The requivement of hydropower generatjon for Kota Kinabalu and
Keningau is estimated to be 224 MW in the year 2000 as shown in Table 47.
The requirement for the Sabah grid system development 1s estimated to be
586 MW in the year 2000 as shown in Table 48.

The hydropower development plan for Kota Kinabalu, shown in Table 49,
is recommended as the most realistic plan for Sabah. The development plan
for the Sabah grid system, shown in ‘Table 50, is proposed as an alternative
plan. Table 53 shows the recommended hydropower development plan for the
case under the condition of lower economic growth. Table 51 shows the
power demand of major power stations for the case of lower economic growth.

Fig. 28 shows the recommended power balance program at Kota Kinabalu
and the other major power stations in Sabah.

The location of the proposed hydropower sites, alternative sites and
routes of transmission lines are shown in Fig. 30.

The alternative combination of hydropower development and the Optimum
development scale depend on the requlred ratic of hydropower portion to
the total power demand. .

In this study, the two foregoing alternative hydropower requirement
4 proposed to make the hydropower portion larger as practically as
possible based on the present energy pollcy which emphasizes saving
fossil oil.

In the screening process the other cases having lower hydropower
portion of 20 to 50% were also preliminarily studied changing the com-
bination of sites, demand centers, route of transmission line as listed
in Tables 54 and 56. : ’

4.3.3 Bydropower development plans in- Sarawak

Two alternative hydropower development plans dre formulated for the
State of Sarawak. One is for the largest demand center, Kuching, in
which projected maximum power demand is 142 MW in 1990 and 295 MW in 2000.
The other one is for Kuching, Sarikei, Sibu, Bintulu and Miri in which
projected maximum power demand is 245 MW in 1990 and 558 MW in 2000,

If the energy-intensive projeéct is commissioned for Bintulu the maximum
power demand is increased to 736 MW in 1990 and 1,054 -MW in 2000. In the
latter case, the demand centers are isolated each other, and therefore

a grid system of transmission line 1s required to connect these demand
centers,

The requirement of hYdropower genération including reserved capacity
is estimated for Kuching to be 190 MW in the year 2000 after completion
of the Batang Ai hydropower station. '

. The upper Batang Ai, Batang Sekrang and Konowit (identified as
KONO 110 in Ref.- 2) hydropower schemes shown in Table 52 are recommended
for Kuching power demand to bridge the commission of the large scale
development. ‘ :



1f the energymlntensive industries is commissioned in Bintulu, the
Pelagus (Raja 284) scheme with 770 MW should be constructed taking into
account a power transmission line grid system through the StaLe_of Sarawak.

Table 53 shows the recommended hydropower development plan- for the
case under the condltlon of lower ecomomic glowth

Fig. 29 shows the recommended power balance program at'Kuchiﬁg and
the other major power stations in Sarawak.

The location of the pfoposed hydropower sites, alternative sites and
routes of transmission lines are shown in Fip. 31.

In the screening process the other cases, which exclude the dewmand
of energy~-intensive industries in Bintulu but intend to supply to Kuching,
Sibu, Bintulu and Miri, were alsoé preliminarily studied changing the
demand of hydropower portion, combination of sites, demand centers, route
of transmission line as listed in Table 57.

Though the investment efficiency of these alternatives is estimated
to be better than that of the recommeénded plan, these combination is not
proposed because the accessibility to these sites is extremely bad and
uncertainties are involved in the .timing to bridge the commission of the
energy intensive industries in Bintulu.

The hydropower potential of the Song upper and Song lower sites,
which are located upstream and downstream of Song town in the Rajang
river respectively (see Fig. 31), is roughly estimated. The potential
installed capacity is estimated around 300 to 440 MW as shown in Table 85.
The high power potential of the two sites is very attractive but imple-
mentation of these sites would be practically not feasible because most
residents lived in the river plane along the Rajang river will be sub-
merged. completely. '

4,3.4 TFeatures of hydropower projects

The major technical features of the proposed hydropower projects in
Sabah and Sarawak are roughtly estimated @nd presented in Tables 77 to 84,
which compile gross sbtorage, active storage, full supply level, reservoir
surface area, dam height, installed capacity, annual energy, rated head
and breakdown of the project cost. The values which are not available
are kept as blank.

4,4 Economic Benefit of Hydtopowér Development
4.4,1 Methodology .

. Economic benefit to be derived from power generation by the proposed
_hydropower projects 1s estimated based on the least-costly alternative
power facilities cost criteria. .As the alternatives, the following power
- plants are considered and economic comparison is made based on the price
levels at the end of 1980.
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Alternatives — - Unit Capacity (MW)

Diesel ' 8 & 12
Gas turbine ' 22
Qil~fired thermal 60

Coal-fired thermal 60

For the proposed hydropower pro;ects in Sabah and Sarawak, gas
turbine plant of 22 MW unit capacity is selected based on the results of
the economic comparlson taking into account the projected total power
demand in Sabah and Sarawak, type and unit capacity of the power plants
planned by SEB and SESCO and other relevant matters.

4.4.2 Economic power benefit
(1) Power (kW) value
On the basis of the economic construction cost of 22 MW gas turbine

plant, ammal equivalent cost required for producing the anticipated
power is estimated with the following assumptions:

. Fconomic construction cost MS&40/ kW
Construction period 2 years

» Economic life ) ' 15 years
Salvage value : .10%

- Insurance (% of construction cost) _ 0.6%

+ Fixed 0&M (% of construction cost) 3.5%

The annual equivalent cost per kW is estimated at M$6l 3 at 8%
discount rate.

For the calculation of the kW value, adjustment factor of hydropower
to the thermal power is calculated at 1.24 as shown in Table 58.

he kW value is estimated at M$76.0.
(2) Energy (kWh) value

The annual equivalent cost required_fér generating the projected
energy is the sum of fuel cost and variable 0&M cost of the 22 MW gas

turbine plant, which is calculated at M$0.145/kWh with the f0110w1ng
assumptions: : S

. Fuel consumption : . 0.299 lit/kWh
. 0il price : M$75.5/barrel (US$34 /barrel)
« Variable O&M (% of: fuel cost) : 2.25%
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_ For the calculation of the kWh value, adjustment factor of hydro-
. power to the thermal power is calculated at 1.028 as shown in Table 58,
The kWh value is estimated at M$0.149/kWh.

{3) Economic power benefit

The total power benefit of each hydropower project 1s estimated for
each dlscount rate as follows:

Total annual power beneflt = Installed capacity x kW value
+ Annual'generated energy x kWh value
The annual equivalent of economic benefit at 8% discount rate for

each hydropower project is shown in the Sectoral Report, Vol. 17, Public
Expenditure and Beneficial and Adverse Effects.
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5. BENEFICIAL -AND ADVERSE EFFECTS DUE TO
WATER SOURCE AND HYDROPOWER DEVELOPMENT

5.1 Parameters Showing Beneficial and Adverse Effeccts.
due to Water Source and Hydropower Development

The beneficial and adverse effects due to the alternative water
source development for water demand and supply balance programs and

hydropower development are evaluated from the standpoint of national
economic development, environmental quality and social well-belng as set

out. below: :
.1) National economic'development
a) economic benefit
b) econoﬁic cost |
c) economic internal rate of return
2) Environmental quality
a) beneficial éffect; safe'fiver maintenénce‘flow pé;iod
b) adverse effect;'pﬁssiblelredﬁction in Rind of fish
' immediately downstream of dams and barrages
(number of sites)
3) Social well~beiﬁg
a) beneficial effept;

safe water supply period

drought damage ratio
b) adverse effect;

. number.of people to be remdved for construction of water
source and hydropower facilities

. 1aﬁd compensation and resettlément

The beneficial and adverse effects on all the sectors are evaluated
for the. whole Malaysia in the Main Report, Vol. 2. It is evaluated by
State basis in the State Reports (Vols. 9 & 10) and the detailed evalua-
tion is made for each sector by project basis in' the' Sectoral Report,
Public Expenditure and Beneficial and Adverse Effects. In this chapter
the caleulation procedure and results of the effects due to water source
development and hydropower development are independently presented. '
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5.2 MNarional Ecoﬁomic-Development

The beneficial and adverse effects of the alternatives on the national
economic development account are calculated as the annual equivalent of
economic benefits and costs, assuming a discount rate of 8% for an evalu~
ation period of 50 years between 1981 and 2030,

The prices of internationally traded goods and services are 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
are the normalized price in December, 1980. The transfer payments such
as tax and local contractors' profit are ‘deducted from all prices.

The ratio of transfer payment to the financial cost is assumed to be 20%
of financial cost referring to the ratio of tax revenued to GDP at
purchasers' price in 1980 in 4MP.

The supply capacity required for multipurpose development scheme is
allocated to domestic and industrial water supply and irvigation water
supply in proportion to the demand.

The domestic and industrial water supply benefit is estimated based
on the least-costly alternative facilities cost criteria. A construction
schedule of dams to meet the required supply capacity which is allocated
to domestic and industrial water supply is prepared, assuming the least
costly dams among those which are not proposed for the alternative.

The cost of the above-mentioned dams and the proposed intake, counveyance,
treatment and distribution system is regarded as the benefit of domestic
and industrial water supply without drought damage. :

So far as the hydrological condition in the record period from 10 to
16 years is assumed, all water deficit can be met by Alternative Bl in
the Basins with the rviver utilization of more than 10%. On the other hand,
there may be a certain water deficit in the casés of Alternatives B2 and B2

_ 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 is assumed that water withdrawal for use con-
tinues until the river flow lowers to the essential river maintenance

flow after the water withdrawal and thereafter the water withdrawal is
reduced so that river flow no longer lowers. ' Consequently the reduction
in supply for domestic and industrial water demand and irrigation water
‘demand was calculated through the recorded period for Alternatives B2 and
B3, allowing low flow after the water withdrawal to be equal to the
essential river maintenance flow.  The reduction in. benefit was calculated
assuming that 1t is proportional to the reduction.in the supply.

The drought damage ratio is estimated in Section 5.3.2 for this purpose.

The cconomic internal rate of return {EIRR) 4s calculated as the

discount rate with which the present worth of benefit equals to that of
cost. '
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All ‘the results for the national economic development account are
compilod in the Main Report {(Vol. 2), the State Reports and the Sectoral
Report {Public Expenditure and Beneficial and Adverse Effects).

The benefit of the hydroﬁowef development is described in Chapter 4,

5.3 Environmental Quality and Social Well-being
5.3.1 Safe river maintenance flow period

The river maintenance flow is the requisite for the consexvation of
river environment and adequate water use. The effect on the river mainte-
nance flow is evaluated by the safe river maintenance flow period defined
as follows: '

The period when the desirable river minimum maintenance £low
{the dally mean discharge with the probability of exceedence of 97%, Q97%)
is sustained under the most sevete drought ever recorded (1/N), provided
100% water supply is gualanteed. :

The calculation model of the safe river maintenance flow period is
shown in Table 59. The safe river maintenance flow 1is calculated for
the both conditions before (without structural measures) and after (with
structural measures) the structural measures of water source facilities
are provided. The results of the alternatives Bl ~ B3 are shown in Table
60 for the years 1990 and 2000. The results of the recommended plan are
shown in Table 62 for the years 1990 and 2000. The value with structural
measdres are compared with the value without structural measures under’
1/N drought level to show the rate of improvement, Table 61 shows the
values without structural measures under different drought level, 1/N, 2/N
arnd 3/N for the 47 Basins. The results of recommended plan under the lower
economic growth are presented in Tablée 63 for the years 1990 and 2000.

5.3.2 GSafe water supply period and'drodght damage ratio
The safe water supply perlod is defined as follows:

The period when water supply is gualanteed 100/ but the river minimum
maintenance flow is reduced to the essential minimimn maintenance. flow
{the daily mean discharge with the probablllty of exceedence of 997 Q99/)
under the most sever droughL ever recorded (1/N}. '

The drought damage ratio is defined as Follows:
The ratlo of total amount of water shortage in. N years to the total
amount of development water including river minimum maintenance flow (Q97/)-

and withdrawal of all the sectors in N years in percent, p10v1ded alterna-
tive structural measures are given,

The calculation model of the safe water supply period and the drought
damage ratio is shown in Table 59.
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The safe water supply perlod is. estlmated for the both conditions be-
fore (without structural measures) and after (with structural measures) the
structural measures of water source facilities are prOVlded The. resulLs
of the alternatives Bl -~ B3 are shown in Table 60 for the years 1990 and
2000. The results of the recommended plan are shown in Table 62 for the
years 1990 and 2000. The value with structural measures is compared with
the value without structural measures under 1/N drought level to show
the rate of improvement. Table 61 shows the values without structural
measures under different drought level, 1/N, 2/N and 3/N for the 47 Basins.
The results of recommended plan under the lower economic growth are
presented in Table 63 for the years 1990 and 2000.

The drought damage ratio is estimated for the case with structural
measures and the results of alternatives Bl - B3 are shown in Table 64.
Table 65 shows the results with recommended plans under the both target
and lower economic growth in the years 1990 and 2000.

5.3.3 Resettlement and effects on aqua-ecology

The number of people to be removed for the purpose of construection
of proposed water source and hydropower development facilities is
caleulated as adverse effect.

If a dam or a barrage is ‘constructed, some species of fish would
disappear within a certain length of river stretch immediately dovnstream
of the dam reflectlng an adverse effect on ecological system, ‘though such
adverse effect could be compensated by p0391b1e cage culture in the created
reservoir. The number of dam or barrage sites is counted as the adverse
effect.

These results are complled in the Main Report, the State Reports and
the Gectoral Report, Public Expendlture ‘and Beneficial and Adverse Effects.

The land compensation and resettlement cost is accounted for the
project cost. Table 66 shows the standard land compensation and resettle~
ment ecost used in this study.

5.4 Number of Proposed Facilities and Manpower Requirément

The number of proposed water source fac111t1es (i.e. déms) and hydro-
power projects {(dams) is counted as of the commission. year of the facilities
and is compiled by alternative and the period of Malaysia Plan from SMP
(1986 1990) Lo 7MP (1996 - 2000) as llSted in Table 67

The manpower, which is- requ1red for const1uction, operatlon and mainte-
nance of the proposed facilities is also counted in terms of the number of
the required staff. The results are complled in Malaysia Plan by alternative
or recommended plan as shown in Tables 68 and 69 for water source facilities
and in Table 70 for hydropower dams,
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The grade of government staff is classified into 4 from A to D based
on the information of the Government of Malaysia. The number of staff
required for a project is assumed as follows:

: Operation and
Grade Construction Maintenance

(i) Water source facilities (dams)

A; Engineer 1 1
B; ‘Technical assistant 1 1
C; Technician 2 i
D; Others 3 4

Total 7 7

(ii) Hydfopower dams

A; Engineer _ 1 1
B; Technical assistant 2 2
C; Technician 2 1
D; Others 3 4

Total 8 8
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Table 1 STMULATION PERIOD OF WATER BALANCE BY BASIN

Simulation Period

Basin Simulation Period in Years
201 Pensiangan ‘1968 ~ 1977 10
202 Serudong 1968 - 1977 10
203 Kalabakan 1868 - 1977 10
204 Brantian 1968 - 1977 10
205 Umas Umas 1968 - 1977 10
206 Merutai Besar 1968 - 1977 10
207 Tawau 1968 -~ 1977 10
208 °  Kalumpang . 1968 - 1977 10
209 Silibukan 1968 - 1977 10
210 Segama 1968 ~ 1977 10
211 Kinabatangan 1968 - 1977 10
212 Segaliud 1964 - 1977 14
213 Labuk : 1964 -~ 1977 14
214 Sugut 1964 - 1977 14
215 Paltan _ 1964 ~ 1977 14
216 Bengkoka 1965 - 1977 13
217 Bongan 1965 -~ 1977 ' 13
7218 Kadamaian 1965 - 1977 13
219 Tuaran 1965 - 1977 13
220 Putatan - 1965 - 1977 13
221 Papar 1965 - 1977 13
222 Kimanis ' 1965 — 1977 13
223 Membakut 1965 -~ 1977 13
224 Padas 1968 - 1977 10
225 Labuan 1965 - 1977 13
226 Lakutan 1965 -~ 1977 13
227  Lawas ' 1965 - 1977 13
228 Trusan 1965 - 1977 13
229 Limbang 1966 - 1980 15
230 Baram 1966 - 1980 15
231 Miri _ _ 1967 - 1979 13
232 ‘Sibuti ' ' T 1967 - 1979 13
233 Niah 1967 - 1979 13
234 Buai 1967 - 1979 13
235 Similajau’ 1967 ~ 1979 13.
236 Kemena 1967 - 1979 ' 13
237 Tatau _ 1967 - 1979 13
238 Balingian . 1967 - 1979 13
239 Mukah 1967 - 1979 ' 13
240 Oya 1967 - 1979 13
241 Rajang 1967 --1979 13
242 Kerian 1964 —~ 1979 16
243 Saribas 1964 ~ 1979 16
244 Lupar 1964 - 1979 16
245 Sadong 1964 - 1979 16
246 - Sarawak 1970 - 1979 10
247 Kayan . 1970 - 1979 i 10

5~33



Table 2 STANDARD DIRECT COST FOR DAMS AND BARRAGES

(A) Dam
Assumptions
1) Dam type

2) Typical cross section

Direct cost

(B) Barrage/Weir

Roclkfill dam

Slope of upstream and downstream: 4

Foundation excavation: 10 - 30 m -
: depending on
height of dam

Crest width: 10 m

Free board : 3.0 m

Unit. cost VYolume of dam

 US$25/m3: between 0.5 and 2 million m

US$207m3: 2 million m3 or. larger
i 3

US$30/m3: 0.5 million m3 or less

(US$1.00 = M$2.22)

Direct unit cost includes those of dam,
spillway, diversion, intake and other
appurtnant structures.

The unit cost was based on the actual
construction cost of some dams in Nepal,
Jordan, Indonesia and Malaysia from 1978
to 1980. ‘

M$1,450/m per m3/s of 100-year maximum discharge capacity.



Table 3

Assumptions

1) Type

2) Typical cross section

3) Unit cost

Direct cost

Concrete lining

STANDARD DIRECT COST FOR TUNNELS

Pressure or free flow tunnel with concrete
lining

Circular type with lining thickness of
0.12 D (diameter)

Flow velocity was assumed at 2 m/sec.

Unit cost was expressed as construction cost
per meter length of tunnel for some selected
flow capacities. ’

The unlt. cost was estimated as a sum of
excavation and concrete lining cost.

US40 /m3
Us5100/m3

These costs were also based on the actual
construction cost of the dam projects
referred in dam cost estimate.

Excavation cost

1

Flow capacity Q (m3/s) 5 10 .20 . 30
Dia | D (m) ©1.78  2.52 3.57 4,37
Excavation per méter E (m3/m) 4.64 8.69 17;84. 26.71
Concrete per meter C‘(m3/m) 1,47 3.70 7.83 11.71
Cost:  Excavation  (US$/m)  185.6 - 347.6 713.6  1,068.4
Concrete - (US$/m) 147.0 370.0 .783.0 1,171.0

Total unit direct cost (US$/m) 332.6 ‘717.6  1,496.6  2,239.4
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Table & STANDARD DIRECT COST FOR OPEN . CANALS

Assumptions

1)  Type

2) Typical cross section

3) Unit cost

Direct cost

Flow capacity
Depth
. Allowance

Excavation

[ = B = R

Concrete

Cost: Excavation
. Concrete

Total unit direct cost

‘Open canal with side lining

Side slope :

Bottom

Allowance .

‘Flow velocity:

1: 2.5

3 h (h: design depth)
1.0 - 1.5 m

1.0 m/sec

Unit cost was expressed as construction cost

per meter length for some selected flow

capacity.

The unit cost was estimated as a sum of
excavation and lining cost.

Excavation : US$5/m3

Lining US$80/m3

(m3/s) 5 10 20 30
(m) 0.95 1.35 1.9 2.3
(m) 1.0 1.0 1.2 1.5
(m3/m) 15 23 42 62
(m3/m) 1.53 2.18 3.07 3.72
(Us$/my . 75 115 210 310
(US$/m)  122.4 134:4 ° 245.6 297.6
(USS$/m)  197.4 289.4 455.6  607.6
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(A)

(B)

()

Table 5

STANDARD DIRECT COST FOR PIPELINES

Pipeline with large diameter

Assumptions

1) Type

2) Cross section

3) Unit cost

Direct cost

Steel pipeline

Flow velocity: 2 m/sec
Thickness : minimum 8 mm

Unit cost was expressed as construction cost
per meter length for some selected flow
capacities.

Unit cost of materials per weight was estimated
at US$5,400/ton which included steel material,
erection and civil foundation cost.

Discharge Q (m3/sec) 1 2 3 5 10
Dia D (m) 0.80 1.13 1.38 1.78 2.52
Thickness T (mm) 8 10 10 10 12
Welight W (kg/m) 159 280 342 446 740
Cost per meter (US$/m) 859 1,512 1,847 2,408 3,996

Pipeline with small diameter

Direct cost

Discharge Q (m3
Velocity Vv (m/
Diameter D (m)

/sec) 0.1 0.3 0.5 0.7 0.9 1.0
sec) 1.0 1.0 1.0 1.0 1.0 1.0
' 0:36 0.62 0.80 0.94 1.07 1.12

Cost per meter (US$/m) 180 340 470 585 700 740

Sub-marine pipeline

Divect cost

Discharge Q (m3/sec) - 0.1 0.3 . 0.5 0.7
Velocity V {(m/sec) 1.0 1.0 1.0 1.0
Diameter D_(m) 0.36 0.62 0.80 0.94

Cost per meter_(US

s/my 650 920 1,060 1,130
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(4)

(8)

Table 6

STANDARD DIRECT_COST.FOR PUMP STATIONS

~ AND ACCESS AND RELOCATION ROADS

Pump station

Assumptions
1) Type
2} Unit cost

Horizontal double suction volute pump

‘Unit. cost was expressed as construction cost for

some selected combination of suction head and
dischavge. '

The pump cost includeéd pump, motor and hase
structures,

Civil cost was assumed 1007 of the pump cost.

THrect cost

o&M

Q (m3/min)
H (m)_

bischarge
Head
Motox capacity (kW)
(US$103)
(Us$103)
(US$103)

Pump cost
Civil cost .

Total ‘cost
cost

Energy: M$10/kWh

Maintenance including operators: 1% of the

50 50 50 100 100 100 200 200
20 - 40 90 20 40 90 20 40
230 © 550 1,250 480 980 2,200 1,100 1,850
75 110 190 165 215 470 340 595
75 110 190 165 215 470 _ 340 595
150 380 330 430 940 680 1,190

220

cost/year

Single lane access road and Relocation road

Assumptions

1)

Type

Direct cost

2)

Access road including pavement

Pavement only

Relocation road :

§-38

Single lane rural class

total comstruction

M$300,000/km

M$300,000 ~ M$800,000/km

: M$100,000/km



Table 7  BASIN DIVISION AND CATCHMENT AREA

Sabah - : : Sarawak _

_ ‘Catchment Effective Catchment Effective
No. Basin Area(km?) Area(kmz) No. Basin Area(km?) Afea(kmz)
201 Pensiangan 5,971 5,971 227 Lawas 1,080 977
202 Serudong 1,308 1,155 228 Trusan 2,768 2,598
203 Kalabakan 1,371 1,288 229 Limbang 3,920 3,865
204 Brantian 741 %78 230 Baram 22,325 21,822
205 Unas Umas 553 408 231 Miri 788 263
206 Merutai Besar 558 473 232 Sibuti 935 790
207 Tawau 888 683 233 Niah 1,345 1,117
208 Kalumpang 2,792 2,284 234 Buai 1,440 1,242
209 Silibukan 2,714 2,154 235 Similajau 1,268 935
210 Segama 5,558 4,787 236 Kemena 6,000 5,745
211 Kinabatangan 16,755 15,752 237 Tatau 5,150 4,790
212 Segaliud 2,335 1,632 238 Balingian 2,518 1,548
213 Labuk 6,829 5,969 - 239 Mukah 2,625 1,486 -
214 Sugut 3,094 2,826 240 Oya 2,005 1,277
215 Paitan 1,474 1,086 - 241 Rajang 51,053 46,035
216 Bengkoka - 1,866 1,463 242 Kerian 1,675 849
217 Bongan 2,126 1,823 - 243 ‘Saribas 1,900 799
218 Kadamaian 1,336 1,171 244 " Lupar 6,813 - 5,209_
219 Tuaran 1,247 1,139 245 Sadomg 3,645 2,935
220 Putatan 629 494 246 Satawak 3,358 2,152
221 Papar 805 785 247 Kayan 1,838 | 1,549
222 Kimanis - 607 547
223 Membakut 736 - 338
224 Padas 9,180 - 8,475
225 Labuan 86 46
226 Lakutan 1,291 1,173 7

_ ' _ " Total of :
Total of Sabah = 72,850 64,600 Sarawak _ 124,449 107,983



Table 8 MINIMUM RIVER MAINTENANCE FLOW IN EFFPECTIVE AREA

Effective Balance

Basin Catchment Point Q7% . - - Q9%

No. Area (km?) (lem) m3/s/100 km? m3/s w3/s/100 km? m3/s
201 5,971 0 1.27 75.9 1.16 69.0
2072 1,155 11 0.894 10.3 0.813 9.4
203 1,288 13 0.965 12.4 - 0.877 11.3
204 678 10 0.874 5.9 0.795 5.4
205 408 5 0.819 3.3 0.745 3.0
206 473 5 0.884 4,2 0.802 3.8
207 683 10 1.05 7.2 0.958 6.5
208 2,284 5 1.03 23.5 0.934 21.3
209 2,154 5 1.41 30.4 1.28 27.6
210 C 4,787 35 1.32 63.2 1.20 57.4
211 15,752 52 0.474 74.7 0.243 38.3
212 1,632 8 1.38 22.5 0.743 ~ 12.1
213 5,969 15 1.44 86.0 0.779 46.5
214 2,826 35 1.43 40 .4 0.775 21.9
215 © 1,086 10 "1.59 17.3 0.857 9.3
216 1,463 A 0.468 6.8 0.298 4.4
217 1,823 1 0.424 7.7 0.270 4.9
218 1,171 5 0.626 7.3 0.398 h.7
219 1,139 6 . 0.688 7.8 0.449 5.1

220 494 3 0.591 2.9 0.355 1.8
221 785 3 0.614 4.8 0.368 2.9
222 547 3 0.586 3.2 0.351 1.9
223 338 12 0.571 1.9 0.342 1.2
224 8,475 27 0.675 57.2 0.597 50.6
225 46 Ave.?2 0.673 0.3 0.403 0.2
226 1,173 5 0.517 6.1 0.311 3.6
227 977 5 0.800 7.8 0.480 4.7
228 2,598 15 0.550 14.3 0.330 8.6
229 3,865 6 1.84 71.1 1.46 56.4
230 21,822 63 1.78 388 1.41 308
231 263 20 0.676 1.8 0.451 1.2
232 790 15 0.574 4.5 0.383 3.0
233 1,117 12 0.548 6.1 0.365 4.1
234 1,242 31 . 0.683 8.5 0.455 5.7
235 935 3 0.849 7.9 0.566 5.3
236 5,745 21 1,08 62.0 0.723 41.5
237 4,790 . 19 1.08 51.7 0.721 34.5
238 1,548 46 1.05 . 16.3 0.698 10.8
239 1,486 - 40 1,08 16.0 0.721 10.7
240 1,277 25 0.846 10.8 0.564 : 7.2
241 46,035 15 3.06 1,409 2.79 1,284
242 849 26 1.10 ' 9.3 0.82 7.0
243 799 39 1.05 8.4 0.80 6.4
244 5,209 36 1.08 56.3 0.82 42.7
245 2,935 81 1.13 33.2 0.86 25.2
246 - 2,152 35 1,69 36.4 1.40 30.1
247 1,549 11 - 2.07 32.1 1.70 26.3

Remarks; Q97%, 99% = The daily discharge with the probability
of exceedance of 97% and 99% respectively
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NUMBERING OF STATES

State No. Name of State State No. Name of State
1 Perlis 7 Melaka
2 Kedah 8 Johor
3 Pulau Pinang 9 Pahang
4 Perak 10 Trengganu.
5 Selangor 11 Kelantan
6 Negetri Sembilan 12 Sabah
13 Sarawak
Table 10 NUMBERTNG OF PROSPECTIVE CITIES
Sabah Sarawak .
City/Town City No. City/Town City No.
Tawau c201 Limbang, c212
Semporna c202 Marudi C213
.Lahad Datu C203 Miri C214
Sandakan 204 Bintulu, 215
Ranau G205 Sibu . C216
Kudat C206 Sariked C217
Kota Belud c207 Serian ¢218
Kota Kinabalu €208 Kuching €219
Papar 209
Keningau €210
Labuan €211



NUMBERING OF DISTRICTS -

Table 11
Sabah _ Sarawak
District : District
No. Name Residency No. Name Divisicn
D201  Pensiangan Interior D224 TLawak ¥ifth
D202  Tawau  Tawau D225 Limbang Y
D203  Semporna " : D226  Baram Fourth
D204 Lahad Datu " D227  Miri "
D205 Kinabatangan Sandakan D228  Bintulu "
D206  Sandakan " D229  Mukah Third
D207  Labuk & Sugut " 0230  Oya Dalat "
D208 DPitas West Coast D231 Sibu ' "
D209  Kudat " D232  Kanowit "
D210  Kota Marudu " D233  Belaga Seventh
D211 Kota Belud " D234 .Kapit "
D212  Ranau " D235  Song "
D213  Tuaran " D236 Matu & Daro Sixth
D214  Kota Kinabalu " ‘D237  Binatang 2
D215  Penampang " D238 .Sarikei "
D216  Papar n 239 Julau "
D217 Tambunan Interior D246 Kalaka Second
D218 = Keningau " D241 Saribas "
D219  Kuala Penyu " D242  Lubok Antu "
D220  Beaufort " D243 Simanggang . "
D221  Tenom " D244  Simunjam Firét
D222  Sipitang " D245  Serian "
D223  Labuan Labuan D246, Kuching "
D247  Bau *
D248  Lundu "
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Table 12 MEAN ANNUAL RATNFALI, AND RUNOFF BY BASIN
IN SABAH AND SARAWAK '

_ Catchment Mean Annual Mean Annual Mean Annual Mean Annual

Basin Area Rainfall  Runoff Depth  Rainfall Runof f
No. (km?) (mm) (o) (106 w3y (106 m3)_
201 5,971 2,491 1,492 14,870 8,906
202 1,308 2,093 1,051 2,740 1,375
203 1,371 2,168 1,134 2,970 1,555
204 741 2,071 1,027 1,530 761
205 553 . 2,013 962 1,110 532
206 558 2,080 1,036 1,160 : 578
207 888 2,262 1,238 2,010 1,099
208 - 2,792 2,233 1,206 6,230 3,367
209 2,714 2,639 1,655 7,160 4,493
210 5,558 2,549 1,556 14,170 . 8,647
211 16,755 2,660 1,332 “44,570 22,324
212 2,335 3,161 2,275 7,380 5,313
213 6,829 3,272 2,388 22,340 16,306
214 3,094 3,255 2,371 10,070 7,335
215 1,474 - 3,506 2,625 5,170 3,869
216 1,866 - 2,700 1,268 5,040 2,366
217 2,126 2,582 . 1,151 5,490 o 2,446
218 1,336 3,130 1,695 4,180 2,265
219 1,247 3,023 1,952 3,770 . 2,434
220 629 3,126 1,831 1,970 1,152
221 805 3,190 1,897 2,570 1,527
222 607 3,106 1,812 1,890 . 1,100
223 736 3,064 1,769 2,260 1,302
224 9,180 2,110 1,027 19,370 9,432
225 . 86 3,376 2,093 _ 290 _ 180
226 1,291 2,900 1,602 3,740 2,068
227 1,080 - 3,762 2,479 4,060 2,677
228 2,768 £2,999 1,703 8,300 4,713
229- 3,920 - . 3,884 2,699 , 15,230 - 10,581
230 22,325 3,794 - 2,607 84,700 58,205
231 788 2,976 - 1,646 2,350 1,297
232 935 2,745 1,399 2,570 1,308
233 1,345 2,681 1,333 3,610 1,793
234 1,440 2,993 1,661 4,310 . 2,392
235 - 1,268 3,378 C 2,068 4,280 2,622
236 6,000 3,918 2,640 23,510 15,837
237 5,150 3,912 2,632 20,150 13,554
238 02,518 3,830 2,548 : 9,640 S 6,417 -
239 2,625 3,914 2,632 10,270 6,910
240 2,005 3,369 2,060 : 6,750 4,131
241 51,053 3,991 2,492 203,750 . 127,201
242 1,675 3,637 2,227 6,090 3,731
243 1,900 3,547 2,139 6,740 4,065
244 6,813 . 3,612 2,204 24,610 15,013
245 3,645 3,716 2,306 12,540 . 8,404
246 ' 3,358 4,193 2,730 © 14,080 . 9,167 .

247 1,838 4,793 3,334 8,810 6,128



HYDROLOGIC WATER: BALANCE AMONG RATNFALL,

Table 13 ,
EVAPOTRANSPIRATION, DEEP PERCOLATION AND
SURFACE RUNOFF BY BASIN
Unit: 109 m3/y
Basin Nama of Catchment#® Rain- Evapotrans— Deep Per- Surface
No. Basin Area (kml) fall piration colation®** Runoff
201  Pensiangan 5,971 14.87 © 5.44 0.52 8.91
202 Serudong 1,308 2.74 1.24 0.12 1.38
203 HKalaban 1,371 2.97 “1.26 Q.15 1.56
204 Brantian 741 1.53 0.68 0.09 0.76
205  Umas Umas 553 1.11 0.50 0.08 0.53
206 Merutal Besar 558 1.16 0.49 0.09 0.58
207 Tawau ' 888 Z.01 0.66 0.25 1.10
208 Kalumpang 2,792 6.23 2.38 0.48 337
209  Silibukan 2,714 7.16 1.86 0.81 4,49
210  Segama 5,558 14.17 4.32 1.20 8.65
211 Kinabatangan 16,755 b4, 57 19.62 2.63 22.32
212" Segaliud 2,335 7.38 1.75 0.32 5.31
213 Labuk 6,829 22.34 4.53 1.50 16.31
214 Sugut 3,094 10.07 2.19 0.54 7.34
215 Paitan 1,474 5.17 0.68 0.62 3.87
216 - Bengkoka 1,866 5.04 2.37 0.30 2.37
217  Bongan 2,126 5.49 2.59 0.45 2.45
218 Kadamajan 1,336 4.18 1.66 0.25 2.27
219 Tuaran 1,247 3.77 1.15 0.19 2,43
220  Putatan 629 1.97 0.63 0.19 1.15
221  Papar 805 2,57 ~ 0.93 0.11 1.53
222  Kimanis 607 1.89 0.64 0.15 1.10
223 Membakut 736 2.26 0.63 0,33 1.30
224 Padas 9,180 19.37 8.67 1.27 9.43
225  labuan 86 0.29 0.07 0.04 0.18
226 lLakutan 1,291 3.74 0.59 1.08 2.07
227. Lawas 1,080 - 4.06 1.18 0.20 2.68
228  Trusan 2,768 8.30 3.22 - 0.37 4,71
229  Limbang 3,920 15.23 3.82 ' 0.83 10.58
230 Baram 22,325 84.70 22.82 - 3.67 58.21
231 Miri 788 2.35 0.65 0.40 1.30
232 Sibuti 935 2.57 1.06 0.20 1.31
233  Niah 1,345 - 3.61 ©1.63 0.19 1.79
234  Buai 1,440 4,31 1.67 0.25 2.39
235 Similajau 1,268 4.28 1.40 - 0.26 2562
236  Kemena 6,000 23.51 6.84 0.83 15,84
237  Tatau 5,150 20.15 5,57 1.03 13.55
238  Balingian - 2,518 9.64 2,02 1.20 6.42
239 Mukah 2,625 10.27 2.13 1.23 6.91
240 Ova 2,005 6.75 - 1.90 0.72 4.13
241 Rajiang 51,053 203.75 65.56 10.99 127.20
242 Kerian 1,675 6.09 1.69 0.67 3.73
243  Saribas 1,900 6.74 1.76 0.91 4.07
244 Lupar 6,813 24.61 7.16 2,44 15.01
245  Sadong 3,645 12.54 2.64 1.50 8.40
246 Sarawak 3,358 - . 14.08 ©3.22 “1.69 9,17
247 Kayan 1,838 - 8.81 1.93 0.75 6.13

Remarks; % Total catchment area of effective and ineffective area
*% denotes groundwater recharge. :
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Table 14 RIVER UTILIZATION RATTO BY BASIN fN 1990 AND 2000
UNDER THE CONDITION OF TARGET ECONOMIC GROWTH

Surface 1990 L 2000
Rounoff in Source Demand : Source Demand
_ Effective (106 m3/y) Ratio (10% w3/y) Ratio

Basin -Name of Area (1) Irriga~ Total (2)/(1) Irriga~ Total (3)/(1)
No. Basin (106 m3/y) D&I  tlon  (2) (%) D&I  tion  (3) _ (#)*
201 Pensiangan 8,906 0.3 0 0.3 0 0.6 0 0.6 0
202 Serudong 1,214 0.7 o 0.7 0 1.1 0 1.1 0.1
203 Kalabakan 1,460 0.8 0 0.8 0 1.4 0 1.4 0
204 Brantian 696 0.4 0 0.4 0 0.8 0 0.8 0.1
205 Umas Umas 393 0.3 0 6.3 0. 0.6 0 0.6 0.1
206 Merutai Besar 490 0.3 0 0.3 0 - 0.7 0 0.7 0.1
207 Tawau 846 9.0 0 9.0 1.1 27.3 0 21.3 7 3.2
208 Kalumpang 2,754 3.9 0 3.9 0.1 8.3 0 8.3 0.3
209 Silibukan 3,566 4.2 0 4.2 0.1 15.1 0 15.1 0.4
210 Segama 7,447 1.0 0 1.0 0 1.7 0 1.7 - O
211 Kinabatangan 20,988 1.3 0 1.3 -0 " 2.4 0 2.h 0
212 Segaliud 3,714 16.7 0 16.7 0.4 53.1 0 53.1 1.4
213 Labuk 14,253 2.6 30 32.6 0.2 6.3 56 62.3- 0.4
214 Sugut 6,699 0.6 13 13.6 0.2 1.0 13 14.0 0.2
215 Paitan 2,850 © 0.3 0 0.3 0 0.4 0 . 0.4 0
216 Bengkoka 1,855 0.9 20 20.9 1.1 1.4 22 23.4 1.3
217 Bongan ' 2,097 4.0 76 80.0 3.8 11.6 76. 87.6 4,2
218 Kadamaian - 1,985 2.5 126 128.5 6.5 6.0 135 141.0 7.1
219 Tuaran 2,224 4.9 43 £7.9 2.2 5.3 43 -+ 48.3 2.2
220 Putatan 905 24.1 37 61.1 6.8 64.2 37 101.2 11.2
221 = Papar 1,489 3.4 45 48.4 3.3 7.7 45 52,7 3.5
222 Kimanis 991 0.4 31 3.4 3.2 0.6 31 31.6 3.2
223 Membakut 598 1.1 16 7.1 2.9 2.0 16 -18.0 3.0
224  Padas 8,708 6.1 117 123.1 1.4 13v4 150 163.4 i.9
225 Labuan - 96 12,4 0 12.4 12.9 23.8 0 23.8 24,8
226 Lakutan 1,879 0.9 15 15.9 0.8 1.7 15 16.7 0.9
227 - Lawas _ 2,422 0.5 5 5.5 0.2 0.8 5 5.8 0.2
228 ‘Trusan 4,424 Q.5 6 6.5 0.1 4.8 17 17.8 0.4
229 Limbang - 10,432 2.3 31 33.3 0.3 4.5 78 82.5 0.8
230 " Baram 56,893 3.5 28 31.5 0 9.2 78 97.2 0.2
231 Miri ' 433 14.1 2 l6.1 3.7 52.1 2 54,1 12.5
232 Sibuti 1,105 0.6 11 11.6 1.0 0.9 11 11.9 1.1
233 Niah. 1,489 0.8 0 0.8 0 1.5 0 1.5 0.1
234 Buai - 2,063 0.9 -0 0.9 0 1.5 0 1.5 0
235 Similajau 1,934 0.3 0 0.3 O 0.4 0 0.4 0
236 Kemena 15,167 16.9 14 36.9 0.2 27.2 38 65.2 0.4
237 Tatau - 12,607 0.6 3 3.6 0 1.1 3 0 4. 0
238 Balingian 3,944 0.6 0 0.6 0 .1.0 4 5.0 0:1
239  Mukah 3,911 1.6 6 7.6 0.2 2.6 6 8.6 0.2
240° Oya 2,631 0.8 "4 4.8 0.2 1.4 7 8.4 0.3
241  Rajang 114,699 29,1 . 13 42,1 70 64.6 52 116.6 0.1
242 Kerian 1,801 1.6 . 0 1.6 0 3.0 0 3.0 0.2
243 Saribas 1,709 1.5 2 3.5 0.2 2.8 2 4.8 0.3
244 Lupar 11,481 4.6 20 2606 0.2 7.0 85 92.0 0.8
245  Sadong 6,768 4.2 16 20,2 0.3 8.3 37 45.3 0.7
246  Sarawak. 5,875 37.4 29  66.4 1.1 80.1 45 125.1 2.1
247 Kayan 5,164 1.3 7.3 0.1 1.9 12 13.9 0.3

Remarks; *: The ratlo of less than 0.1% is assumed to be zero.
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Table 15 RIVER UTILIZATION RATTIO BY BASIN IN 1990 AND 2000
" UNDER THE CONDITION OF LOWER ECONOMIC GROWTH

Remarks; *: The ratioc of less than 0.1% is assumed to be zero.
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Surface - 1990 _ 2000
Rounoff in Sonree Demand o Source Demand
. Effective (105 m3/y) Ratio. (106 m3/y) Ratio
Basin Name of Area (1) ¢« Irriga- Total (2)/(1) - Irriga—- Total (3}/(1)
No. ~ Basin (109 w3/y) D&I wvion  (2) (%) D&I__ tion . (3) (D)%
201 Pensiangan 8,906 0.3 0 0.3 . 0 0.6 0 0.6 0
202  Serudong 1,214 0.6 0 0.6 0 1.1 0 1.1 0.1
203 Kalabakan 1,460 0.7 0 0.7 0 1.5 0 1.5 0.1
204 Brantian 696 0.3 0 0.3 0 0.8 0 -.0.8 0.1
205 Umas Umas 393 0.3 0 0.3 0.1 0.6 0 0.6 0.2
206 Merutai Besar 490 0.3 0 0.3 0.1 0.7 0 0.7 0.1
207 Tawau ‘846 8.2 -0 8.2 1.0 16.2 0o 16.2 1.9
208 RKalumpang 2,754 3.7 -0 3.7 0.1 7.6 0 7.6 0.3
209 Silibukan 3,566 3.7 0 3.7 0.1 8.9 0 8.9 0.2
210 Segama 71,447 0.9 0 0.9 0o - 1.6 0 1.6 - 0
21t Kinabatangan 20,988 1.2 0 1.2 0 2.3 o . 2.3 0
212 Segaliud 3,714 14.9 ] 14.9 0.4 28.7 0 28.7 0.8
213 Labuk 14,253 2,2 30 32.2 0.2 4.3 56 60.3 0.4
214 Sugut 6,699 - 0.6 13 13.6 0.2 0.8 13 13.8 0.2
215 Paitan 2,850 0.2 0 0.2 0] 0.2 0 0.2 0
216 Bengkoka 1,855 0.8 20 ©20.8 1.1 1.2 22 23.2- 1.3
~ 217 Bongan 2,097 3.6 76 79.6 3.8 7.5 76 81.5 3.9
218 Kadamaian 1,985 . 2.1 126 128.1 6.5 3.9 135 138.9 7.0
219 Tuaran 2,224 AL 43 47.1 2.1 4.6 43 47.6 2.1
220 Putatan . 905 22.8 37 59.8 6.6 44.8 37 81.8 9.0
221 Papar 1,489 3.1 45 48.1 3.2 .5.5 45 50.5 3.4
222  Kimanis 991 0.4 31 31.4 3.2 0.6 31 31.6 3.2
223 Membakut .598 1.1 16 17.1 2.9 1.9 1l 17.9 3.0
224  Padas 8,708 5.6 117 122.6 1.4 11.1 150 161.1 "1.9
225 Labuan 96 11,5 0 1.5 12.0 19.6 0 19.6 20.4
226 Lakutan 1,879 0.8 15 15.8 0.8 1.6 15 16.6 0.9
227 Lawas 2,422 0.6 5 5.6 0 - 0.6 5 5.6 0
228 Trusan 4,424 0.5 .6 6.5 0.1 0.8 17 i7.8 0.4
229 Limbang 10,432 2.0 31 33.0 0.3 3.7 . 78 81.7 0.8
230 Baram 56,893 3.3 28 3.3 0.1 6.3 78  84.3 0.1
231 Miri 433 12.5 2 14.5 3.3 26.6 2 28.6 6.6
232 Sibuti 1,105 0.6 11 11.6 1.0 1.1 11 12.1 1.1
233 _Niah 1,489 0.9 0 0.9 0.1 1.6 0 1.6 0.1
234  Buai 2,063 0.8 0 0.8 0 - 1.7 0 1.7 0.1
235 Similajau 1,934 0.3 Q 0.3 0 0.4 0 0.4 0
236 Kemena 15,167 12.3 14 26.3 0.2 19.7 38 57.7. 0.4
237 Tatau . 12,607 0.6 3 3.6 0 1.1 3 4.1 0
238 Balingian 3,944 0.6 0 0.6 0 1.0 L. 5.0 0.1
239 Mukah 3,911 1.4 6 7.4 0.2 2.7 6 8.7 0.2
240" Oya - 2,631 0.8 4 4.8 0.2 1.3 7 8.3 0.3
241 "Rajang 114,699 27.5 13 40.5 0. 50.8 52 102.8 0.1
242 Kerian 1,851 1.5 o P TN ¢ O § 2.4 3] 2.4 0.1
243 . Saribas 1,709~ 1.4 2 S 3.4 70,2 2.3 2 403 0.3
244 . Lupar 11,481 4.5 20 24.5 0.2 5.7 85 '90.7 0.8
245 Sadong 6,768 3.7 16 15.7 0.3 7.1 37 44,1 0.7
246 Sarawak 5,875 34.8 29 63.8 1.1 61.0 45 106.0 0.8
247 Kayan 5,164 1.2 6 7.2 0.1 1.8 12 13.8 - 0.3



Table 16 RIVER UTILIZATION RATIOiIN SPECIFIED AREA
o TN. 1990 AND. 2000 UNDER THE CONDITION OF
TARGET ECONOMIC GROWTH

Effective 1990 - 2000

C Catchment Surface . Source Demand Source Demand
Name of Town or Area of  Runoff (106 m3/y) - Ratio (105 m3fy) Ratio
Basin ~ Trrigatiom Scheme Sub-~basain 1y Irriga- Total (2)/{1) . Irriga- Total (3)/(1)
No. of Sub-bagin (km?) (106 w3/y) DEI tion () (£} D&l -tiom (3} (%)
207 €201 Tawau 83 103 8.0 © 8.0 7.8 25.8 -0  25.8 25.0
208 202 Semporna 66 80 0.8 0 0.8 1.0 2.6 0 . 2.6 3.3
209 €203 Lahad Datu 110 162 3.5 0 3.5 2,2 1.1 0 141 8.7
212 €204 Sandakan 36 82 14.8 0  14.8 18.0 50.1 O  50.1 6l.1
213 €205 Ranau 144 %4 0.8 9 9.8 2.8 3.6 9 126 3.7
216 Bengkoka Irrigation 751 952 9.3 20 20.3 2.1 6.7 22 227 2.4
217 €206 Kudat 70 80 2.2 0 2.2 2.6 8.1 0 8.1 10.1
217 Minor Irrigation 1,050 1,209 2.0 52 54.0 4.5 3.3 52 55.3 4.6
218 €207 Kota Bélud & Irrigat. B13 1,378 0.9 126 126.9 9.2 3.7 135 138.7 10.1
219 Minor Irrigation 750 1,464 1.3 43 443 300 2.0 43 45.0 3.1
220 €208 Kota Kinabalu 195 357 23.1 37 60,1 16.8 62,3 37 99,3 27.8
221 €209 Papar 770 1,461 2.2 45 47.2 3.2 5.9 45 50.9 . 3.5
224 €210 Keningou & Minor Irr. 1,935 1,825/ 1.0 110 111.0 6.1 3.6 147 150.6 8.3
224 Tambuan & Minor Irr. . 570 5382 0.7 23 23.7 4.4 1.5 45 46.5 8.6
225 €211 Labuan 4etd 9 12.4 © 12,4 12.9 23.8 0  23.8 24.8
229 (212 Limbang : 3,865Ll 10,6432 1.8 31  32.8 0.3 3.8 78 81.8 0.8
230 €213 Marudi 21,8222% 56,893 1.5 28 29.5 0.1 5.7 78  83.7 0.1
231 €214 Mird 150 247 13.4 0 13.4 5.4 Sl.A D S1.4 20,8
236 €215 Bintulu 147 30423 6.1 0 161 5.3 259 0 25.9 8.5
241 €216 $1bi £0,03541 114,699 17.1 13 30.1 0 42.6 52 94.6 - 0.1
261 €217 Sarikel 9% 20008 3.3 0 33 L6 9.0 0 9.0 4.3
245 €218 Serian . 2,935/ 6,768 0.5 16 16.5 0.8 2.2 37  39.2 0.6
246 €219 Kuching ' 735 2,006 31.3 0 31.3 1.6 63.8 O  69.8 3.5
246 Major Irrigation 353 964 0 21 21,0 2.3 0 21 2.0 2.3
Remarks; f1: Basin effective area,
J2: ustimated using discharge record of Tenom Lama,
/3: Discharge in the 5ibiu river estimated using discharge record of
‘Basin 235,
/4: Estimated using discharge record of Basin 242,
D&1: Domestic and Industrial Water Supply.
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Table 17 - RIVER UTILIZATION RATIO IN SPECIFIED AREA
IN 1990 AND 2000 UNDER: THE CONDITION OF
LOWER ECONOMIC GROWTH

Effective 1990 : 2000

. . . Catchment Surface Source Demand B Source .Demand .
Name of Town or Area of Runoff . (106 mklgl_ Ratio (100 md/y)y . Ratdo
Basin  Trrigation Scheme Sub-basin 4é1)3 Trrviga- Total (2)/(1) 1r$iga4 Tetal - (3}/(1)
No. of Sub-hasin (kmd) (105 w’fy) DEL tiom  (2) (Z) D&Y _tion (3) (%)
207 €201 Tawau 83 103 7.2 0 7.2 7.0 14.6 0 14 6 14.2
208 €202 Semporna 66 80 0.7 0 0.7 0.9 1.5 0 1.5 1.9
209 €203 Lahad Datu 110 162 3.1 0 3.1 1.9 7.8 0 7.8 4.8
212 €204 $andakan 36 82 13.3 0 13.3 16.2 26,1 0 26.1 31.8
213 €205 Ranau 144 34 0,8 9 9.8 2.8 2.0 - 9 11.0 3.2
206 - Rengkoka Ireigation 751 952 0.3 20 20.3 2.1 0.6 22 22.6 2.4
217 G206 Kudat 70 80 1.9 0 1.9 2.4 4.4 O 4.4 5.5
217 Minor Irrigation 1,050 1,209 2.2 52 54,2 4.5 2.7 52 547 4.5
218 207 Kota Belud & Irrigat. 813 1,378 0.9 126 126.9 9.2 2.0 135 137.0 . 9.9
219 Minor Irrigation 750 1,466 1.3 .43 443 3.0 1.8 43 44.8 3.1
220 €208 Kota Kinabalu 195 357 21,8 37 58.8 16.5 43.0 37 80.0 22.4
221 €209 Paper _ 770 1,461 2.1 45 47.1 3.2 3.7 45 487 3.3
224 €210 Keningou & Minor Irr. 1,935 1, 825!2 1.0 110 111.0 6.1 2.3 147 149.3 ‘8{2
226 Tabuan & Minor Ire. 570 sie/2 0.7 23 23.7 4.4 1.5 45 G6.5 8.6
225 €211 Labuan stk 96 11.2 © 11.2 11.7 19.1 0 19.1 19.9
229 €212 Limbang a5l 104 1.6 32,6 0.3 2.9 78 80.9 0.8
230 €213 Marudi 21,822/1 56,893 1.4 28 20.4 0.1 2.8 78 80.8 - 0.1
231 G214 Mirl _ 150 247 12,0 -0 12.0 4.9 25.7 0. 257 10.4
236 215 Bintulu 147 30422 11,6 14 25.6 8.4 18.5 38 56.5 18:6
241 216 Sibu 40,0358 114,699 16,2 13 29.2 0 32.7 52 847 0.1
241 G217 Sarikei 94 2095 3.0 0 3.0 1.4 64 0 6.4 3.1
245 €218 Serian 2 935/1 6,768 0.4 16 16.4 0.2 1.5 37 38.5 0.6
246 €219 Kuching 135 2,006 29.1 0 29.1 1.5 S0.6 @ 50.6 2.5
246 Major Irrigation 353 . 964 0 21 21.0 2.3 0 21 21.0 2,3
Remarks; /J1:; Basin effective area _
£2: Estimate& using diSchargevracord of Téﬁom Lama
/3:

Discharge in the Sibiu river estimated using discharge record of
Basin 235 .

Estimated_using discharge record of Basin 242

-~
i~

D&I: Domestic and Industrial Water Supply
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Table 18 ANNUAL DEFICIT BY SUB-BASIN-IN 1990 AND 2000
' UNDER THE CONDITION OF TARGET ECONOMIC GROWTH

Unit: 106 n3/y

. . Drought ILevel '
Basin Name. of .~ = - 1/N 2/N - 3/N - 4/N 5/N

No. Sub-Basin Deficit Year Deficit Year Dificit Yeay Dificit Year Peficit Year
207 _Taﬁau 7.8 1973 1.5 1969 1.4 1968 0.8 1971 0.6 1977
218 Kadamaian 51.1 1973 31.4 1969 7.6 1966 3.8 1970 3.7 1975
219  Tuaran 9.9 1969 2.3 1975 1.8 1973 1.4 1967 1.3 1968
220 Moyog 14.0 1973 8.7 1969 6.8 1966 4.8 1968 4.0 1965
221 *Papar 12.1 1973 1.8 1969 - 1.4 1976 0.6 1968 0.5 1965
231 Miri 3.3 1976 2.4 1977 1.9 1973 0.8 1974 0.4 1972

2000 : _ .
207 Tawau 15.3 1973 7.9 1969 5.6 1972 5.5 1971 5:1 1968
218 Kadamaian 54.5 1973 34,6 1969 8.9 1966 4.9 1975 4.8 1970
219 Tuaran 10.0 1969 2.3 1975 1.8 "1973 1.4 1967 1.3 1968
220 Moyog 23.7 1973 16.7 1969 12.4 1968 11.2 1965 10.6 1966
221 *Papar 12.4 1973 1.9 1969 1.4 1976 0.7 1968 . 0.5 1965
231 Miri 13.2 1976 9.8 1977 8.2 1973 7.5 1974 4.9 1975

Remarks; *: be subject to interbasin water transfer
Table 19 ANNUAL DEFICIT BY SUB-BASIN IN 1990 AND 2000 .

UNDER THE CONDITION OF LOWER ECONOMIC GROWTH
Unit: 106 m3/¥

: . . Drought Level . L
Basin Name of 1/N 2/N 3/N 41N ' "5/N

No. Sub-Basin Deficit Year Deficit Year Deficit Year Deficit Year Deficit Year

1990 _ S

207 Tawau . 7.5 1973 1.3 1969 1.3, 1968  0.6.-1971 0.6 1977
218 Kadamaian  51.1 1973 31.4 1969 7.6 1966 3.7 1970 3.7 1975
219 Tuaran 12.3 1969 3.5 1973 2.9 1975 2.4 1967 2.1 1968
220 Moyog 13,5 1973 8.4 1969 6.6 1966 4.5 1968 3.8 1965
221 *Papar 12.9 1973 1.8 1969 1.3 1976 0.6 1968 0.5 1965
231 Miri 3.1 1976 2.2 1977 1.8 1973 0.8 1974 0.3 1972
2000 _ _ _

207 Tawau 10.5 1973 3.5 1969 2.4 1968, 2.1 1971 1.6 1972
218 Kadamaian  53.6 1973 33.8 1969 8.6 1966 ~ 4.7 1975  4.5- 1970
219 " Tuaran 13.0 1969 © 4.1 1973 3.1 1975 2.7 1967 2.3 1968
220 Moyog 0 17.7 1973 11.7 1969 8.2 1966 7.0 1968 6.3 1965
221 *Papar 12.1 1973 1.9 1969 1.4 1976 0.7 1968 0.5 1965
231 Miri 5.6 1976 - 4.3 1977 3.3 1973 2.5 1974 1.2 1972

Remarks; *: be subject to interbasin water transfer



Table 20

LIST OF EXISTING AND PLANNED DAMS TN SABAH

. _ Active
Purpose/ Catchment Storage Net Supply
_ Basin No./  Year of Organi- Area  Capacity -Capacity
Name River Commisslon =zation (kw?) (100 wm3) (103 m3/d)
EXISTING
Kudat rain 217, WS PUD - 2.73  4.55 (1MGD)
storage Bongan
reservolr
UNDER CONSTRUCTION _
Timbangan dam 208, Ws/end 1983 PWD 27.7 0.82 9.12 (2MGD)
Kalumpang
Sepagaya dam 209, WS/mid 1984 PWD 23.2 1.91  9.12
Silibukan _
Tenom weir 224, Padas HY: SER 7,815 4.7 Run-of-
66MW/ 1984 river
UNDER DETAILED DESIGN _
Bukit Kuda dam 225, Labuan WS PWD . 3.64
Kerupang dam 225, Labuan Ws P .5 0.28  12.29(2.7McD)
. by 3 dams
Pagar dam 225, Labuan WS PWD 0.8 0.36
UNDER PLANNING
Balat dam 211, FM, HY: (DID) 10,730 5,000 -
Kinabatangan 34Mu ' :
Meliau dam 213, Labuk WS PWD 58 i8 -
Sook dam 224, Padas HY: 35MW SEB 1,770 400 -
Papar dam 221, Papar  HY: 45MW SEB 350 - -
Remarks; WS: Domestic and industrial water sﬁpply

M
HY :

Flood wmitigation
Hydropower
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Table 21 -~ LIST OF EXISTING AND PLANNED DAMS IN SARAWAK

Active ‘ .
Purpose/ Catchment Storage Net Supply
Basin No./ Year of Organi- Area Capacity Capacity
__Name River Commission zatlon (km?) (106 m3) (103 w3/4)
EXTSTING : . |
Two dams under 246, Sarawak ws Ruching 2.0 0.41 2.12
Matang scheme Water {gross) {ZMGD)
- Baord
UNDER CONSTRUCTION
Batang Ai dam 244, Lupar HY: 92MW/  SESCO 1,200 750 Cuaranteed
. 1985 outflow
: ' 94 m3/s
Sika 236, Kemena WS/1983 ° PWD - 1.55 38.6 (8.5
reservoir {gorss) MGD) at
lst stage

UNDER PLANNING

Pelagus dam
(Raja 284)

Bakun dam
(Balu 037)

Remarks:

241, Rajang HY: 770MW/ SESCO 20,919 1,200 -

1990
241, - HY: SESCO 14,764 16,200 -
Rajang - 2,580Mu/ : :

(Balui) 1994

WS: Domestic and industrial water supply
HY: Hydropower
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Table 22 WATER SOURCE DEVELOPMENT PLANS FOR SABAH
AND SARAWAK FOR ALTERNATTVE Bi

(1) DAM
_ 'AQtive Net ' - Congtruc—
: . Catchment Storage . Supply tion Construc~
Basin Name of Area Capacity Capacity Cost tion
No. Facilities Purpose  (km?)  (106m3) (106w3/y) (M$106) Period
207 Tawau dam WS 38 72 89 1987-1991
213 Meliau dam WS 58 17 48 156 1986-1990
217 Milau dam WS 70 5 12 8  1987-1991
218 Wariu dam IR,WS 123 25 65 269 1985~1989
221 Papar dam IR,HS 353 25 58 71 1985-1989
231 Miri dam WS 33 5 20 15 1985-1989

(2) DIVERSION FACILITIES Diversion Construc—

: " Discharge tion.  Construc-
Basin Diversion Basin Transfer Capacity Cost . tion
No. Faciliries Purpose (Basin No.) (w3/s) (M$100) Period
SABAR
213 Meliau diversion WS 213 to 212
(Sandakan} B
- Pipeline-1 Ws 0.3 133 - 1983-1987
~ Pipeline-2 ws 0.6 223 1986-1990
~ Pipeline-3 WS 0.6 223 1991-1995
217 Milau diversion WS 217 to 217 0.4 15 1983-1987
(Kudat) _
221 Paper diversion WS 221 to 220 2 41 1985-1989
' (Kota Kinabalu) :
224 Padas diversion WS 224 to 225
: (Labuan)
~ Pipeline~-i WS 0.3 153 1983-1987
- Pipeline-2 Ws 0.3 153

Remarks; 1IR: Irrigation, WS : Water suppiy
Construction cost is the financial cost at 1980
constant price,



Table 23 WATER SOURCE DRVELOPMENT PLANS FOR SABAH
AND SARAWAK FOR ALTERNATIVE B2

(1) DAM
o Active - Net Construc—
. _ Catechment '~ Storage. -Supply tion Construc—

Basin Name of Area Capacity Capacity  Cost tion
_No.  Facilities Purpose (km?)  (105m3) (106m3/y) (M$106) period
SABAU

207 Tawau dam WS 38 4 12 57 1987-1991
213 Meliau dam WS 58 17 48 150 1986-1990
217 Milau dam Ws 70 5 12 8  1987-1991
218 Wariu dam IR, WS 123 i7 42 179 1985-1989
221 Papar dam IR, WS 353 15 35 67  1985-1989
SARAWAK

231 Miri dam Ws 33 4 15° 13 1985-1989

(2) DIVERSION FACILITIES . .
Diversion Construc-—

_ . Discharge  tion Constyrue-
Basin . Diversion . Basin Transfer Capacity Cost tion
No. Facilities . Purpose (Basin No.) (m3/s) (M8106)  Period
SABAH
213 Meliau diversion we 213 to 212
' (Sandakan)
- Pipeline-1 WS 0.3 133 1983-1987
~ Pipeline-2 WS © 0.6 223 1986-1990
-~ Pipeline-3 WS 0.6 223 1991-1995
217 Milau diversion WS 217 to 217 0.4 15  1983-1987
(Kudat) '
221 ‘Papar diversion WS 221 to 220 2 : 41 1985-1989
{Kota Kinabalu)
224 Padas diversion . WS 224 to 225
_ ' “{Labuan) : .
— Pipeline-} WS 0.3 153, 1983-1987
- Pipeline-2 WS 0.3 153 1988-1992

Remarks; IR i Irrigation, WS : Water supply
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Table 24 - WATER SOURCE DEVELOPMENT PLANS FOR SABAH
" AND SARAWAK FOR ALTERNATIVE B3 -

(1) DAM
. Active Net - Construc-
_ Catchment Storage. Supply tion  Comstruc-

Basin Name of Area  Capacity Capacity Cost tion
No. Facilitles Purpose - (km?)  (106m3) (106m3/y) (M$106) Period
SABAH

213 Meliau dam WS 58 17 48 150 '1986~1990
217 Milad dam WS 70 5 12 8  1987-199]
218 Wariu dam IR, WS 123 8 10 64 1985-1989
221 TPapar dam IR, WS 353 15 35 67 1985-1989
SARAWAK .

231 Miri dam WS 33 3 13 12 1985-1989

2 DIVERSION FACIL i .
(2) $ N . ITIES biversion Construc~

Discharge tion Construc-
Basin Diversion - Basin Transfer Capacity Cost tion
No. Facillties Purpese (Basin No.) (m3/s) (M3106) ~ Period
SABAH
206 Melotai Kanan diversion WS 206 to 207 - 0.3 29 1987-~1991
(pipeline) (Tawau)
213 - Meliau diversion : WS 213 to 212
_ ‘ 7 {Sandakan)
- Pipeline-1 WS 0.3 133 - 1983-1987
“~ Pipeline-2 WS 0.6 223 1986-1990
. = Pipeline~3 WS 0.6 223 19911995
217 Milau diversion Ws 217 to 217 0.4 15 1983-1987
' (Kudat)
221 Papar diversion WS 221 to 220 2z 41 1985-1989
' (Kota Kinabalu)
224 Padas diversion WS 224 to 225
. ' (Labuan) . '
- Pipeline-1 WS 0.3 153 1983-1987
~ Pipeline-2 WS 0.3 153 1988-1992

Remarks; IR ¢ Irrigation; WS * Water supply



Table 25 DROUGHT LEVEL-ANDZCORRESPONDING
RECURRENCE INTERVAL

Unit: Year
Plotting-position Formula for Recurrence
Simulation Drought ) Interval (T}

Period Level Hazen Weibull (or Tomas) Gringorten

(N Year) (m/N) . 2N/ (2m~1) (N + 1)/m (M+0.12)/ (m~0.44)

N = 10 1/10 20.0 11.0 18.1
2/10 6.7 5.5 6.5
3/10 4.0 3.7 4.0
4/10 2.9 2.8 2.8

N =13  1/13 26.0 14.0 23.4
2/13 8.7 7.0 8.4
3/13 5.2 4,7 5.1
4713 3.7 3.5 3.7

N = 14 1/14 28.0 15.0 25.2
2/14 9.3 7.5 9.1
3/14 5.6 5.0 5.5
4/14 4.0 3.8 4.0

N = 1lé 1/16 32.0 17.0 28.8
2/16 10.7 8.5 10.3
3/16 6.4 5.7 6.3
4/16 4.6 4.2 4.5
5/16 3.6 3.4 3.5

Remarks; N = Total number of items (record period};.
- m = Order number of items arranged in descending
magnitude, thus m = 1 for the largest item;
Probability P(X=x) = 1/T

Source; Ref. 1
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Table 26 RECOMMENDED WATER DEMAND AND ' SUPPLY
BALANCE PROGRAM FOR TAWAU

Unit: 106 m3/y
Net Supply Capacity/

Storage/Diversion Location of Year of Required Supply Capacity
Facilities - Facilities - Commission 1990 2000
Tawau Dam Tawau river 1992 - 7 20.9
. Required Supply : - 16.8
Balance ' - +4.1

Remarks; The required supply capacity is 1.1 times of estimated
water deficit under 1/10 drought. No structural .
measures required until 1992.

Table 27 RECOMMENDED WATER DEMAND AND SUPPLY -
BALANCE PROGRAM FOR SANDAKAN

Unif: 100 m3/y
Net Supply Capacity/

Storage/Diversion Ilocation of Year of  Required Supply Capacity

Facilities Facilities Commission 1990 2000
Existinp Supply 8.0 8.0
Meliau Dam - Meliau river

Meliau Diversion _ -
Pipeline-1 ' 1988 8.3

Pipeline-2 1991 23:3
Pipeline-3 . ' 1996 20.0
Total Supply : _ 16.3 " 56.3
Required Supply ' - 16.3 55.1
Balénce 0 +0.9

Remarks; The required supply capacity is 1.1 times of estimated
water demand. ' '

5-56



Table 28 RECOMMENDED.WATER-DEMAND AND SUPPLY
BALANCE PROGRAM FOR KUDAT
unit: 100 m3/y
_ Net Supply Capacity/
Storage/Diversion Location of Year of Required Supply Capacity
Facilities Facilities Commission 1990 2000
Milau Diversion Milau river 1985 3.8 -
(Pipeline) :
Nilau Dam Milau river 1992 - 12.3
Existing Supply (1.6) (1.6)

(Rain storage: 1 MGD)

Total Supply 5.4 13.9
Required Supply 2.4 8.9
Balance

+3.0 +17.4

Remarks; The required supply capacity is 1.1 times of estimated-
water demand.

RECOMMENDED WATER DEMAND AND SUPPLY BALANCE

Table 29
PROGRAM FOR IRRIGATIQN MINOR SCHEMES 1IN
BASIN 218
Unit: 106 m3/y
_ _ Net Supply Capacity/
Storage/Diversion Location of Year of ° Required Supply: Capacity
Facilities Facilities Commission 1990 2000
Wariu Dam Wariu river 19%0 10.3 10.3
Required Supply 9.1 10.3
Balance +1.2 0

Remarks; The required supply capaéity is 1.2 times of estimated
' water deficit under 3/13 drought.
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Table 30  RECOMMENDED WATHR DEMAND AND SUPPLY BALANCE PROGRAM
FOR KOTA KINABALU, TUARAN AND PAPAR AREA

- Uadt: 106-m3/y
Net Supply Capacity/

Storage/Diversion Location of Year of ~ Reguired Supply Capacity'
Facilities " Facilities =~ Commission - 1990 - 2000

Existing Supply and Diversion
from the Tuaran river to o : :
Kota Kinabalu : U/C: "1984-85 17.0 17.0

Water Diversion from the Papar
river to Kota Kinabalu

and Papar -dam o 1990 35.0 35.0
Total Supply o ' 52.0 52.0
Required Supply e 30.0 52.0

Balance . +22.0 0

Remarks; The required shpﬁly'cépacicy of Basin 221 is 1.2 times
of estimated water deficit under 3/13 drought and
.1 times of demand of Kota Kinabalu.

Table 31 RECOMMENDED WATER DEMAND AND. SUPPLY
BALANCE PROGRAM FOR LABUAN .
Unit: 100 m3/y
Net Supply Capacity

Storage/Diversion - Location of =  Year of Required Supply Capacity
Facilities Facilities Commi ssion - - 1990 2000
Existing Supply (Groundwater) 1.8
3 Dams under © D/D 1985 4.5 4.5

Padas Diversion . from Beanfort

! L to Labuan _ o
Submarine stage 1 _ 1588 - 10.0 10.0
“Pipeline stage 2 ~ 1993 L 10.0
Total Supply - SR - C16.3 0 263
Required Supply . ' 13,6 26.2
Balance ' ’ ' 2.7 - +0.1

Remarks; The requiréd supply capacity is 1.1 times of estimated
water demand.
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Table 32 RECOMMENDED WATER DEMAND AND SUPPLY
BALANCE ' PROGRAM FOR MIRI

Unit: 10° m3/y
Net Supply Capacity/

Storage/Diversion’ - Location of Year of Requitred Supply Capacity
"Facilitiés' B Facilities Commission 1990 2000 -
Liku Dam -  Liku river 1990 _ 20.0 20.0
Required Supply : 3.6 14.5
Balance +16.4 +5.5

Remarks; The required sdpply capacity is 1.1 times of estimated
water deficit under 1/13 drought.
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Table 33

RECOMMENDED WATER SOURCF DEVELOPMENT PLANS
FOR SABAH AND SARAWAK

*

hydropower development. .
Construction cost is the financial cost at 1980
constant price.

: Cost for hydropower generation is borne by the

(1) DaM _
Catch~ Active Reservoly  Net Construc~
_ ment  Storage Surface Supply  tion - Construc-
Basin Name of Area Capacity Afea Capacity Cost - -tion
No. Facilities Purpose (km2) ~(100m3) (km?) (106m3/y) (M$106) Period
SABAH
207 Tawau dam Ws 38 7 0.5 21 89 198741991
213 Meliau dam Ws 58 17 0.9 48 150 1986-1990
217 Milau dam Ws 70 6 12 8 1987-1991
218 Wardu dam =~ IR, WS 123 8 0.3 10 64 1985-1989
220 Papar dam HR,IR,WS 353 15 3 35 67% 1985~1989
SARAWAK
231 Miri dam WS 33 5 3 20 15 1985-1989
(2) DIVERSION FACILITIES Diversion Comstruce
_ Discharge  tion Construc—
Basin  Diversion Basin Transfer Capacity ‘Cost tion
No. Facilites Purpose  (Basim No.)  (md/s) (M$106)  Period
SABAR
213 Meliau diversion Ws 213 to 212
{Sandakan) .
~ Pipeline~1 WS 0.3 133 1983-1987
- Pipeline-2 WS 0.6 223 1986=1990
- Pipeline-3 WS 0.6 - 223 -1991-1995
217 Milau diversion WS 217 to 217 0.4 15 1983-1987
' (Kudat) '
221 Papar diversion WS 221 to 220 2 41 1985~1989
: (Kota Kinabalu)
224 Padas diversion WS - 224 to 225
{Labuan)
~ Pipeline-1 WS 0.3 153 1983-1987
~ Pipeline-2 WS 0.3 153 1988-1992
Remarks; TR : Irrigation, WS ! Watery Sﬁpply, HY:E Hydropower



Table 34

(1) DAM

'RECOMMENDED WATER SOURCE DEVELOPMENT PLANS

FOR SABAH AND SARAWAK UNDER THE CONDITION
OF LOWER ECONOMIC GROWTH

ACtiyé Net Construc— .

Catchment Storape Supply  tion  Comstruc-
Rasin =~ Name of - Area Capacity Cagacity Cost tion
No.  TFacilities Purpose (km?)  (10%m3) (10%m3/y) (M$106) Period
SABAHL _ |
207 Tawau dam WS 38 3.7 13.2 59  1987-1991
213 Meliau dam WS 58 7 28 87 1988-1992
218 Wariu dam IR, WS 123 = 8 10 64  1985-1989
221 Papar dam IR,WS,HY 353 20 33 61%  1985-1989
SARAWAK. _
231 Miri dam WS 33 1.2 7.6 10 1985-1989

(2) DIVERSION FACILITIES : . .
Diversion Construc~

_ _ Discharge  tion Construc¥
Basin  Diversion Basin Transfer Capacity Cost6 tion
No. Facilities Purpose ~ (Basin No.} (m3/s) (M5107) Period
213 Meliau diversion WS 213 to 212
e - : {Sandakan) _ . _
- Pipeline-1. WS S 0.3 133 '1983-1987
- Pipeline-2 L _ 0.6 223 1988-1992
217 Miliau diversion WS 217 to 217 0.1 15 . 1983-1987
(Kudat) s _
220 Papar diversion " WS 220 to 219 1 25 1985-1989
' (Kota Kinabalu) '
224 Padas diversion WS 224 to 225
o L {Labuan) _ . .
- Pipeline-1 - WS . 0.4 214 1983-1987

Remarks; IR : Irrigation, WS : Water Supply, HY % Hydropower
%:  Cost for hydropower generation is borne by the
hydropower development. '
Construction cost is the financial cost at 1980
constant price.
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Table 35 ~ POTENTIAL HYDROPOWER SITES
' - STUDIES BY SEB IN SABAH

Installed Energy
_ Capacity Output

Name of Site ' ‘Name of River (M) (Gwnh/y)
~ Tenom Pangi, * Padas : 66 T 4b4
Sook Padas .35 220
Rayok Padas 65 -
Lower Halogilat Padas 144 990
Upper Halogilat Padas 98 . -
Papar Papar 45 171
Moyong ' Moyong 7 -
Tamparuli Tuaran 35 : -
Balat Kinabatangan 34 342
Deramakot Kinabatangan 78 - 387
Milian Milian 50 236
Kuamut Kuamut: 46 241
Total 703 . 3,051

Source; SEB
Table 36 MAJOR FEATURES OF RAJANG RIVER

HYDROPOWER DEVELOPMENT IN SARAWAK

Pelagus Bakun Muru Bela

Project {Raja 284) {Balu 037) 040 010
Name of River : Rajang, Belui Murum Belaga
‘Mean Discharge ‘m3/s 2,000 1,560. ©o o310 230
Mean Net Head ™ 39 159 291 112
.Max. Active Storage 107 x m3 - 3.0 27.1 - 6.0 - . 6.8

Vélume : T : ' .
Reservoir Area km? 330 730 210 1390
Tnstalled Capacity MW 770 2,580 940 260
Energy _ GWh ' 5,600 18,100 6,600 1,800
Capital Cost 100 x Ms 1,480 2,690 1,080 730
Energy Cost M$/kWh C 4.1 2.3 2.3 T5.3
Proposed Year 1st stage 1990 1995 2004 ' 2009

of Commission - 2nd stage = 2001 _ = -

Rematks; ‘data on June, 1982

Source; Ref. 2
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Table 37

CATCHMENT AREA > 1,000 km2

. POTENTIAL HYDROPOWER SITES IN SABAH,

Installed

without '® are constructed.
(2) %% combination with pressure tunnels.

5-63

Basin Catchment Annual Firm Dam Aunuail
No. Area Discharge Height Capacity Ewmergy

Name of Dam Located  (km?) (108m3/y) (m) (MW) -~ (GWh)

Pensiangan 201 5,106 6,242 156 374 1,640

Sapulut 201 2,594 3,496 148 200 874

Kuamut~2 - 211 2,686 3,511 72 95 416f

Kuamut-3 ' 211 1,971 2,554 78 *75 %3729

Kuamut—4 211, 1,408 400 84 *13 *56

Pinangah 211. 1,205 1,390 . 40 20 88

Mi1ian- 211 3,390 2,230 38 #31 - %135

Milian-2 211 1,262 1,510 ~1307 %75 *330

Padas=-1 224 1,935 1,652 162 %%233 *%1,020 .

Padas-2 224 1,171 1,179 186 85 - 372

Pangi No.2 224 8,000 3,560 - 90 “ 547

Lower Halogilat 224 0 8,200 3,649 75 144 *999

Sook & Tenom 224 1,770 - 60 84 309

Pangl extension o .

Pegalan-1 224 - 1,283 923 . 101 36 155
Sub-total without # 1,217 5,421
Sub-total with # © 338 1,849
Total 1,555 7,270

Table 38 POTLNTIAL HYDROPOWER SITES IN SABAH,
CATCHMENT AREA 500 — 999 km?
Basin Catchment Annual Firm  Dam Tnstalled Annual
No.- ‘Area pischarge  Height Capacity - Energy

Name of Dam Tocated (km2)~ = (10%m3/y) . (m) MW ‘(GWh)

Sibungo 201 530 683 143 *38 k165

Segama~2 210 671 769 93 27 ~120 -

Kuamut—5 211 945 1,203 117 54 236

Labau _ 211 977 ©1,158 156 70 305

Mirali-1- . 214 685. 1,547 - 101 60 262

Bengkoka~-1 216 - 515. 574 85 19 81

Tuaran-1 219 711 1,345 108 - 56 244

Tuaran-2 219 568 814 93 . ®29 #*]126

Maligan - 224. 575 581 133 *30 *130

Telekosang-1 - 224 . 821 - 831 168 %124 %680

Telekosang-2 224 . 624 623 140 . *34 *147
Sub-total without * 410 1,928
‘Sub-total with * 131 568
Total 541 2,496

Remarks; - (1) The dam sites with * are submerged if the sites



Table 39 _ POTENTIAL HYDROPOWER SITES IN SABAU,
CATCHMENT AREA < 500 km? ~ (1/2)

Catchment Annual Firm Dam . Installed Annual

Basin No. Area Discharge Height Capacity  Energy

Name of Dam Located (km2) (106m3/y) {m) (M) .(Gwh)
Sumatalun 201 384 466 - 104 *19 _ *81
Tagul 201 449 631 142 %35 k151
Serudong 202 441 376 204 30 130
Kalabatan~3 203 278 279 57 *6 %26
Kalabatan-2. 203 295 239 144 13 52
Kalabatan-1 203 310 91 : 38 1 S )
Brantian-1 204 478 427 78 13 55
Brantian-2 204 436 410 98 *15 *67 .
Brantian-3 204 120 115 83 - 4 - 16
Umas—-Umas-2 205 S 171 159 127 %8 %34
Umas—Umas-1 205 208 172 . 82 5 ' 24
Merotai-1 206 192 133 33 2 7
Merotai-2 206 86 37 .23 0 1
Tawau 207 38 35 69 1 4
Kipabutan - 207 23 26 67 1 3
Balung-1 207 47 50 66 1 S5
Balung-2 207 20 1i 12 0 0
Danum 210 257 319 -89 11 47
Kuamut-6 211 381 482 236 %44 *194
Imbak 211 360 456 75 13 57
Sinca 211 171 186 27 2 8
Tongod 211 216 73 47 ' 1 6
Pingas 211 264 ' 304 79 9 40
Babakong 212 : 36 : 44 11 *() 1
Moynod 213 95 137 18 1 4
Kolombuon—1 215 34 77 g7 3 1
Nibang 216 55 67 . 62 %2 7
Bengkoka—2 216 ) 347 310 148 *18 *77
Bengkoka-3 216 170 - 193 . 168 . 13 55
Bandau . 217 101 115 125 6 24
Langkon 217 41 . 44 71 1 .5
Kinaran-2 - 217 38 39. 147 2 10
Tuaran 217 . 87 89 120 4 18
Penataran 218 40 : 59 131 . 3 13
Kadamaian 218 139 . 189 81 - 6 25
Wariu 218 123 145 178 %10 k44
Tuaran-3 219 451 690 101 27 116
Tuaran-4 219 213 415 137 22 : 96
Tuaran->5 219 . 1290 234 163 . 15 - 65

Tuaran-6 . 219 98 = 170 - 136 g . 39

.Remarks; The installed capacity of less than 1 MW is
' assumed to be 0, S



‘assumed to be 0.

The dam sites with * are submarged if the site

without * are constructed.

kg

combination with pressure tunnels.

8-65

’

Table 40 POTENTLAL BYDROPOWER SITES IN SABAH,
CATCHMENT AREA < 500 km2 (2/2)

_ Catchment Arnnual Tirm Dam Installed Annual

Basin No. Area Discharge Height Capacity Energy

Name of Dam Located (kmz) (106m3/y) {m) (MW) (CWh)
Moyog~1 220 114 132 - 63 3 14
Moyog—2 220 53 86 89 3 13
Tempangoa 220 19 33 12 il 4
Gramatoi 221 83 137 93 5 21
Papar-1 221 353 260 53 *%30 *%]31
Mandalipau 221 101 163 95 6 26
Papar—3 221 221 254 79 *8 %33
Puas 222 44 66 62 2 7
Papar-2 221 288 336 73 9 41
Bongawan 222 40 49 46 1 4
Kimanis 222 63 95 72 3 11
Besanon-1 - 222 61 107 62 *3 *11
Besanon-2 222 47 76 64 2 3
Membakut-1 223 164 185 26 2 7
Membakut-2 223 128 173 37 *2 *1.0
Membakut-3 223 5 90 126 4 19
Membakut~4 223 37 56 78 2 7
Sub-total without * 292 1,255
Sub-total with * 198 859
Total 490 2,114

Remarks; The installed capacity of less than 1 MW is



Table 41 FUTURE POWER DEMAND IN SABAH
PROJECTED BY SEB

Energy Max, Power Power Factoy
Year (GWhY {(MW) .- (A
1965  44.8 10.6 48.2
1970 ' 87.9 20.0 50,2
1975 ] 197.6 4.2 56.1
1979 -359.1 69.2 ' 58.1
1980 386.1 - 79.0 55.8
1985 ©761.0 162.0 56.5
1990 1,636.0 3440 - 58.2
1995 3,094.0 620.0 59.2
2000 5,257.0 1,035.0 61.2

Remarks; The valﬁes were rvevised by SEB
on June, 1982.

‘Table 42 FUTURE POWER DEMAND IN SARAWAK
PROJECTED BY SESCO

~ Minimum Forecase (1) " Maximum Forecast (2)
Energy Max. Power Load Factor Energy Max. Power Load Factor
Year (GWh) (€100 (%) (GWh) - (Mw) (%)
1975 176 37 57.4 - - -
1979 . 318 69 54 .4 - -~ -
1980 361 74 55.7 361 76 55.7
1985 812 160 “57.9 3,164 475 76.0
1990 - 1,413 274 58.9 4,776 749 72.8
1995 2,243 425 60.3 5,608 900 71.1
T 62.0 6,623 1,075 70.3

2000 - 3,260 600

Remarks; (1) HNormal growth of the éxisting stations
(2) Minimum forecast plus the following project
in Bintulu .
- Aluminium smelter -
Iron ore direct reduction plant
Electric arc steel plant

Source; Ref. 2 {(Vol. IL, Annex 3/2)
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Table 43 FUTURE POWER DEMAND OF MAJOR -

POWER STATIONS IN SABAH

Power Demand (MW)

Remarks;

electric arc steel plant, deepwater port,
. Ureafammonia plant.

5-67

Station 1979 1985 1990 1995 2000
Kota Kinabalu = 37 73 148 276 460
Sandakan ' 16.5 31 54 100 163
Tawau 9.5 i9 36 67 112
Labuan 5.1 21 69 127 213
Lahad Datu 2.2 5 9 17 28
Kudat . 1.3 3 5 9.3 16

*Keningau 1 3 5.1 9.5 - 16
Total 72.6 155 326.1 604.8 1,013
Remarks; The values were revised by SEB on June, 1982.
*: Keningau station, which trends to grow in
the same pace as Kudat station, is included.
Table 44 FUTURE POWER DEMAND OF MAJQR
STATIONS . IN SARAWAK
Pdwer.Demand {MW)
- Station _ 1979 1985 19380 1995 2000
Kuching 18,9 85 142 213 295
- 8ibu 12.6 24 40 67 10%
Miri 8.2 18 32 52 78
Bintulu 2.0 11 26 &7 69
Sarikei /1 1.3 3 -5 9 15
Energy-~intensive Project— - 328 491 495 496
Total 63 469 736 883 1,054

/1: Aluminium smelter, iron ore, direct reduction plant,



Table 45

© SELECTED HYDROPOWER SITES FOR
ALTERNATIVE STUDIES IN SABAH

Kinabatangan (Balat)

5~68

10,730

Basin Catchment  Tnstalled  Annual

No. Area Capacity Energy

Name of Dam __ Located  (km?) (Mw) (Gwh)
Pensiangan 201 5,106 374 1,640
Sapulut 201 2,594 200 "874
Sibungo 201 530 38 165
Tagul 201 449 35 151
Serudong 202 441 30 130
Kuamut—2 211 2,686 95 416
Kuamut—3 211 1,971 75 329
Kuamut=5 211 945 54 236
Kuamut—6 211 381 b 194
Milian-1 211 3,390 31 135
Milian-2 211 1,262 75 330
Labau 211 977 70 305
Mirali-1 214 685 60 262
Tuaran-1 219 711 56 244
Papar-1 221 353 30 131
Padas-1 224 1,935 233 1,020
Padas-2 224 1,171 85 372
Telekosang-1 | 224 821 124 680
Telekosang-2 224 624 34 147
Lower Hulogilat 224 8,200 144 999
Pangi No.2 224 8,000 90 547
Sook & Tenom Pangi extension 224 1,770 84 309
Pegalan-1 224 1,283 36 155
Maligan 224 575 36 130
34 149



Table 40 SELECTED HYDROPOWER SITES FOR
ALTERNATIVE STUDIES IN SARAWAK

Basin Ca_tchment Installed Annual

o . No. Area Capacity Energy.

Name of Dam . Located (km%) (M (Gwh)
Pelagué_(Rﬁja~284) 21 20,919 770 5,600
Bakun (Balu-037) 241 14,764 2, 580 18,100
Bela-010 241 2,883 260 1,800
Muru—040 | 241 2,883 940 6,600
Muru-008 241 3,011 435 1,294
Lina-013 241 2,531 426 2,486
Kati-051 241 1,539 315 1,377
Kati-010 - | 241 2,987 187 1,290
Bele-020 241, 575 73 149
Tuto-125 230 2,380 85 283
Limb-136 229 1,980 98 568
Trus-101" 229 1,649 48 184
Upper Batang Ai 244 ' 360 48 225
Batang Sekrarg | 244 YA 46. 210
Konowit (Kono-110) 241 1,250 110 485



Table 47  ASSUMED HYDROPOWER DEVELOPMENT PROGRAM
FOR KOTA KINABALU

: Maximum Power Demand (MW) )
990 T 1995 2000 -
Diesel* Hydrvo . : Diesel* Hydro -Diesel*ﬂpgzgﬁim“
Total OP & Exist— *%% Total OP & Exist- **% Total OP & Txist- ¥
Station ‘Demand Plan - ing** New Demand Plan ing** New Demand Plan = ingh* Ney

Kota Kinabalu 148 139 110 +110 276 139 110 -27 460 139 110 -21|

& Keningau 5 3 o - 1 3 0o - 1 3 0 .
Total 153 142 - 110 499 286 142 110 =34 476 142 110 -24
Remarks; %: 1In operation and expansion program up to 1985 by SEB.

#%:  After Tenom Pangi and Sook.
%%%: Plus means surplus capacity and minus means requirvement
of hydropower development

Table 48 ASSUMED HYDROPOWER DEVELOFMENT PROGRAM
FOR SABAH TRANSMISSION LINE GRID SYSTEM

Maximum Power Demand (MW)
1990 ) : 1995 - -2000
Diesel®  Hydro Diesel* ‘Hydro . Diesel® Hydro
Total OP & Exist- *%% Total OP & Exist— #%% Total OP & Exist- %%
Station Demand Plan ing%%* New Demand Plan ing** New Demand Plan ing** New

Kota Kinabalu 148 139 110 +110 276 139 110 -27 460 139 110 -211
& Keningau '

5 3 0 - 10 3 0 - 16 3 0 -

Labuan 69 28 0 - 127 28 0 - 213 28 0 -

Tawau 36 45 0 - 67 45 0 - 112 45 0 -

Sandakan 54 58 0 - 100 58 0 - 168 58 0o -

Total 312 273 110  471. 380 273 110 -197 969 273 110 -586
Remarks; %*: 1In opération and expansion program up to 1985 by SEB.

#%: After Tenom Pangi and Sook.
*%%:; Plus means surplus capacity and minus means requirement
of hydropower development. '
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Table 49 'RECOMMENDED. HYDROPOWER DEVELOPMENT PLAN
" FOR KQTA KINABALU .
Catch— Active Annual Construc—

. ment Storage Surface Installed Energy tion Date of
Basin Avea CapaCLty Area Capacity Output Cost Commi s~
No. Name (km?) (10® m3) (km?) (MW) (GWh) Purpose (M$106) sion

224 Tenom Pangi Stage TII |
- Sook dam &.
power 1,770 480 27 40 172 HY 150 1990
- Pangi exten- '
sion - (7,815) - - 44 137 HY 150 1990
221 Papar multi- ' : _ . ./1 -
purpose 353 147 5 30 130 HY,IR,WS 180%= 1990
224 Pangi No.2  (8,000) - 2 902 547 my 2002 1994
224 Upper Padas 1,893 300 9 170 F42 HY 870 1996
Remaiks; IR: :lrrigation,'ws Watey Suppiy, HY: Hydropower
Construction cost: ' Financial cost at 1980 constant price.
/1 MS$67 x 106 for D&I water supply deducted
/2: Cost for railway relocation not included
/3: After Tenon Pangi, Stage IIT
Table 50- ALTERNATIVE HYDROPOWER DEVELOPMENT PLAN
FOR SABAH TRANSMISSION LINE GRID SYSTEM
Catch- Active Annual - )
ment 5torage Installed Fnergy - Construc— Date of
o _Area - Capacity . Capacity  Output ' tion Cost_ " Com-
Name (k) (106m3)  (Mw) (GWh)  (4$10°)  missionm
:Tehom Pangi Stage IIT (Sook)
(Sook & Pangi o : 4 _
extenstion) 1,770 480 84 309 300 . 1990
‘Papar Multipurpose 353 147 30 - 130 180/2 1990
Pangi No. 2 (8,000) - ,:90ﬁ§f- 547 2902 g9
Pensiangan 5,106 4,342 370 1,639 1,07022 1996
Sapulut & Pensiangan ,
extension 2,594 2,865 230 1,007 460 1999
Remarks ; M$67 x 10° for D&I water supply deducted.

1

/2
/3:
I4:

Cost for railway relocation not included.
After Tenom Pangl, ‘Stage ITI. :

Cost of transmission system to Tawau, Labuan
& Sandakan included.
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Table 51 ESTIMATED FUTURE POWER DEMAND OF MAJOR
POWER STATIONS IN SABAH UNDER THE -
CONDITION OF LOWER ECONOMIC GROWTH

' Maximum Power Demand (MW)
© Station 1985 . 1930 1995 - 2000 -

Kota Kinabalu 70 109 178 268
Sandakan 30 490 bh 98
Taviau 18 30 43 65
Labuan . 20 51 82 124
Lahad d atu h.9 6.7 11 16
Kudat 2.9 3.7 6 9.3
Keningau 2.9 3.8 6.1 9.3
Total 149 244 390 590
Table 52 RECOMMENDED HYDROPOWER DEVELOPMENT PLAN

FOR KUCHING .

Catch~ Active . Annﬁal Construc-
. ment Storage Surface Installed Energy tion Date of
Basin Area  Capacity Area  Capacity Output - © Cost  Commis-
No. Name (ka) (106 m3) (kmz) - {MW) {GWh} Purpose (M$106) sion
241 Konowit 1,250 1,180 71 110 485 WY 510 1990
244 Batang Sekrang 6440 450 15 46 210 -~ HY - 310 1996
244 Upper Batang Ai 360 340 8 48 225 HY _46Q 1998

Remarks; HY: Hydropower, _ . _ o
Consiruetion cost: Financial cost at 1980 constant price.
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Table 53  RECOMMENDED HYDROPOWER DEVELOPMENT PLAN FOR
ROTAKINABALU AND KUCHING IN SABAH AND SARAWAK
UNDER THE CONDITION OF LOWER ECONOMIC GROWTH

Catch~ Active _ Annual Construc~
ment Storage Surface Installed Energy tion Date of
Basin Area Capacity Area Capacity Output Cost Commis—
_No. Project (km?) (106 m3) (kmz) {MW) (GWh) Purpose gMSlOElnngiOH
§§bah (KOTA KINABALU)
224  Tenom Pangi Stage 111
~ Sock dam &
power 1,770 480 27 40 172 HY 150 1990
- Pangi exten- -
sion (7,815) - - 44 _137 ny 150 1990
221 Papar multi- - -
purpose 353 147 5 30 130 HY,IR,WS 180— 1990
224  Pangi No.2 (8,000) - 2 90L§ 547 HY 29012 1994
Total - (17,938) 627 34 204 986 ' 770
Sarawak (KUCHING) | o
15 46 my 310 1996

244  Batang Sekrang 440 450

Remarks;
IR: _
M$67.x 10

r\=\~\
W=

210

Comstruction cost:  Financial cost at 1980 constant price
Irrigation, WS: Water Supply, HY:
for D&I water supply deducted
Cost for railway relocation not included
After Tenom Pangi, Stage III

Hydropower



Table 54 ALTERNATIVE COMBINATTON OF HYDROPOWER
DEVELOPMENT PLANS IN SABAH (1/3)

Catch- Project Cost (M$1O6)
Name of ment Tnstalled Annual Transmission Line Trans-
Dam (With Area. Capacity Energy to Demand’ Center - Power mission Total
Basin No.) (km?) {MW) (GWh) C(km) Dam Facility Line Cost

sAlternative Hl-1

Sook 1,770 35 153 60(to Pangi) 118.0 52.3  17.2 188
(224) : -

Pensiangan 5,106 11G¢ 482 150(to Pangi} 190.0 174.8 57.2 518
(224) 231(to Tawau) 115.9
Kuamut-2 2,686 46 202  165(to Sandakan) 179.9 102.6 54.3 389
(211) 133 (to Lahad Datu) 52.3
Extension of

Transmission .

Line 186(K/K to Kudat) 53.2

Expansion of )
Tenom Pangi b _ 47.5

Total 235 MW

Alternative H1-2 _ _
Pensiangan 5,106 195 853 150(to Pangi) 443.8 279.5 71.5 91¢

(224) © 231{to Tawau) - 115.8
Kuamut-2 2,686 46 202 165(to Sandakan) 179.9 102.6 54.3 389
{(211) 133(to Lahad Datu) ‘ 52.3
Extension of

Transmission ] )

Line _ 186(X/K to Kudat) ©53.2

Total 241 MW

Alternative H1-3

Sook 1,770 35 153 60 (to Pangi) 118.0  52.3 17.2 188
(224) ' _ . _
Padas-1 1,935 59 258 55(to Pangi) 432.6  77.8 16.5 527
(224) -

Bengkoka-1 515 9 40  120(to Kudat) 207.5 19.1  41.5 268
(216) '

Sapulut 2,594 48 212 200{toc Tawau)} 144.8 99.9 91.2 336
(224) : _

Kuamut-2 2,686 46 202  165(to Sandakan) 179.9 102.6 54.3 389
(211} - 133(te Lahad Datu) 52.3

Expansion of _
Tenom Pangi 44 47.5

Total 241 MW

Remarks; *: The optimum scheme in alternative M.
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Table 55

_ALTERNATIVE COMBINATION OF HYDROPOWER
DEVELOPMENT PLANS IN SABAH (2/3)
Catch- o Project Cost (M510°)
Name . of ment  Installed Annual Transmission Line Trans—
Dam (With  Area Capacity Energy to Demand Centex Power mission Total
Basin No.) (km?) (M) (GWh) (km) Dam Facility line _ Cost
*Alternative H2-1
Sook-1 1,770 35 153 60(to Pangi) 118.0  52.3  17.2 188
(224) L
Kuamut-2 2,686 46 202 165(to Sandakan) 179.9 102.6 54.3 461
(211} 133({to Lahad Datu) 52.3
: 125{to Tawau) 71.5
Expénsion of
Tenom Pangi 44 47.5
Extension of
Transmission '
Line 186(K/K to Kudat) 53.2
Total 125 MY '
Alterpative H2-2 :
Padas-1 1,935 68 298 55(to Pangi) 533.7  91.3 16.5 778
(224) 267(to Tawau) i36.4 :
Segama-2 670 23 106 76(to Lahad Datu)263.5 38.8  27.9 330
{210) . . _ .
Extension of 186 (K/K to Kudat) 53.2
Transmission - 165(Lahad Datu 70.8
Line to Sandakan)
Expansion of _ _
Tenom Pangl 44 47.5
Total 135 MW '
Alpernative'H2—3 _
Padas-1 1,935 68 298 55(to Pangi) 533.7 91.3 16.5 643
(228) : o
Kuamut-2 2,686 46 202" 165(to Sandakan) 179.9 102.6 - 54.3 460
(211) 133(to Lahad Datu) 52.3
125(to Tawau) 71.5
Extension of .
Transmission : ' '
Line’ 186(K/K to Kudat) 53.2
Expansion of :
Tenom Pangi 44y 47.5
Total 158 MW '



Table 56 ALTERNATTIVE COMBINATION OF HYDROPOWER .
© DEVELOPMENT PLANS IN-SABAH  {3/3)

Catch- s Project Cost (M$106)
Name of  ment Installed Annual Transmission Line Trans-
Dam (With 'Area  Capacity Energy to Demand Center Power mission Total
Basin No.) (kmZ)  (MW)  (CWh) (km) Dam Facility Line __Cost

¥Alternative H3

Sook-1 1,770 35 153 60(to Pangi) 118.0 52.3 17.2 188
(224) _
Pensiangan 5,106 240 1,053  150(to Pangi) 724.4  260.0 50.5 1,035
(201) 35(to Sapulut) _ :
Sapulut 2,594 48 212 120(to Kuamut-2) 144.8 52.8 48.0 246
(201) -
Kuamut-2 2,686 46 202  165(to Sandakan) 179.9 102.6 178.1 461

133(to Lahad Datu)
125¢to Tawauw)

Balat- = 10,730 34 149 - - - - -
(212)

Expansion of
Tenom Pangi - 44y - - _ - 47.5 - -

Extension of

Transmission _ . .

Line _ ' 186 (K/K to Kudat) : ~ 53.2
Total 447 MW

Remarks; *: The optimum scheme in alternative H2 & H3



Table 57 ALTERNATIVE COMBINATION OF HYDROPOWER
DEVELOPMENT PLANS IN SARAWAK

Annual  Transmission Project Cost (MSLOb)
Catchment Installed Firm | Line to Trans-—
. Area Capacity  Enerpy Demand Dam & Power wmission Total
Name of Dam _ (land) (o) (GWh) . Center (km) Facilities Line Cost
*Alternative H1-1 _ ‘
Muru-008 3,111 435 1,294 223 (to Mirl) - 679.0 63.7
' 378 (to Sibu) i 108.1
184 (Sibu to Butang Al) 52.6
Total 903
Altefnative Hi-2 ) . :
Lina~Q13 2,531 426 2,486 223 (to dMivi) 139.0 65.7
378 (to Sibu) 108.1
184 (Sibu to Butang Ai) : 52.6
Total 963
*Alternative H2-1
Bela-010 2,883 219 1,517 223 (to Miri) 425.0 “63:7
378 (to Sibul : 108.1
184 (Sibu to Butang AL) . 52.6
Total 650
Alternative H2-2 _ .
Huru-008 3,111 211 981 223 (to Miri) 532.0 63.7
’ 378 (to Sibu) ' 108.¢°
184 (Sibu to Butang Ai) 52.6
Total 756
*Alternative H3-1
Katl 051 1,539 315 1,317 88 (to Sarikei) 952.0 35.2 987
Bele 020 575 3 149 130 (to Bintulu) 274.0 52.0 326
Tuto 125 2,380 85 283 . 160 {to Miri} 353.0 48.0 401

Total 1,714

Alternative H3-2 .
Katl 052 1,538 315 1,317 88 (to Sarikei) 1,057.0 35.2 1,092

Bela 010 . 2,883 43 957 95 (to Bintulu} 469.0 18.0 534
Limb 136 1,980 98 568 160 (to Miri) 400.0 48.0 448

Total 2,074

%alrernative H4-1

_Kati 051 1,539 185 792 88 (to Sarikei) 500.0 35.2 535
Bele (20 575 73 149 130 (to Bintulu) . 274.0 52.0 326
Trus 101 1,649 48 184 203 (to Miri) 331.0 60.9 392

Total 1,253

Alternative H4-2 : . .
Kati 010 2,987 187 1;290 88 {to Sarikei) '584.0 35.2 619

Bele 020 575 13 149 130 (to Bintulu} 274.0 52.0 326

Trus 101 1,649 . 48 184 203 (to Miri) 331,0 60.9 392
o - _ Total 1,337

Remarks; #*; The optimum scheme in each alternative combination.

Source; Ref, 2



(1)

(2)

fable 58  ADJUSTMENT FACTOR FOR KW AND KWH VALUE

Power (kW) Adjustment Factor:

Loss Factor Hydropbwer (%) MHi-fired (%)
Transmission loss 4.0 2.0
Torced outage 0.5 5.0
Station service ' 0.3 B 5.0
Overhaul and inspection 2.0 ' 15.0

(1~0.04)(1~0.005)(1-0.003)(1-0.02) ;

Adjustment Factor = (1-0.00)(1-0.05)(1=0.05)(1~0.15) 1.241
Energy (kWh) Adjustment Factor:

Loss Factor Hydropower (%) Qil-fired (%)
Transmission loss 4.0 2.0

Station service 0.3 5.0

fl = 0.04)(1.; 0.003)
(1 - 0.02)(1 - 0.05)

Adjustment Factor = = 1.028
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Table 59  DEFINITION OF SAFE RIVER MAINTENANCE FLOW PERIOD,
SAFE WATER SUPPLY PERTOD AND DROUGHT DAMAGE RATIO

Deseription Alternative

| . B Bl B2 - B3
Drought level 1/N 2/N 3/N 4/N
Deficit under Q97% = - DAL DA2 DA3 DA4
maintenance flow (10%m3/y)
Deficit under Q99% DB1 DB2 DB3 DB4
maintenance flow (100m3/y)
Period of Deficit under PAT PAZ PA3 PAAL
Q97% maintenance flow
(days/y)
Period of Deficit under PBR1 PB2 PB3 PB4
Q99% maintenance flow
(days/y)
Shortage in 1/N drought SAl=0 8A2= SA3= SAG=
under Q977% maintenance DA1-DAZ DA1-DA3 DAL1-DA4
flow (1006m3/¥)
Shotrtage in 1/N drought SB1=0 SB2= SB3= SB4=
under Q99% maintenance DB1-DB2  DB1-DB3 DB1-DB4
flow - (10%m3/y)
Damage period ‘of shortage  PDAL=0 PDAZ= PDA3= PDA4=
in 1/N drought undey Q97% SAZ/C SA3/C SAL4/C
(davs/y)
Damage period of shortage PDBl1=0  PDB2=:  PDB3= PDB4=
in 1/N drought under Q997% SB2/¢ SB3/C SB4/C
(days/y)

* Safe river maiﬁtenance‘ 365 365- 365- 365-
flow period in 1/N PDA2 FDA3 PDAA
drought (days/y) '

% Safe water supply period 365 365~ 365- 365~
in 1/8 drought (days/y) PDB2 PDB3 PDB4
Shortage in N'Yeéts under  TS1=0 TS2=5A2 . TS3=8A3 TS4=SA4
Q97% maintenance flow - +(DA2-DA3) +(DAZ-DA3)
(10%m3) ' : +(DA3~DA4)

% Drought damage ratio in R1=0 R2= R3= Rb=

TS2/TDW TS4/TDW

N years (%)

TS3/TDW

in which; C = DAL/PAl, N =10 - 16 (years),
Tow = N (Q97%'maintenance flow + withdrawal)i

i=]
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SAVE WATER SUPPLY. PERTOD AND SAFE RIVER MAINTENANCE

Table 60
FLOW PERIOD WITH/WITHOUT ALTERNATIVE STRUCTURAL
MEASURFES IN 1990 AND 2000 '
' 'Unit: * days
1990 : . Safe River Maintemance
Safe Water Supply Period  Flow Period
without without
Basin Basin o Structures : Structures
No. Name Bl B2 B3 (1/8) 31 B2 B3 (1/N)
SABAH
207 Tawau 365 297 271 260 365 285 261 254
218 Kadamaian 365 358 301 270 365 325 295 260
221 Papar 365 356 351 330 - 365 350 340 301
SARAWAK
231 Miri 365 365 350 319 365 349 319 . 309
‘ Unit: days
2000 . L Safe River Maintenance
= Safe Water Supply Period Flow Period i
without without
Basin  Basin : Structures Sturctures.
No.. Name Bl B2 B3 (1/n) Bl B2 B3 (1/N)
SABAH _
207 Tawau 365 295 268 254 365 282 255 244
218  Kadamaian 365 358 298 265 365 325 290 260
221 Papar ‘365 357 350 330 " 365 33% 330 2596
SARAWAK
231 Miri 365 365 345 298 365 329 310 278
Remarks; N : 10 - 1e,

'B1, B2 and B3' mean the condition after the alternative

water source facilities are implemented, and
'without structures' means natural flow condition.



Table 61 SAFE WATER SUPPLY PERIOD AND SAFE RIVER MAINTENANCE
FLOW PERIOD WITHOUT STRUCTURAL MEASURES IN 2000

Séfe River Unit: days

Basin Safe Water Supply Period Maintenance Flow Period
No. 1/N 2/N 3/N L/N 2/N 3/N
201 260 335 345 254 335 350
202 260 335 345 254 335 350
203 260 335 345 1254 335 350
204 - 260 © 335 - 345 254 335 . 350
205 260 335 345 254 335 350
206 260 335 345 254 335 350
207 254 335 350 244 . 335 350
208 260 335 345 254 335 - 350
209 260 335 345 254 335 350
210 260 335 345 254 335 350
211 350 334 365 310 325 355
212 325 316 365 285 305 - 355
213 . 330 321 365 285 305 355
214 330 326 365 285 305 355
215 330 326 365 285 305 355
216 265 296 360 260 281 347
217 285 327 365 270 296 352
218 265 291 295 - 260 281 300
219 312 360 360 296 339 345
220 301 316 331 280 311 o321
221 330 349 350 . 296 320 329
222 _ 335 349 7 360 . - 361 . 326 350
223 : 335 344 360 . 306 326 340
224 276 335 354 276 330 339
225 137 102 215 97 132 2210
226 335 360 365 316 342 350
227 340 360 365 322 350 355
228 335 360 365 322 - 350 355
229 345 360 360 364 355 . 355
230 345 360 360 - 329 355 355
231 _ 298 309 314 " 278 299 . 309
232 340 360 360 319 329 350
233 345 360 365 319 329 - 350
234, 345 360 365 2319 329 350.
235 345 360 365 = 319 329 350
236 340 344 360 314 319 350
237 345 360 365 . 359 . 334 350
238 w345 360 - 365 0319 334 350
239 365 - 354 - 2365 . 319 - 334 350
240 - 345 354 365 S 319 - 334 350
241 - 355 360 360 325 360 360
242 339 . 349 . 365 ' 309 350 329
243 339 349 365 309 350 329
244 334 344 365 304 324 - 350
245 ' 324 339 365 299 329 350
246 345 355 355 335 349 350
247 360 360 365 340 349 360

Remarks; N = 10 - 16 (see Table 1)
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SAFE WATER SUPPLY PERTOD' AND SAFE KIVER

‘Tahle 62 : REV
MAINTENANCE FLOW PERIOD WITH/WITHOUT RECOMMENDED
STRUCTURAL MEASURES IN 1990 AND 2000
_ Unit: 'days
1990 . N Safe River Maiﬁtenance:
Safe Water Supply Period Filow Period )

Basin  Basin with without ' with without

No. Name. Structures  Sttructures Structures Structures
SABAR _

207  Tawau 365 260 365 254

218 Kadamaian 301 270 295 260

221 " Papar 351 330 340 301
SARAWAK
231 Miri 365 319 365 309

. Unit: days .

2000 S o Safe River Maintenance

_ Safe Water Supply Period Flow Period
Basin Basin with without with without -
No. Name Structures Structures Structures Structures
SABAH

207 Tawau 365 254 365 244

218 Kadamaian 208 265 290 260

221 Papar 350. 330 330 296
SARAWAR

231 Miri 365 298 365 278

Remarks; ‘Hifh~étructures‘ means the condition aftef_the

recommended water source facilities are implemented,
and 'without structures' means the natural flow
" condition both under the 1/N drought.
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SAFE WATER SUPPLY PERIOD AND SAFE RIVER MAINTENANCE

Table' 63
T FLOW WITH/WITHOUT RECOMMENDED STRUCTURAL MEASURES
IN 1990 AND 2000 UNDER THE CONDITION OF LOWER
ECONOMIC GROWTH
Unit: days
1990 _ ' L Safe River Maintenance
Safe Water Supply Period Flow Period o
Basin -Basin with without with’ - without
No. Name Structures Structures Structures Structures
SABAH
207 Tawau 365 271 365 259
218 Kadamaian 301 272 295 260
221 Papar 352 331 341 303
SARAWAK _ _
231 Miri 365 319 365 310
_ Unit: days
2000 Safe Riwver Maintenance
Safe Water Supply Period Flow Period
Basin Basin with ‘without _ with without
No. .: Name Structures. - Structures Structures  Structures
SABAH _ .
207 Tawau 365 260 365 252
218 Kadmaian 298 265 292 261
221 Papar 351 330 331 296
SARAWAK
231 Miri 365 303 365 288




Table 64

DROUGHT - DAMAGE RATIO WITH ALTERNATIVE
“WATER SOURCE FACILITIES IN 1390 AND 2000

Unit: Perceﬁtage

1990 2000

Basin No. Basin Name Bl B2 B3 Bl B2 B3
SABAH _ o

207 Tawau 1,76 2.32 0 .37 2.29
218 Kadamaian 0.56  2.26 0 0.55  2.28
221 Papar 0.45 0.57 0 0.42 0.55
SARAWAK _ .
231 Miri 0 0.15  0.87 0 0.31 0.80

Remarks; The condition under the 1/N drought.

Table 65

DROUGHT DAMAGE RATIO WITH RECOMMENDED
WATER SOURCE FACILITIES IN 1990 AND 2000

Unit: Percentage

1990 ' 2000 .
Target - Lower ' Target Lower
Economic Economic Economic Economi.c
Basin No. Basin Name Growth. Growth Growth Growth
SABAH
207 Tawau 0 0 0 0
218 Kadamaian ' 2.26 2.26 2.28 2.26
221 Papar 0.57 0.58 0.55 0.54
SARAWAK
231 Miri 0 0 0] 0

Remarks; The condition under the 1/N drocught.

S-84



Table 66 ~ STANDARD COMPENSATION AND RESETTLEMENT cosT

_ Unit: M$106/km?
(A) Compensation on Land

Irrigated paddy 2.5 Urban area class § 100

Rainfed paddy 1.5 Urban area class A 10
Tree croﬁ field class A 1.5 Urban area claass B 5
Tree crop field class B 1.0 Village area class A 5
Free crop field calss C 0.5 Village area class B 1
Forest class A - 0.5

Foresf class B 0.1

(B) Resettlement
Urban M$30,000/household
Rural M$10,000/household

Remarks; S very good access} A = good access;

B

‘poor access; C = very poor access
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Table 67 NUMBER OF PROPOSED WATER SOURCE FACTLITIES
AND HYDROPOWER DAMS IN SABAH AND SARAWAK

{A) Number of Proposed Dams Unit: number of sites

SMP &MP TMP Total

The State of Sabah
Alternative Bl 2 3 0 5
Alternative B2 2 2 0 4
Alternative B3 2 2 .O 4
Recommended Plan 2 3 0 5
Recommended, Lower Case 2 2 0 4
The State of Sarawak
Alternative Bl 1 - Q 0 1
Alternative B2 1 0 0 1
cAlternative B3 1 0 0 1
Recommended Plan 1 0 0 1
Recommended, Lower Case 1 0 0 i

(B) Number of Proposed Hydropower Dams Upit: number of sites

“5MP 6MP 7MP Total
The State of Sabah
Recommended Plan : 3 1 1 5
Recommended, Lower Case 3 ' 1 0 4
The Stage of Sarawak
" Recommended Plan 1 0 2 3
Recommended, Lower Case 0 0 1 1

Remarks; The number is counted as of commission year.
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MANPOWER REQUIREMENT FOR. WATER SOURCE FACILITIES,

Remarks; O&M: Operation and maintenance

Table 68
: ALTERNATIVE_Bl AND RECOMMENDED PLAN
Construction Unit: .number of staff
4LMP 5MP 6MP IMpP
Grade A: Engineér' 0 3 3 0
B: Technical Assistant 0 3 3 0
C: Technician 0 6 6 0]
D: Others 0 9 9 0
Total Govit. Staff 0 21 21 0
0&M
LMP S5MP 6MP e
Grade "A: ~ Engineer 0 3 6 6
B: Technical Assistant 0 3 6 6
C: Technician 0 3 6 .6
D: Others Y] 12 24 24
Total Govt., Staff 0 21 42 42
Construction & O&M
4MP SMP 6P 7Mp”
Grade A: Engineer 0 6 9 '.5
B: Technical Assistant 0 6 9 6.
- Cr Technician 0 9 12 6.
D: Others 0 21 33 24
Total Govt. Staff 0 42 63 42



Table 69 MANPOWER REQUIREMENT FOR WATER SOURCE FAGILITTES,
ALTERNATIVES B? & B3 AND RECOMMENDED PLAN UNDER
THE CONDITION OF LOWER ECONOMIC GROWTH

Lonstructlion _ ) _Unit:_.number of staff
4MP SMP 6MP IMP
Grade A: Engineer 0 3 2 0
B: Technical Assistant 0 3 2 0
C: Techniecan 0 6 4 0
T: Others. - 0 9 6. 0
Total Govt. Staff 0 21 14 0
0O &M
4MP SMP 6MP 7MP
Grade A: Engineer 0 3 5 5
B: Technical Assistant 0 3 5 -5
C: Technician - -0 3 5 5
D: Others 0 12 20 20
Total Govt. Staff 0 21 35 35
Construction & O&M
4MP 5Mp 6MP  7MP
Grade A: Engineer 0 6 7 5
B: Technical Assistant 0 6 7 5
‘C:  Technician 0 9 9 5
-Di - Others 0 21 26 20
0 42 49 35

Total Govt. Staff

Remarks; O&M: Operation and maintenance.
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Table 70  MANPOWER REQUIREMENT FOR RECOMMENDED HYDROPOWER DAMS

(A) Recommended Plan
' Unit: numbér of staff

Construction . o _ ‘

4MP S5MP 6MP MP

Grade A: Engineer 0 4 1 3

B: Technical Assistant: 0 8 2 6

C: Téchnician y; 3 2 6

p: Others o 0 12 - 3 9

Total Govt. Staff - 0 32 8 24
4MP SMP ' HMP 7MP

Grade A: .Engineer 0 4 5 8

B: Technical Assistant 0 8 10 16

C: Technician 0 4 5 . 8

D: Others 0 16 20 32

Total .Govet, Staff 0 32 . 40 64
Construction & O&M . . . .
o 4MP : AMP : 6MP Mp

Grade A: Engineer 0 8 6 11

B: Technical Assistant 0 16 - 12 22

C: _Technician 0 12 - 7 14

D: Others 0 28 23 41

Total qutd Staff 0 b4 Lo - 48 88

(8) Recommended Plan Under Lower_Econbmic'Growth

Construction . - 4MP SMP . GMP M
Grade A: FEngineer .. 0 3 1 ' 0
"B: Technical Assistant 0O 6 2 0
‘C: Technician- ' 0 6 2 0
D: Others 0 ' 9 3 0
Total Govt. Staff . 0 24 8 0
0 &M : o i o
4MP 5MP 6MP. .. 7MP
Grade A: FEngineer _ 0 3 4 ' 4
‘B:  Technical Assistant 0 6 8 8
C:  Technician 0 3 4 4
D: Others’ 0 12 16_ 16"
Total Govt. Staff 0 26 32 32
Construction & Q&M . e
D 4P SMP o GMP. .. JMP
Grade A: Englneer . 0 6 5 4
B: Technical Assistant 0 12 10 8
-C:-.Teéhnician_ : 0 R RS 6 . el 4
D: Others 0 21 - 19 16
Total Govt. Staff 0 48 40 32

Remarks; O&M: Operation and maintenance
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Table 71 FEATURES.OF DAMZ(ilé)

The State of Sabah Catchment Area (kmz) 37.6

Basin No. ¢ 207 Annual Discharge (10 m3/y) 46.5

Name of Dam: Tawau Purpose: WS to Tawau

Maximum : Altéfnative
Features " Secale * 1/10 2/10: 3/10

Net supply capacity (106 m3/y) 28.1 21.0 12.0° -

Active storage (105 w3) 22.8 7.1 3.5

Gross storage (106 m3) 24.3 8.6 5.0

Reservoir surface area (kmZ) 0.5 0.4

Dam volume (1()6 w3) 0.93 0.59

Potential annuwal energy (MWh) -

Project Cost (M$106)

Engineering & administration 6.2 4.0
Land & resettlement 0.1 _0 '
Physical contingency 20.5 13.1
. 88.7 56.8 —
Total dam project cost
" Remarks; *: For reccommended plan
Table 72 FEATURES OF DAM (2/6)

The State of Sabah Catchment Area (km2) . : 58.0

Basin No. : 213 Annual Discharge (106 m3/y): 132.0

Name of Dam: Meliau Purpose: WS to Sandakan

Maximum : ‘Altérnative _
Features _ Scale * 1/N’ 2/N 3/N

‘Net supply capacity (106'm3/y): ' 48.0 _ 48.0 48.0

Active storage (106 m3) 16.7

Gross storage _ (106 m3) 19.0

Reservoir surface area (km2) 0.9

Dam volume (106 m3) 1.56

Potential annual energy (MWh) -

Project Cost (M$106) o _
Dam ' 104.7 104.7  104.7
Engineering & administration 10.5 - 105 10.5
Land & resettlement 011 - 0.1 S 0.1
Physical contingency 34.6 34.6 34.6

Total dam project cost’

149.8 = 149.8

Remarks; *: For recommended plan
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Table 73 FEATURES OF DAM  (3/6)

The State of Sabah Catchment Area {(km?) s 70

Basin No. : 217 Annual Discharge (106 m3/y): 80.6
Name of Dam: Milau Purpose: WS to Kudat

L ' Maximum Alternative

© Features - ~+ Scale % 1/N - 2/N 4/N
Net supply capacity (106 w3/y): S 12.3 12.3 12.3
Active storage _,(10 m3) 5.3
Gross storage (10 m3) 8.0
Reservoir surface avea (km2) 5.6
Dam volume ' (106 m3) 0.04

Potential annual energy {(MWh)

Project Cost (M$109)

Da 3.1 3.1 3.1

amo - . 0.3 0.3 0.3
Engineering & administration . 3.0 3.0 3.0
Land & resettlement : : ’

s . : 1.9 -1.9 1.9

Physical contingency

Total dam'pfoject cost : 8.3 S 8.3 8.3

Remarks; ¥*: For recommended plan

Table 74 ~ FEATURES OF DAM (4/6)

. The . State of ~éabgh  __ Catchment Area “(km?2) c: 123
Basin No. : 718 ' Annual Discharge" (106 3/y) 208
Name of Dam: Wariu Purpose: IR, WA

EE ' : Maximum Alternative
Features - Scale - 1/13 2/13 %3/13
Net upply capacity _ (106 3/y) 157.6 65.4 41f5 _”1'10 3
Active storage (108 m3) 146.4 24.5 17.0 7.8

Gross storage ' (106 m3) 151.4& 29.4 21.4 12.8
Reservoir surface area (km2). E O P ¢.3
Dam volume (10 3) : 177.6 3.55  1.86 0.6
Potential annual energy (MWh) e 0.1 ~ - -
Project Cost (M$106) . L

Dam . - LS _ 187.3 1249  4b4.4
Englneerlng & adm1niqtrat1on : 19.6 12,4 0 44
- Land & resettlement_ 3 . 0.2 0.1 : _Oyl
Physical contingency - - = : : 62.2-  41.2 14.7
Total dam project cost o ' ) C269.3  178.7 63.6

Remarks; #*: For recotmended plan
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Table 75 FEATURES OF DaM  (5/6)
The State of Sabah Catchment Area (kmz) 353
Basin No. 220 Annual Discharge (106 m3/y): 646
Name. of Dam: Papar Purpose! IR , WS
Maximum Alternative
Features Scale /N 2/N *3/N
Net supply capacity (106 m3/y): 58.0 35.0 35.0
Active storage (106 m3) 25.5.  15.0  15.0
Gross storage (106 m3) 39.5 30.0 30.0
Reservoir surface area (km?2) 2.9 2.6 2.6
Dam volume (1008 m3) 0.74  0.65 0.65
Potentlal annual energy {(MWh) See Table 79
Project Cost (M$106)
Dam : 49.:5 46.3 46.3
Engineering & administration 4.9 4.6 4.6
Land & resettlement 0.6 0.6 0.6
Physical contlngency 16.3 15.2 15.2.
Total dam pro;ect cost 71.3 66.7 66.7
Remarks; #*: Tor rccommended plan
Table 76 FEATURES OF DAM  (6/6)
The State of Sarawak Catchment Area (km2) i 33
Basin- No. 231 Annual Dlscharge (106 3/y) 54
Name of Dam: Liku Purpose: WS to Miri
R Maximum Alternative
Features _ Scale % 1/13 2/13 3713
Net supply capacity - (106 m3/y):  41.8 20.0 15.0 13.0
Active storage (106 m3) 37.8 . 5.3°°° 3.6 2.8
Gross storage (108 m3)- 39.1 6.6 4.9 S 4.1
Reservoir surface area (kmZ) 2.9 2.7 2.6
Dam volume (lO6 w3) 0.13 0.11 0.10
Potentlal annual energy (MWh) - - - -
__Project Cost_(M5106) : . .

) Dam 10_]_ 8.8 8.1
Englneerlng & adminlstxatlon 1.0 0.9 0.8
Land & resettlement 0.4 0.3 0.3
Physical contingency 3.4 - 3.0 2.8

Total dam project cost 14.9 12.9 11.9
Remarks; *: For recommended plan



Table 77

Basin No. i 201

Catchment Area (km2)

FEATURES OF HYDROPOWER PROJECT

(1/8)

: 2,594
Name of Dam:  gapulut Anmual Discharge (106 m3fyy: 3,870
Purpose : HY '
Description Uni t Features
Principal Features Gross storage (105 md) 6,285.7
Active storage (106 w3) 2,865.0
Average outflow (m3/sec) 104.8
Full supply level (m} 347.0
Dam crest elevation (m) 350.0
Reservoir surface area = (km2) 83.0
Dam volume (106 m3) 4.7
Dam height (m) 117.0
Installed capacity (MW) 150.0
Annual energy (GWh) 657.0
Rated head {m)
Project Cost (M5108):  Dam 233.0
Generating equipment 85.6
TL & S§ _
Land & resettlement dam
Land & resettlement TL & §S
Physical contingency: ' 93,0
Total Project Cost 411,6
Table 78 FEATURES OF ‘HYDROPOWER PROJECT (2/8)
Basin No, : 201 _ Catchment Area: (km?) © 1 5,106
Name of Dam: - Pénsiangan Annual Discharge (10% m3/y): 7,618
Purpose : HyY
o --Description Unit Features
Principal Features : Gross storége (106 3) 6,152.4
' - Active storage . (106 m3) 4,342,4
""Average outflow '(m3/sec) 197.9
Full ‘supply level {m) 233.0
-Dam crest elevation {m) 236,0
:Reservoir surface area '(kmz) 135.0
Dam volume (106 m3) 10.0
Dam- hedght “ (m) 155.4
Installed capacity (MW) 3744
Annual ‘energy (GWh) 1,640.0
_ Rated head (m) 120,7
Project Cost (M$106): Dam - 486,77
B : Generathg equlpment 165.0
TL & SS'. : 206.0
Land - & resettlement dam
Land & reséttlement: TL & SS
Phy31cal contingancy. . 2D3.3
Total Project’ Cost 1,070.0




PEATURES OF HYDROPOWER PROJECT

5--94

Table 79 (3/8)
Basin No. 221 Catchment Area (km?) : 353
"Name of Dam: Papar Annual Discharge (106 3/y) 670
Purpose HY, WS
Description Unit . Features
Principal Features Gross storage (106 m3) 174.2
Active storage (106 m3) 108.5
‘Average outflow (m3/sec) 14.0
Full supply level {m) 190.0
Dam crest elevation (m) 193.0
Reservoir surface area (km?) 5.0
Dam volume (108 m3) :
Dam height C(m) -79.0
Installed capacity (M) 30.0
Annual energy _ {GWh) 131.4
Rated head {m) -143.7
Project Cost (M$108): Dam & pressure tunmmel 180.0
Generating equipment 11.1
TL & SS
Land & resettlement dam
Land & resettlement TL & 88
Physical contingency 56.3
Total Project Cost 247.4
Table 80 FEATURES OF HYDROPOWER PROJECT = (4/8)
Basin No. 224 Catchment Area_(kmz) 1,770
Name of Dam: Sook Annual Discharge (_106 m3/y): 1,746
Purpose : uy - S :
' Description Unit Features
Principal Teatures Gross storage (106 m3) 480.0
Active storage (106 wd) 398.0
Average outflow (m3/5ec) 43.2
Full supply level (w) 304.9
Dam crest elevation “(m) 307.9
Reservoir surface area (km?) 23.0
Dam volume (106 md) -1.19
Dam height - (m) 61.0
Installed capacity (MW) 40.0
Annual energy {(GWh) 175.2
Rated head (m) 37.4
Project Cost (M$10%): Dam ' - 50.0
' ' : Generating equipment 41.0
TL & 58
Land & resettlement dam - 23.0
Land & resettlement TL & 8§ '
Phy51cal contlngency : 36.0
Total Pro;ect Cost
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Table 81

FEATURES OF HYDROPOWER PROJECT (5/8)

- Basin No. 294 - Catchment Area (km?2) 1,893
Name of Dam:’ Upper Padas Annual Discharge (106 m3/y): 1,944
Purpose f - HY _

' ' _Description Unit Features
Principal Features Gross storage (lO6 m3) 500:0
Active storage- (106 n3) 300.0
Averape outflow (m3/sec) 43.1
Full supply level (m) 492.0
Dam crest elevation (m) 493.0
Reservoir surface area (km2) 94
Dam volume (106 m3) 6.5
Dam height {m) . 120.0
Installed capacity (MWD 170.0
Annual energy (Gih) 742.0
Rated head (m) 250.5
Project Cost (M$106): Dam & pressure tunnel 591.1
: Generating equipment 70.5
TL & $$ 29:0
Land & resettlement dam
Land & resettlement TL & S§
Physical contingency. 177.4
Total Project Cogst 868.0
Table 82 _ FEATURES OF HYDROPOWER PROJECT (6/8)
Basin No. 244 Catchment Area (km?) ;1,250
Name of Dam: ‘Konowit Annual Discharge (106 m3/y): 2,755
Purpose : uy
Description Unit Features
Principal Features : ' Gross storage _(106 m3) 1,657.0
Active storage . (108 m3) 1,175.0
Average outflow - (m3/sec).
Full supply level {m)
Dam crest elevation . . (m)
Reservoir surface area . (km2) -
Dam volume (06 wd) 3.0
Dam height o () 83.0
Installed capacity. . (W) 110.0
Annual energy - (GWh) 485.0
Rated head s - (m) 67.0

Project Cost (M$106): Dam : o .194.0

R Generating .equipment 109.0
TL & SS . : 51.0

Land & resettlement. dam 2.0

Land & résettlemerit TL & .85 30:0

Physical contingency 116.0 -

Total Project Cost -502.0
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FEATURES OF HYDROPOWER PROJECT  (7/8)

Table 83
Basin No. : V4l Catchment Area (km2) T 440
Name of Dam: Batang Sekrang Annual Discharge (106'm3/y):' 970
Purpose ’ .
Degcription - Unit Features
" Principal Features, Gross storage (106 ‘m3) ©636.0
Active storage = . - (106 m3) 451.0
Average outflow : (m3/sec) B
Full supply level {m) 162.0
Dam crest elevation {m) 165.0
Reservoir surface area (km?)
Dam volume (106 m3) 2.6
Dam height (m) 95.0
_ Installed capacity (MW 46.0
Annual energy (GWh) 210.0
Rated head {m) 70.0
Proiject Cost (MSer): Dam : 160.0
Generating equipment 25.0
TL & S5 : 44.0
Land & resettlement dam 2.0
Land & resettlement TL & 58 8.0
Physical contingency . 71.0
Total Project Cost 310.0

FEATURES OF HYDROPOWER PROJECT (8/8)

Table 84
Basin No. : 244 Catchment Area (km?) 1 360
Name of Dam: Upper Batarg Ad Annual Discharge (_106 m3/y): 793
Purpose _
. ‘Description: . - Unit Features
Principal Features Gross storage ' (106 m>) 461.0°
' Active storage ' C (100 m3) 340.0
- Average outflow - (m3/sec)
Full supply level - = {(m) 220.0
Dam crest elevation (m) 223.0
Reservoir surface area (km?) :
Dam volume - (106 m3) 4.2
Dam height (ni) 113.0
Installed capacity - - (MW) 48.0
Annual energy (GWh) 225.0
_ _ Rated head o "(m) 90.0
Project Cost (M$108): Dam i 255 0
T Generating equipment 26‘0
. TL & S8 ’
S Ry ; 44.0
Land & resettlement dam 2.0
Land & resettlement TL & S8 24f0
Phy51cal cgntlngency- 105.0
Total Project Cost 4560
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Table 85  HYDROPOWER POTENTTAL AT SONG UPPER
- AND TOWER STTES IN SARAWAK

Catchment Annual . F,S.L Rated 1Installed

Annual

Area Inflow Head Capacity Energy

Site (km?)  (106m3/y).  (m) _(m) Mw)_* (GWh)

Song Upper 35,200 87,700 122 (400') 89 3,870 © 16,900

_ _ 137 (450")%%x 101 4,400 19,300

Song Lower 38,600 96,300 ~91.5 (300") 77 . 3,080 13,500

- 107 (350')%% . 65 3,670 16,100
Remarks; * : 12 hours of daily operation

*%:. Physical maximum scale
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