 1990  and 686,000 for 2000. The corresponding
domestic and ‘industrial water demand is estimated to be 37
million . m3 for 1980, 85 million m3 for 1990 and 159 million m3
for 2000 assuming that. the establishment of water ‘intensive
industries is restricted. - Raw water taken to Singapore was
198 million m3 in.1980 ‘and it is increasing rapidly. It is
estimated that raw water to Singapore will be 316 million m3
in 1990 and will reach to 414 million m3 by 2000, the maximum
volume in the agreement between the Govérnment of the State of
Johor and City CounCLl of the State of Slngapore, by 2000.“
The ‘supply capa01ty of 7 million m3/y by the ex1st1ng 3 dams
is not enough and the rivers in the v1c1n1ty of Johor Bahru is

too small to supply these demands.
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It is- reoommended to develop the Johor and Sedlll Besar
rivers for ‘domestic and industrial water supply to Johor Bahru
and Slngapore The Semengar dam and Llngglu dam will be conw
structed Ln the trlbutarles of the Johor rJver The Johor _
barrage w1ll be constructed in the main stream of the Johor'r
river in oxder to develop water by combined operatlon with
the Llngglu dam and: dlvert it from the Johor rlver to the
Semengar dam Water in the Semengar dam w1ll be: dlverted to
the Teberau rlver, in.which the Teberau barrage W1ll e con*;
structed for. the supply to Johor Bahru and Singapore, . These
development cannot meet all water demand in 1990.  The Sedili
dam will be also constructed in the Sedili Besar river. and
water W1ll be dlverted from. the Sedili dam to the Llngglu ‘dam.
'In order to meet the 1ncremental water demand up to 2000,
the Pengeli dam will be further constructed in a tributary of

the Johor river.

7.2.11 Kelantan river ba51n source development plan

The coastal flood plaln of the Kelantan rivexr basin has
been developed for paddy cultivation. There are the North
Kelantan irrigation progect of 11,600 ha and Kembu irrigation
project of 18,000 ha. Minor ‘irrigation progects of 8,600 ha
in 1980 will 1ncrease to 12 800 ha by 1990 and 17,000 ha by
2000, Population of .the Kelantan river ba51n of 555,000 in -
1980 will grow to 758,000 by 1990 and 971,000 by 2000. Total
water demand ‘is estimated to be 876 million m3 for 1930, 931
million m3 for 1990 and 1,201 million n3 for 2000. Water
resources as a whole is sufficient to support the water demand
up to 2000, but the Nal dam has been proposed in a trlbutary
. for balan01ng local water demand and supply. o o

L It is hereln recommended that the Nengglrl dam,_whlch
has been proposed for hydropower development, should be
constructed as a multlpurpose dam 1ntegrat1ng water demand .
and supply balance purpose.
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T.2.12 Other source development plans in
Peninsulaxr MalaySLa

There are three plane of local 1mportance proposed by
relevant agenoles, though they were not ldentlfled in the
Study. The Anak Endau dam and welr, and the Kemelal dam are
under oonstructlon for the Sawah Endau 1rr1gatnon project of
6,100 ha. The Kuantan barrage will be constructed in the near
future to protect water supply intakes agalnst sea water ln“
trusmon. An international oommlttee has been establlshed for
the deﬁelopment of the'Golok.river,'Which'flows.along the
porderline between the State of Relaﬁtan ahd_Tailand and the

construction. of the Golok dam'hes been proposed.

7.2.13 Tawau river eource’development-plan

Tawau has a populatlon of 50,000. There are two water—
works of PWD w1th the total treatment capacity of 11, 380 m3/d
in the Tawau river. Water demand has already exceeded the
supply capaCLty, and water ratlonlng has been oonducted since
1979. In 1980, PWD_dellvered_4.9_m11110n m3 of water to
35,200 people. The Tawau Water'Sﬁpply.Extension Project,
étage.I, of 203000=m3/d in treatment capacity depending also
on the Tawau river, is going to be completed by 1983.
Population in Tawau is. projected to be 82,000 for 1990 and
150,000 for 2000. The corresponding domestic and industrial
water demand is estimated to be 8 million m3/y in 1990 and
26 million m3/y in 2000. It is foreseen that supply will
often fail in the future, because the projected. watexr demand
ig' large compared with natural flow in the Tawau river.
'The'recommended source faeility is the. Tawau dam in the upper
reaches of the Tawau rlver, in order to regulate the run-off

in the river.
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7.2.14 Meliau viver source development plan

Sandakan has a population of 80,800. Water supply system
depends on 21 boreholes and two rlver lntakes Groundwater
supply 1s 75% of total eupply There are two treatment plants,
their total capacrty being 20 880 to 22, 320 m3/d. PWD dellverm
ed 7.5 million m3 of water to 64, 700 peOple 1n 1980 _Fallure
in supply often takes plaoe, because of hlgh demand. The _
Sandakan Stage I - Interim will be completed by 1983, as the
“interim measure untll a new sulface supply is made avallable.
Tt consitts of the construetlon of 13 boreholes and exten51on
of treatment plant capa01ty by 18, 000 m3/d

Population'in Sandakan is projected to be 127,000 for
1990 and 222,000 for 2000, The corresponding domestic and
industrial water demand is estimated to be 15 million m3/y in
1990 and 50 million m3/y in 2000. A study has been carried
.out for the Sandakan Water Supply Extension Project, Stage I,
which envisages to draw water either from the Labuk river or

the Klnabatangan river.

The recommended plan herein assumes that water will be
taken from the Labuk river, A pipeline system is constructed
in stages in a distance of 120 km between the Meliau river and
Sandakan, ana-the Meliau dam is constructed in order to regu-

late the Meliauw river flow.

7.2,15 Milau river source development plan

Kudat has a population of 12, 000. PWD public water supply
is conducted with a rain storage raservoir of 2.7 mllllon m3
in storage capacity. The treatment capac1ty is 4,550 m3/d
PWD delivered 0.9 million m3 of water to 7,500 people in 1980.

‘Population in Kudat is progected to be 21,000 for 1990
and 43,000 for 2000. The corresponding water demand is esti-
mated to be 2.2 million m3 in 1990 and 8.1 million m3 in 2000.
thtle water resources are available near Kudat for the future

‘water supply.
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The recommended source development coﬁprises a 30~km
long pipeline_beﬁween the Miiau river and Kudat to convey
water, and the Milau dam to augmeht low flow in the Milau
:river{ '

7.2.16 Wariu river source development plan

There are 5,400 ha of irrigation sehemes_including-the
'Tempasﬁk north irrigation schemes:in the surroundihg area of
Kota Belud in the Kadamaian and Wariu river basin. It is
estimated that additional 1,000 ha will be developed by 2000.

The Wariu dam is recommended in the upstream reaches of
the Wariu river, in order to regulate river flow for irriga~
tion and domestic and industrial water supply in the above-

mentioned area.

7.2.17 Papar river source development plan

' Kota Kinabalu has a pepulation of 71,000. There are two
intakes of PWD in the Moyog river (Basin 220). The total
treatment capacity 13'45,506 m3/d.'.PWD delivered 15.6 million
m? of water to 119,000 people including those living in sub-
urban area. The Kota Kinabalu Water Supply Extension Project,
‘Stage I, is g01ng to be completed by 1983. This project
envisages to install 54,000 m3/d of additional ca9301ty by

diverting water from the Tuaran river to Kota Kinabalu.

population in Kota Kinabalu including suburban area is
projected to be 211,000 for 1990 and 364,000 for 2000. The
correspondlng domestlc and industrial water demand 15 egtimated
to be 23 mllllon m3 in 1990 and 62 mllllon m3 in 2000.

Water supply from the Moyog river has to be often inter-
rupted ‘because the water demand in the ex1st1ng 1rr1gat10n
area of 1, 822 ha is more than what can ‘be totally supplLed by
natural flow in the Moyog river. Water supply from the Tuaran

river will also be interrupted, 1if the natural flow'only is
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depehded on. It is necessary to construct a dam in order to
sustaiﬁ'the safe supply. There are several sites suitable
forithe'dam_construction in the’ upstream reaches of the Tuaran,
Moyog and Papar river. Herein the Papar dam site is prelimi-

narily selected.

The Papar dam 1is proposed'in the upstream reaches of the
Papar rlver (Ba51n 221) in order to Drov1de safe water supply
to Kota Klnabalu while augmentlng downstream flow for the'
purpose of lrrlgatlon and domestic and lndustrlal water supply
w1th1n the Papar river basin. The diversion of water includes
the regular supply to the incremental water demand and tempo-
rary supply when the intakes in the Moyog and Tuaran rivers
are encountered with drought This project can 1ntegrate_

hydropower generatlon at the outlet of the diversion tunnel.

7.2.18 Padas river diversion project

. Labuan island has a populatlon of 29,000. PWD water
supply system of 9,100 n3/d entlrely depends on 31 boreholes.
In 1980, PWD delivered 1.8 million m3 of water. to 14,900 pecple
in.Labuan."Thé expansion.plaﬁ of weter'supply includes tube-
wells,.three dams and artificial recharging‘system.

Pooulatlon in Labuan igland is progected to be 52, 000 for
1990 and 105,000 for 2000, Correspondlng domestic and 1ndus—
trial demand is high of 13 million m3/y in 1990 and 24 million

m3/y, because large scale industries will be established.

Total exbloitablekwater resources witﬁin”Labuaﬂ islaﬁd'.
are estlmated to 11 mllllon m3/y including 7 million m3/y of
groundwater and 4 mllllon m3/y of surface water. Further water

source has to be sought_from the main land.

The recommended source development 1s dlvers1on of water
from ‘the ‘Padas river by means of submarlne plpellnes, whlch

w1ll be commlss1oned by stages°
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7.2.19 Miri river source development plan

Miri has a population of 55,000, PWD water supply system
has a treatment capacity of 9,100 m3/d, c0nvey1ng water from
the leu rlver by a pipeline of 10 km in length Sarawak
Shell Berhad has its own water supply system of 7,000 m3/4 to
provide water to its oil refinery and residential guarters.
PWD delivered 3.1 million m> of water in 1980, but the supply
was not enough for the served pOpulatien of 37,000, PWD purw
chased 0 7 million m3 of treated water from Sarawak Shell

Berhad in the same year.

population in Miri is projected to be 94,000 for 1990 and
177,000 £6r 2000. Corresponding domestic and industrial water
demand ig estimated to be 13 million m3 in 1990 and 51 million
m? in 2000 '

_ The Liku river has a catchment area of only 150 km2 at
the DWD intake and the water demand in 2000 is expected to' - -
reach 21% of the natural flow., Augmentation of river flow is

necessary for supporting future water demand.

The recommended source development plan is the_cbnstruc—
tion of the Liku dam in the Liku river for the domestic and

industrial water supply in Miri.

7.2.20 Remarks on water resources development in
the coastal plain in Sarawak :

The present macro study cannot 1dent1fy 1ndlv1dual
gsurface water or groundwater development projects for domestic
water supply in the coastal plain in Sarawak. Generally.
applicable solution seems'to'be the rain harvesting by con-
structing storage tanks as has been envisaged by the. state PWD.
More reasonable solution will be groundwater development where
applicable. It is reconmended that groundwater survey shoula
be implemented in the downstream areas of the Sarawak river

and Rajang river.
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It has been pointed out, in a'meeting between the
officials of the State of Sabah and the Study Team, that the
intake of the Kﬁhhihg Water'Board in the Sarawak river is |
affected by the pollutlon load disposed, by people in the Bungo

range. Analy51s by the study could, however, not confirm this
problem.. If there is. the problem, the solution w1ll be the
constructlon of a dam in the .upstream reaches of the Sarawak

river and pipeline between the dam and Kuching.

7.3 Hydropower Development Plan

It ig recommended to- 1m01ement 13 hydropower . pro;ec*s of
l 026 MW 1n total lnstalled capagcity in Peninsular Malaysia
by 2000 as 1ncluded in Table 53. If_these prO]eCtS are imple-
-mented, the lnstalled capacity of hydropower in PenihSQlar
Malaysia will be 2,232 MW, ‘corresponding to about 209.of the
total installed capacity, 1ncludlng thermal and hydro,

requlred in 2000.

The'implementation of the Tenom Pangi,hphase iII,_is,fifSt
of all recommended'for the hydropower development'in Sabah,
beceuse.the firming up of power production and increase in
the installed capaclty will be needed soon after the Tenom
Pangi, Phage I/II, is completed in 1984. The implemeritation
of the Papar dam is urgently needed for the purpose of ‘domestic
and ihdUStrial'water supply in Kota Kinabalu as described in-
Sub-section. Papar power,.ifemuitipurpose development is
juStified; should be commissioned in accordance with the
program for Kota Kinabalu water supply. _Fufther,rthe imple-
ﬁentationiof.the Pangi No. 2 and Upper Padasfprojeets is
recommendedl ThlS recommendatlon is made taking into account
uncertalntles in the interconnection between the east and west
_coasts and 1nterface between the existing railway .and the . .
Lower Halogllat pro;ect.r The recommended hydropower develop~
ment for Sabah is as lncluded in Table 53,



The projected power.démand in Sarawak to 2000 is less
than 100 MW in each demand center except for Kuching. It is
appropriate to install thermal power of 10 MA +, probably
diesel, .in unit capacity .as én additional expansion plan to
2000 in thése'demand centers, on the other hahd .in'Kuéhing,
hydropower development or thermal plant of larger unit-
capacity should be con51dered for the period after 1990 in
which power demand will be 150 to 300 MW. It ls_estlmated
that 190 MW of additional capacity including reserved capacity
is necessary to meet the growing demand in Kuching up to 2000,
‘after the Batang Al pOWE£ station.

It is herein recommended to implement some potential
hydropower_projécts near the Batang Al project. They are the
Upper Batang Ai, Batang-Sekrang and KOnowit'(identified as
KONO 110 in SESCO, Master Plan) projects as 1ncluded 1n

' Table 53.

_ If the energy-intensive industries is established in
“Blntulu, the power demand there will be more than 500 MW,

In this case, the Raja 284 of 770 MW, proposed in the Upper
Rajang Hydroelectric Development, should be construdted, and
the interconnection of Kuching, Sarikei, Sibu and Bintulu
should be considered, even if the intercqnnectioh'with other

‘states is not considered.

7.4 Water Pollution Abatement Plan.

The problem areas in river water quality distribute
approximately corresponding to water stress areas. The most
serious areas are located in the west coast of Peninsular

- Malaysia.

The recommended plan for pollution“abatement consists of
improvement of purification method of effluent from palm oil
mills and rubber factories as shown in Téble 54 and Sewerage
development as shown in Table 55. If this plan is impleménted,
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BOD load :into the rivers will be reduced as shown in Table 56.
Estimated BOD concentration in. 2000 with the recommended plan
implemented;is'illustrated in Fig. 13, Rural sewagé and
animal “husbandry -effluent cannot be controlled for the time
being."Underztheée circumstances, the target BOD concentra-
tion of 5 mg/lit cannot necessarily be attained in all the
rivers. Encouragement of improved septic tank in rural areas
and ecénomical‘method for purifying effluent from ‘animal
husbandry should be seriously studied-if further pollution

abatement is envisaged.

Other than these recommended herein, sewerage development
projects have been proposed from the viewpoint of improvement
of public health and they are in various stages of investiga~
tion. These projects are not effective for water pollution
abatement in rivéfs'because most are proposed for coastal towns
and some are for the towns located in clean river. stretches.
The development schedule of sewerage projects not affecting

river water guality is estimated as shown in Table 57.

7.5 Flood_MitigatiQn Plan
7.5.1 Overview

The flood problém areas are distributed ovef Malaysia.
The problem is especially serious in the densely populated
Kelang and Kelantan river basins. Flooding by iivers coupled
with poor drainage has'been'a'problem-in agricﬁlture in the
west Johor region.. The floods in the Pahang river are large
and they inundate a vast land. The recommended flood mitiga-
tion plan_byrBaSin is summarized in Tables 58 and 59 and

illustrated in Figs. 1 to 10.

.The recommended plan involves the improvement .of 805 km
length of stretches of riVers,,the construction of 82 km length
of bypaés_floddway, the construction of 12 dams (all proposed
as multipurpOSe dams).énd the protection of 12 major flood-

prone areas by polders. Non-structural measure (resettlement



plan) is prOposed for one baSLn. Flood forecasting and warning
system (telemetrlc) is proposed for 37 basins up to 2000 as
shown in Table 60

Damns effective for flood control are the Timah Tasoh-
(Perlis), Batu and Gombak (Kelang), Upper Muar (NhuSembilan);
Bekok (Johor), Telom/Jelai Kechil, Tembeling Upper and Tekai
Lower (Pahang), Dabong and Lebir (Kelantan) , Limbang. (Sarawak)
and Bengoh (Sarawak). Among them the Bekok, lebang and Bengoh
dams are env1saged Eor flood mlthatlon as major purpose.
'Be51des the above new dams, the flood control function of the

~ Temengor and Kenyir dams also can be taken into account.

7.5.2 Perlis river flood mitigation plan

- The Perlis river, bifurcating into many tributaries,
flooded 49 km2 in 1976. Population in 1980 in the flooded
area was estimated to be 28,000 including 9,800 in Kangar.
The recommended plan is the multipurpose: development of the
proposed Tlmah Tasoh dam and channel lmprovement of 34 km to

protect paddy field and Kangar.

7.5.3 Muda river flood mitigatibn plan

The Muda river flooded 99 kmZ in 1973. The recommended
plan is channel 1mprovement of 45 km along the Kechll rlver,d_
a trlbutary where flush floods have endangered the inhabitants,
and 27 km in the lower stretch of the main stream allow1ng
flood retardatlon between the above—mentloned two river
stretches The plan also includes the on—g01ng channel 1m-
provement to increase the dlscharge capacxty 1n the lower
reaches of the Tembus river which is a dlstrlbutary_oﬁithe_

Muda river.

7.5.4 . Perai river flood mitigation plan

ThezestUary'area of the Perai river located in the'south
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of Butterworth is densely populated. :The*fedommended'plan'ls
to provide chahnel inmprovement in the lowermost stretch of
the Perai river for 4 km below the Perai barrage which is

under construction.

7.5.5 Pinang river flood mltlgatlon plan'

' The pinang river flooded 1.4 kmZ in the south of lbr ‘
Georgetown in-'1980. . ‘The' recommended plan is channel lmprovef
ment of 2.5 km below Scotland road 1nclud1ng the- w;denlng of_'
existing rlver course  Occasional dredglng Of rlver—mouth o
mud will be necessary even after the recommended plan is o

implemented.

7.5.6_ Kurau river flood mltlcatlon plan

The Kurau river often 1nundate the land espe01ally below
the Bukit Merah dam. The recommended plan is to protect the _
Krian irrigation pro;eet from floodlng by prov1d1ng channel
improvement for 13 km of river stretch which is located across

the irrigation area.

7.5.7 Perak river flood mitigation plan

The Perak river flooded 1,300 km2 in 1967. The affected
population was estimated to be 200, 000 mostly in the downstream’
| area. The eame magnltude of flood if occurs in the future
will still cause serlous problem in the downstream areas,
though the Temengor dam can largely decapltate the flood
dlscharge Teluk Anson, populated by 53 000, sometlmes suffers.
from floodlng due to hlgh spring tide: ‘Bank er091on is also '
significant near Teluk Anson. The recommended plan 1ncludes:
the construction of a SOpkm_long.floodway to divert flood flow
from the middle stretch of the Perak river to the estuary,
constructlon of a low ring bund (polder) surroundlng Teluk
Anson and bank protection work 1n the river stretch near .
Teluk Anson. '
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7.5.8 Kelang river flood mitigation plan

Flood problem is serious in the Kelang valley being
densely p0pu1ated. In lQ?l,,the'Kelang river flooded 142 kmZ
affecting 177,000 people. The then flood damage was estimated
to be M$36 million at 1980 price. The Kelang Gates dam
Supplylng domestic and industrial water to Kuala Lumpur was.
nhelghtened to 1ncorporate the flood mitigation purpose.

The Batu dam was de51gned as a multipurpose prOJect for water
supply and flood control. The recommended plan includes 36 km
of channel improvement and'the multipurpdse-develoPment 6f.the
proposed Batu and Gombak dams for water supply and flood
mitigation. '

7.5.9 Linggi river flood mitigatién'plan

The Linggi'river flooded 122 km2 in .1971. The recom-
mended blaﬁ‘iﬁcludes channel improvement for 15 km in the
upper stretch of the main stream to;prdtect-seremban and its
énvirons, 14 km in the upper stretch of the Sipur river,
a tributary, and 12 km in the Bharu river whlch is southwest
adjacent to the Linggi river to protect people and paddy field.
Special attentlon should be paid not to cause sedlmentatlon in
“the river in carrylng out land development, because sedimenta-

tion has obviously deteriorated the channel discharge-capacity.

©7.5.10 Melaka river flood mitigation'plan

The Seri Melaka river flooded 82 km2 including Melaka
town in 1971. The recommended plan is the construction of a
5_km_10ng bypass floodway to protect Melaka town .by draining

swanp which is extending upstream of the town.
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7.5.11 Kesang river flood mitigation plan

The Kesang river flooded 114 xm2 in 1971, A preliminary
channel improvement has been completed for the lower strétch'
up to the confluence béetween the Kesang river and Chohbﬁg‘
river. The recommended plan is widening of the above-mentioned
river stfetch and improvement of the Chohong river approxi-

mately as scheddled under 4MP.

7.5.12 Muar river flood mitigation plan

Flat valley of the Muar river is intensively.utilized
for paddy cultivation. Flood in 1971 inundated an area of
380 km2 jin which 50,000 people live. The recommended plan
for protection of paddy field includes channel improvement for
20 km in the upper stretch of the Muar river, 16 km of Jempol
river and 17 km of Cemanche riﬁer'ahd integration of a flood
control space of 24.4 million m3 in the Muar dam which is
proposed for balancing water demand and supply. The construc-
tion of ring bund is also recommended to protect a southwestern

part of Segamat town.

7.5.13 Batu Pahat river flood mitigation plan

Rubber and oil palm farms in the Batu Pahat river basin
are suffered from ill-drainage and flooding. The Batu Pahat
river bifurcating into the Simpang Kiri, Bekok and Semberong
rivers flooded 350 km2 where 30,000 people live. As a part of
the West Johor Agricultural Development Project, the Semberong
dam is being constructed and the'éekok dam has been planned'
for the purpose of flobd“mitigation. In addition to thesé,
it is recommended to provide channel improveméﬁt of 32 km fdr
the Simpang Kiri river, 40 km for the Bekok river and 21 km
for the Semberong river and to constfuct a prass flobdway of
19 km by enlarging the Senggerang river between the confluent
of the Bekok and Semberong rivers and the sea. '
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7.5.14 = Sekudai rivér'f}qod nitigation plan

‘Chiannel. improvement of 25 km above the existing tidal
gat® to protect the area including Kulai town is recommended
ag alcontinuation of the on-going project.

Sl
7.5.15 Johor river £lood witigation plan

[ 2SN B
Vil

o ;. It is recommended to construct a ring bund to protect
%&qutpgople in Kota Tinggi.

v

7.5.16 Mersing river flood mitigation plan

“. The Mersing river flooded 42 kmZ2 and affected 16,000
pedplgain 1971. It is recdmmended to protect Mersing town of
;SEQQQ in .population and agricultural lands by providing '
qﬁagnel improvement for 6 km upstream of the town.

7f5317 Endau .river flood mitigation plan

'The'damage potential in'the_Enaau river basin is small
except the-Mengkibol'river, a tributary located in the south-
west of the river basin and the lower most stretch of thé main
stream where the Sawah Endau irrigation project is under
construction. It is recommended to protect Keluang town of
55,000 ih population and its vicinity by'providing channel
improvement for 11 km along the Mengkibol river. The Sawah
Endau irrigation project should include necessary protection

for the project area.

7:5n18 ~Pahang river flood mitigation plan

Floods in the Pahang river is so large that they can
significantly be mitigated by neither dam ﬁor river improvement.
The flood in 1971 inundated 3,000 kn? in which 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
people), Temerloh (15,000), Mentakab (9,000} and Kuala Lips
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- {11,000). Some contribution to flood mitigation can be
expected from the dams proposed for hydropower genexation,
_though the effect is minor. It is recommended to provide .
flood control storagé spaces to the Tekai, Tembeling, Telom .
and Jelai Kechil dams. Even with these measures, number of
protected people will be only 63,000, which is far below the
target. Resettlemeht of people from the areas seriously
affected by floocd to the new towns of the Pahang Tenggara

development project needs to be considered.

7.5.19 Kuantan river flood mitigation plan

The Kuantan river flooded 230 km?2 in 1981. 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 péopie in 22 km2 withihﬁ
Kuantan town by providing channel improvement of & km at the

estuary and ring bund surrounding Batu Tiga/Paya Besar area..

7.5.20 Kemaman river flood mitigation.plan

The Kemamah'rivér flooded 265 km2 in 1971. The recom-
mended plan is to protect 14, 000 people by prov1d1ng a ring
bund for Chukai town.

7.5.21 Ibai river flocd mitigatidn‘plan

The Tbai river located to the south of Kuala.Trengganu
flooded 36 kmZ2 in 1967. Channel improvement of 12 km is
recommended for the lowermost stretch of the river to protect
23,000 people in 20 kmZ2.
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7.5.22 Trengganu river flood mitigation plan

Trengganu river flooded 290 km2 in 1967, but no overbank
flow will take place in the main stream under 50—year-floo&,'
if the Kenyir dam is completed. The recommended plan includes
channel improvement of 12 km in the lowermost stretch of '
the main stream and 5 km in the Nerus river, a tributary, to
protect Kuala Trengganu of 199,000 in population from flood
coming from the Nerus river, and ring bund to protect 3,900
people in Kuala Brang against flood originating from the Brang
river which is also a'tributary of the Trengganu river.

7.5.23 Setiu river flood mitigation plan
The Setiu river inundated 252 km2 in 1967. The recom—

mended plan is to_proteét 6,600 people by providing channel
improvement for 9 km as a continuation of the on-going project.

7.5.24 Reluang Besar and Besut rivers
flood mitigation plan '

_ The Keluang Besar and_Besutlrivers, runnihg across the
‘Besut irrigation project area of 5,058 ha, flooded 266 km? in
1967. The recommended plan is to protéct'the'irfigétion area
and 57,000 people by prbviding'channel improvement for 12 km
of the Keluang Besar river and 21 km of the Besut river.

7.5.25 Kelantan river flood mitigation plah

severe flood occurred in 1926, 1931, 1965} 1967, 1969,
1972, 1973, 1975 and 1979. Of these the flood in 1967 is the
biggest one. The ﬂaﬁage.potential and the number of people
affected are estimatéd to be more than M$100 million and
625,000. respectively at 1980 level in the Kelantan plain.
The flooding is caused by overbank from the Kelantan river,
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The vecommended. flood mitigation program for the Kelantan
river basin was worked out assuming that the Lebir and-Dabong
dams would be operational by 1995. It includes the river
improvement for 65 km of river stretch between the Gulllemard
bridge and the estuary, construction of a polder (ring bund)
for Kuala Kerai and provision of flood mitigation storage in
the 2 dams, in order to protect 380,000 people in 78,000 ha.
The construction cost. was estimated to be M$400 million at
1980 constant price. An alternative if no dam would be
constructed was also studied. The construction cost was esti-
mated to be M$600 million. Although the estimated cost is
very preliminary based on 1/63 360 map, this 1arge dlfference
in cost indicated that the proposed 2 dams are guite effectlve
for the flood mltlgatlon. The Leblr and Dabong dams together
can regulate floods from almost 80% of the Kelantan river basin
and they can reduce the flood discharge by 30%, beslde gene—
rating a laxge hydropbwer. Furthermore, source deVelopment
will, sooner or later, become necéssary to support the growing
water demand in the coastal plain, Eafly impleméntation of
the Lebir and Dabong dams is worth for serious consideration
from the v1ewp01nt of integrated devalopment of the Kelantan

river basin.

7.5.26 Tawau river flood mitigétion project

Tawau, pOpulated by 50,000, is located at the eStuary.of
‘the Tawau river. The town is often flooded, because the river,
stretcﬁing'for 9 km in the town, is not capable of dischérging
flood. .For example, a flash flood-in January, 1981 flooded
18 km2 and affected 6, 000 people, mostly within the town. '
The recommgnded flood mitigation plan consists of the excava-
tlon of a bypass floodway of 3 km in length and improvement of
existing river channel of 9 km in length. -Although incorpora-
tion of flood control storage was prelimihary discarded in the
proposed Tawau dam, it should be further studied in the Stage
of feasibility study.
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7.5.27 Bandau plain flood mitigation project.

The Langkon, Bongan, Kota Marudu and Tandek rivers run
through the Bandau plain where several villages are located.
A flood associated with high tide in January, 1981 inundated
109 km2 including Langkon and Kota Marudu towns. A budget
has been allocated under 4MP for the flood mitigation in the
Bandau plain, The recommended flood mitigation plan is river
channel improvement of 56 km ih length in order to'protect
Bandau plain.

7.5.28 Putatan river channel improvement project

The Moyog river distributes into small cﬁannelS-of small
discharge capacity in the south of Kota'Kinabalq. The major
distributary is the Putatan river causing drainage problem
in the surrounding area. The Putatan river inundated 7 km?2
and affected 7,000 people in a flood in 1974. The recommended
flood mitigation plan is river channel improvement of 12 km

in length in the town area.

7.5.29 Kadamaian river channel'improvemént project

The £lood of January,'1981:affectéd'Ehe lo=#iying area'
of Kota Belud town and the irrigation scheme. A comparatively
1ar§e scéle irrigatibﬂ:SCheme is carried out and will be
exﬁanded in the flood prone area.: The banks were eroded in
gseveral places by.floods. The recommended flood'mitigation
plan is the river channel improvement of 16 km in length.in

the most downstream stretch.

7.5.30 Limbang flood mitigation dam project

The Limbang valley project has been proposed for agri-
cultural development of 20,000 ha including.8,600 ha of paddy
irrigation in the lowér Limbang valley. The major constraint
of the development is flood problem. The Limbang flood miti-
gaﬁion dam is proposed at just upstream of the Limbang valley
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project area, The storage capacity of 450 million m3 can
reduce flood discharge to a hbn—damage flow in the downstream
‘river channel, and also power generation will be made possible.
Since the proiject is for irrigation purpose, the project cost

is included in the irrigation sector of this Study.

7.5.31 Miri river flood mlthatlon prOJect

The Miri river inundated 674 km? in January, 1963 Miri
town located near the estuary of the Miyri river is an industrial
town of 55,000 in population at present, The flood damage
must be large if the same flood occurs under the present
condition. The recommended flood mitigation.plan is the con-
struction of a bypass floodway of 5 km in length at Just
upstream of Luton, which is located 2 km to the north of Miri.

7.5.32 Construction of ring bund at Niah

The construction of ring bund including bank protection

vork is recommended for Niah of 900 in population.

7.5.33 Kenena river flood mltlgatlon plan

The river channel: 1mprovement is recommended for a 30 km
stretch in length of the Kemena river to protect 17,000 people

in the flood prone area in Bintulu.

7.5.34 Matu river channel improvément pian-

The Matu river flooded 226 km? in 1963 affécting 7,000"
people. The recommended plan is the river channel improvement
of 21 km. '



7.5.35 Sarawak river flood mitigation plan .-

The recommended plan includes the Bengoh flood mitigation
dam in the Sarawak river and channel improvement of 142 km in
the Saiawak and Samarahan rivers to protect 62,000 people in
the flood prone area. The superiority from the technical and
economic points of view is preliminarily given to the Bengoh
dam over the Giam dam, however, the latter shall be examined

in ﬁhe_feasibility study stage.

7.6 TInland Navigation Development Plan

Considering the significance of the inland navigation
develOpmenthfor the economic development and the enhancement
of social well—being.in Sarawak, it is.recommendéd that in
the short-run the plan for 4MP, which envisages to implement
95 pfojects at the'éost of about M$38 million proposed by the
State PWD, should fully be implemented.

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

at this stage are only notional just to indicate the order of

magnitude.

The construction costs consist of directfconétruction
cost (contract amotﬁt), engineering and admihisfration, land
acqﬁisition and physical contingency. The direct construction
cost was estimated based on the actual éosts and previous
estimate for similar projects in Malaysia. Major unit costs
assumed are listed in Tables 61 to 64, The physical contin-
gency was assumed to be 30%. The constrﬁction cost ' is
disbursed in five years antecedent to the year of commission
of the proposed facilities except that the construction cost
of rural untreated water supply project is assumed to be

disbursed in one year.



The construction costs were estimated for all the facili-
ties recommended herein and those of which construction was
started after 1980, except that the existing budget for water
supply in 4MP was assumed'to be capable of conétructing
domestic and industrial water supply system and irrigation
system to the extent required up to 1985 and was not included

in the.expenditure for 4MP.

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

financed,

Acéording £d 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 estimaﬁing 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.

'As shown in Table 65, the. public development expenditure
for the water resources development will be in the order of
MS6 bllllon for 4MP, MS16 bllllon for 5Mp, M§$13 bllllon.ror
6MP and M$6 billion for 7MP. The total amount in the order
of M$4l pillion is about equal to the total development
expenditure.ih the présent.budget1of 4MP.  In terms of share
in the public devélépment expenditure, public water supply
is the largeat of 35%, water source development for water
resourges_develppment, sewerage and hydropower is 15% each
and'irrigation and flood mitigation together is 15%. Pr;vate
development exPenditﬁre will be of the order of M$15 biilibn
~in 4MP to 7MP as shown in Table 66, contributing 27% to the
total development expénditure. Private water supply mainif

for industries. will account for 1/3 of the private develop-



ment expenditure., Public recurrent expendlture for the
same period will be about MS$8 bllllon or 20% of the publlc
development expenditure as shown in Table 67.

7.8 Manpower Requirement

Assuming:that design and construction superﬁision will
be entrusted to consultants, construction work will be
carried out by contractors, and operation and maintenance
will be performed by inhouse staff, manpower requirement for
the implementation, operation and management of the recommend-
ed plan in the public sector is indicatively estimated as
shown in Table 68. o

The wmanpower requiremeht for construétion will be of
the order of'Z;DOO persons for 4Mp and it will be about 3,000
persons thereafter, The required manpower will include 400
to 500 englneers, 400 to 600 technical assistants, 500 tb 800
technlclans, and 600 to 1,100 other staff,

The manpower requirement for operation and maintenance
will be increased from the order of 13,000 persons for 4&MpP
to 26,000 persons for 7MP., Included will be-ZOO - 500
engineers, 300 - 800 technlcal a551stants, 100 ~ 300 assist~
ants and ll 000 - 22, 000 other staff,

The aggregate mahpower requirement will:increase from
15,000 persons for 4MP to 29;600 persons for 7MP, including
600 - 1,000 engineers, 700 - 1,400 technical'assistants, |
600 ~ 1,100 assistants and 11,600 - 23,100 other staff.

7.9 BReneficial and Adverse Effects

The beneficial and adverse effects of recommendedelans
_are evaluated from the viewpoints of natlonal economic

‘development, environmental quality and social well- belng.
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7.9.1 National_eéoaemic development |

The beneficial and adverse effects of proposed plans on
the national economic development account are calculated as
+he annual eQuivalent of econonic benefits and costs, assuming
a discount vate of 8% for an evaluation period of 50 years
between l981 ‘and 2030. - |

The prices of internationally traded goods and serv1ces
were estimated based on the World Bank projection to 1990, or
‘the ‘international market price in December, 1980. 'The prices
of locally traded goods and services were the normalized price
in December, 1980. The transfer payments such as tax and tocal
contractors profit are deducted from all prices. The ratio
of transfer payment to the financial cost is assumed to be
206 of financial cost referrlng to the ratio of tax revenue

to GDP at purchasers' price in 1980 in 4MP.

The domestic and industrial water supply benefit is .
estlmated based on the least»costly alternative facilities
cost criteria. The water deficit is Drellmlnarlly allocated
to domestic and industrial water supply and 1rr1gat10n water
supply in proportion to the demand. A constraction'schedule
of dams to meet the deficit allocated to domestic and 1ndu3tr1a1
water supply is thus prepared, assumlng the least costly dans
among those-whieh arefno£ incluﬂed in the recommended plan.
The cost of the above-mentioned dams and the recommended intake,
conveyance, treatment and distribution system is regarded as

the benefit of domestic and industrial water supply.

There should be established a rule for the emergency
operation against the drou@ht in which both the rate of water
withdrawal and rate of river maintenance  flow should be sus-
tained as much as possible and the river flow should be kept
not below the essential river maintenance flow. Herein a

simplified rule is assumed: Water withdrawal for use continues
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until the river flow after the water withdrawal lowers' to the
essential river maintenance flow and theteafter the ﬁatér
withdrawal is reduced so that river flow no longer lowers.
Consequénﬁly, the reduction in supply for domestic and indus-
trial water demand and irrigation water demand is calculated
through the period in which runoff record is available,
allowing low flow after the water withdrawal .to be equal to
the essential river maintenance flow. The reduction in
irrigation benefit is calculated assuming that it is propor-

tional to the reduction in the supply;

The economic:farmgate price .of paddy during the evalua-
tion period is estimated to be M$640/ton based on the pro-
jected price of 5% broken rice, FOB Bangkok. Paddy yield,
gross value, production cost”and net value are estimted for
1990 and 2000 by irrigation condition. The hectareage of
newly reclaimed land_ahd”upgraded'lands'from rainfed paddy to
irrigated or control drainaged paddy, single crop to double
crop and minor scheme to major scheme are estimated for the
future. Then the irrigation benefit is obtained as the

incremental net production value.

Hydropower benefit is estimated assuming the unit value
of power to be M$175/kW and M$0.122/kwWh for=Peﬁinsu1ar
Malaysia and M$76/kW and M$0.149/kWh for Sabah and Sarawak.

The sewerage benefit is the willingness-to-pay by served
people and saving in the cost of purification of industrial
waste. It is tentatively assumed to BefO.G% of real_ihcome
- of served people and gross value of manufacturing prdduction

of served industries.

Pté-treatment faéilities are necessary if BOD_concéntra—
tion 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.

.,87_



This saving in cost is counted as a part of water pollution

abatenent 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 certain mOdefate

rate.

"The fish culture benefit is estimated to be M$2,000/ha
for the fish pond and M$1,6 million/reservoir for the cage

culture in the created reservoir,

Benefit of recreation in the created.reservoir_is _
estimated by_ﬁse of the concept of willingness~to—§ay of the
visitors to the reservoir, 'The willingnessétO*pay is
estimated to be MS$0.1/km in ﬁerms of the travelling, or fuel

cost of the vehicles to the recrcation area.

The economic cost is calculated as £he'énnual equivaléht:
of the construction cost and OMR cost.‘_it.is'noteﬁ that £he
private sector cost of water supply facilities, purification
facilities in palm 0il mills and rubber factories and sewerage

facilities are included in the eccnomic cost.

The economic internal rate of'retu:n (EIRR):is.calculéted
as the discount rate with which the present worth of benefit

equals to that of cost.

7.9.2 Environmental quality

The beneficial and adverée effects of proposed plans
from the viewpoint of environmental quality are represeﬁted
by the quantities of appropriate parameters.
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The rlver malntenance flow is the requ151te for the
conservatlon of river environment and adequate water use.
The effect oh 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 reservoir is

counted by the water surface area.

The reduction in length of river stretches in which BOD
concentration will be more than 5 mg/lit is regarded as the
beneficial effect of water pollution abatement.

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.

I£ a_daﬁ is cohstrﬁcted;-some species of fish would
probably aisappear in certain length of river stretch immedi-
ately downstream of the dam showing an adverse effect on
‘ecological system, though such adverse effect can be compensated

by possible cage culture in the created reservoir.

7.9.3 Social Well-being

~ The iﬁccme iﬁcrease, health improﬁemént,_life saving, and
reduced risk in water supply are counted as the beneficial
effect from the viewpoint of social well-being. The adverse
effect is the inevitable removal of people for the purpose of

construction of proposed facilities.



7.9.4 ‘Beneficial and adverse effects of water demand and
supply balance plan
‘The beneficial and adverse effects of water demand and

supply balance plan are summarized in Table 69.

Economic beneflts ‘acerue from irrigation, domestlc and
lndustrlal water supply, inland fishery including cage culture
in the reservoirs created and pond culture, and recreation in
the reservoir ‘created, The annual equivalent of the above~
mentioned benefits lncludlng those derived from proposed hydro~
power projects is estimated to be M$1.5 billion, in which the
beﬁefit from domestic and water supply has the largest share
of 78% and irrigation of 17% follows. In the cost side, dam
and diversion facilities cost is separately counted from the
facilities for specific purposes. The annual equivalent of
cost is estimated to be M$1.3 billion in which 14% is
accounted for by dam and diversion facilities, 10% by irriga~
tion, 74% by domestic and industrial water suppiy, and the
reminder by inland fishery. The value of EIRR is calculated
to be 11%,.

The séfe maintenance flow pericd in the driest year ever
recorded ‘ranges between 290 days and 365 days showing a
dlfference of 30 days to 293 days COmpared with that under
the condltlon w1thout the recommended plan to be 1mplemented
as shown in Table 70. Surface area of reservoir created is
409 km?. Kind of fish may reduce immediately downstream of

41 dams/barrages recommended.

Number of farm households benefited by the proposed irri-
gation developmeﬁt”will be 290,000 in 2000, People,sérved by
public water supply system by 2000 will be 21.8 million or
99% of total population. Safe supply period will be largely
improved, it will range_bétweén 298 days and 365 days even
in the driest year ever recorded, with increase.between 25
days and 278 days as shown in Table 70. Number of people who
have to be removed for the construction of proposed facilities
will be 2,000 by 2000.

- O -



7.9.5 Beneflclal and adverse effects of hydlopower
development plan
The benef1c1al and adverse effects of recommended hydro"
power development plan are summarized in Table 71 The
economic benefits other than hydropower generation beneflt
are included in the relevant table of either water demand

and supply balance plan or flood mitigation plan,

The annual equivalent of economic hYdropower benefit
will be M$502 million compared with the annual equiﬁaleht of
economic cost of M$177 million resulting in the value of
BEIRR of 20%.

Surface area of reservoir created will be 1,307 kmz,
while 20 dams may reduce kinds of fish in the river stretches

immediately downstream.

About 30,000 people have to be.removed for the construc-
tion of facilities. ' '

7.9.6 Beneficial and adverse effects of water pollutlon
abatement plan
The beneficial and adverse effects of water pollution

abatement plan is as summarized in Table 72.

Economic benefits will accrue from sewerage service
itself ahd from the saving in_the premtfeatment facilities
cost which would be incurred by'water supply. The annual
equivalent'of benefits is estimated to be M$141 million.
Economic oosts include public and private costs for sewerage,
purification of effluent from rubber factories and pelm oil
mills, and preftreatment for the water supply which will have
to depend on river siretch where BOD concentration will be
still high. The annual equivalent of economic costs ig
estimated to be M$5160 miliion, which_is more than the benefit.
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The majorgobjective of water poliution_abétement is
1m010vement of env1ronmental quality. If the recommended
plan is 1mplemented the river stretches 1n whlch BOD conn_
centration is more than 5 mg/lit of 1,891 km in 1990 and
1,221 km in 2000 will be reduced to 402 km in 1990 and
427 km in 2000 as shown in Table 73. '

Number of people served by sewerage'system will be
3.9 million in 2000.

7.9.7 Beneficial and adverse effects of sewerage development
plan not affecting river water quality

Thé beneficial and adverse effects of sewerage develop-
ment plan in which sewerage projects are not effective to
attain the target BOD concentration because they are proposed
in either coastal towns or in the towns located adjacent to

clean rivers, are summarized in Table 74.

The annual equivalent of economic benefit is estimated
to be MS$68 million against the annual equivalent of economic

cost of M$191 million.
The beneficial effects on environmentai qﬁality can be

expected in the improvement in water gquality in estuary and

sea, though they have not been quantified.

Nunber of people served by the proposed sewerage system
w1ll be 4.4 miliion.

7.9.8 Beneficial and adverse effects of flood mitigation
plan

The beneficial and adverse effects of flood mitigation

plan are summarized in Table 75.
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Damage reducti@n oniy is counted while land enhancement
beﬁefit_is not considered. The annual equivalent of economic
penefit is estimated to be M$75 million and annual equivalent
of cost is estimated to be M$71 million. The value of EIRR
is calculated to be 8.4%.

Length of improvéd river stretch will be 932 km.

Major beneficial effects can be found in the social
well-being aspe0£. 'If the plan is implemented, 1.8 million
people will be protected from floods and 924,000 people will
be served by the flood warning 5ystem. Area relived from
flood hazard will be 503,000 ha. Number of people to be
removed will be 63,000. '
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8. PLAN UNDER THE CONDITION OF LOWER
ECONOMIC GROWTH

8;1 Assumed GDP Growth Rate .

The recommended pian'described in the foregoing chapter
is based on an assumption that the growth rate of GDP is 7.7%
from 1980 to 1985, 8.4% from 1985 to 1990, in accordance with
4MP and OPP and further projected to be 7.5% from 1990 to 2000.

Por reference, a plan under a lower economic'grbwth 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% from 1980 to 1985, 6% from 1985 to .
1990, and 5% from 1990 to 2000. With this assumption, GDP in
2000 is approximately equal to that in 1995 in the original
assumption. Table 76 shows the.projected GDP by state under

the coﬁdition of lower economic growth.

8.2 Effects Induced by Lower Econonic Growth

_ ‘The parameters dominated by GDP per capita are the urbani-
zation ratio, share of maﬁufaéturihg sector in GDP, grOSs valué
of industrial ouﬁput,_power consumption per capita, domestic
water consumption per capita and value of flood damage, SO far
relatéd with the water resources development and use. These
_parameters under the condition of lower economic growth were
estimated assuming a functional relationships with GDP per

capita.

The servicé:factor'in domestic water_éupply and rate of
irrigation development may be affected by the economic growth,
but they are rather ruled by the socio=~economic policy. It is
herein assumed that the target service factor in domestic water
Supply.for 2000 is delayed by five years but the rate of
irrigation development does not change even under the lower

economic development.
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8.3 Reduced Demands Under the Condition of Lower Economic
Growth
The projected GDP under the condition of lower economic
growth is M$47.6 billion for 1990 and M$77.6 billion for 2000
at 1980 constant price. In terms of ratio to the original
estimate, it is 87% for 1990 and 69% for 2000. |

Domestic and industrial water demand under the condltlon
of lower economic growth is projected to be 2.3 bllllon m3/y
for 1990 and 3.6 billion m3/y for 2000 -as shown in Tables 77
and 78. Its ratio to the original estimate is 89% for 1990
and 75% for 2000. ' '

Overall service factor of public water supply system
under the condition of lower economic growth is estimated to
be 88% for 1990 and 96% for 2000, while it is, in the orlglnal
estimate, 90% for 1990 and 99% for 2000.

Power demand in the whole Malaysia under the condition
of lower economic growth is estimated to be 3,600 MW for 1990
and 6,400 MW for 2000, while the original estimate is 4,800 MW
for 1990 and 10,800 MW for 2000.

Daily rate of BOD load discharged into river under the
condition of 10Qer ecdnoﬁic_growfh is estiméted to be 505 tons
for. 1990 and 588 tdns for 2000. Cdmpared with the original
estimate of 533 tons for 19%0 and 680 tons for 2000, it is 95%
for 1990 and 86% for 2000.

8.4 Development Plan

The development plan under the condition of lower
economic growth is tabulated in Tables 79 to 89.
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8.5 Expenditure and Manpower Requirement

The public and private development expenditure
and public recurrent expenditure are estimated for the case of
lower economic growth as shown in Tables 90 to 92, and the
corresponding manpower requirement is as shown in Table 93.

Public development expenditure will be M$4.4 pillion for
4MP, M$11.7 billion for 5MP, M$10.2 billion for 6MP and M$5.3
billion for 7MP totalling M$31l.6 billion, which is 77% of the.
original estimate. Private development expenditure will be
M$8.1 billion, or 55% of the original estimate, and public
recurrent expenditure will be M$5.9 billion or 78% of the

original estimate.

Aggregate manpower requiremeht for impiementation and
operation and maintenance of the proposed facilities will be
on the order for 2,000 persons for 4MP, 17,500 persons for
5Mp, 21,000 persons for 6MP_and'23,lOO perSOns for 7MP, being
about 80% - 85% compared with the original estimate. These
requirement will include 400 - 900 engineers, 500 - 1,300
technical assistants, 500 - 3,200 technicians and 700 - 20,500
other staff. ' '

8.6 Beneficial and Adverse Effects

The beneficial and adverse effects of the water resources
development and use plan in the case of lower economic growth

are summarized in Tables 94, 96, 97, 99 and 100.
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