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L. INTRODUCTION:

The objective of the Nationdl Water Resources Study is to recommend
a comprehensive and integrated approach of water resources development
and uée plans and improvement of legal and administration: system to
ensure efficient use of water and other natural resources for the target
year of 1990 and 2000 based on the national short and 1ong term develop-

ment pollcy.

_In the study process, identification survey of the present and
future problems and needs in water resources development and use was
done at first, and the present conditions of the use of water tesources
and water-related facilities and the results of interview survey with
the officials were compiled in the Sectoral Report Water Resources

Engineering.

The objective of this report is to project and to evaluate the
future problems and needs through the whole Malaysia with unified
methodology and criteria, and to recommend the oomprehen51ve and optimum
development countermeasures for. the year 1990 and 2000.

ThlS report presents at flrst prOJectlon of water demand and supply
balance between .surface water resources and withdrawal.of water demand,
which was simulated by a computer data processing system by :Basin or
specified area in the year 1990 and 2000. Secondary alternative multi-
purpose water source: development plans, which comprised: ‘domestic and .
industrial water. supply, agriculture and irrigation, flood control and
river maintenance, groundwater, ‘and hydropower generdtion, ‘were’ ‘made
taking into account watershed management, inland fishery, inland naviga-
tion, waterwrelated recreation, water pollution abatement, aqua-ecology
and people s-amenity. The . optimum development and use” plans*for 1990
and 2000 were made in trial and error process taking-the-éomments of the
officials into account, but ‘only the final results are presented in this
report. Environmental quality and adverse effects due to construction
of dams and reservoirs were also identified not -only qualltatlvely but
also partlally quantltatively. B w



2. WATER DEMAND AND SUPPLY BALANCE PLANNING

2.1 Methodology for Planning
2.1.1 Alternatlves

The obJective of water demand and supply balance ‘planning is to
provide water source facilities, such as dams, headworks, barrages and
water diversion facilities in order to turn out the basin water deficit
in the target year to be zero or surplus under uniform design criteria.

Water source facllltles have been planned under the prlnc1ples as
follow:

(1) Demand of surface water be supplied by natu1a1 river run-off
as practically as p0531b1e,.

(2) The river minimum”maintenanCe flow be kept all the year at
least to maintain-water depth, flow velocity, water quality,
channel stability, aquatic eco-system, ‘fishery, navigation,
operation and maintenance of intakes and river facilities, sea
water repulsion,- prevention of estuary clogging by silting,
conservation of groundwater, prevention of riparlan land and
people's amenity;

(3) Water deficit be replenished with: regulated surface water by
dams or water diversion facilities under a given risk of
drought level; and )

(4) Alternative water source facilities be formulated only in the
river basins where tle river utilization ratio becomes larger
than or equal to 10%. The river utilization ratio is the ratio
of annual source water demand to annuaI mean natural runoff in

"a Basin.

If the water deficit, which is projected in Section 2.4, cannot
be replenished with regulated water, the minimum maintenance flow would
be reduced or a river water would be dried up and eventually water demand
would not be satisfiled with different risk of drought level.  However,
quantity and frequency of water deficit will be minor if utilization
ratio of river water is very low. Dam facilities will not be necessarily
required if reduction of the minimum maintenance flow is minor. The re-
sult of water demand and supply balance analysis showed that the peak
water withdrawal for domestic and industrial water supply and irrigation
scheme was generally less than a half of the desirable minimum maintenance
flow when the utilization ratio of river water was less than 10%.

Three alternativgs'were accordingly prepared for water demand and
supply balance planning taking into account the river utilization ratio,
the minimum maintenance flow and three different risk of drought level.



Guaranteed B
Risk of Mindimum

Alternatives .Drought Level ' Mainﬁénance Flow
Bl 1L/N o Q97%
B2 2/ 097%
B3 - 3/N Q7%

1/8, 2/N and 3/N mean the driest, the second and.the third severe
drought respectively in N year simulation record period. The simulation
period differs from 10 years to 16 years by Basin depending on the record
period of discharge as shown ‘in Table 1. 'Q97% means the desirable mini-
num maintenance flow which has been assumed to be the daily mean dis-
charge with the probability of exceedence of 97%. The given condition is
that no water deficit is permitted under given risk of drought level if
the river ntilization ratio is Targer than or equal to 10%, but no water
source facilities are provided if the ratio is less than 10%Z, In other
words, the minimum maintenance flow is not fully guaranteed and no re-
plenished water 1s provided for any drought in river basins where utili-
zation of river water is minor. ' '

9.1.2 Planping criteria

The risk of water demand and supply Balance has been evaluated by
Basin in terms of the total annual deficit, and the required regulated
water source has been planned by Basin by alternative with the following
planning criteria. o ' : :

(1) Déta used

(A) Map

Location of dam Sltes, catchment area, reservoir storage
volume, reservoir surface area, eleyvation of gtructures and
water surface and dimension and works quantities of structures
(dams, barrages, canals, tunnels, roads) were all measured in
“the maps of 1/50,000 scale. The minimum contour interval is
~different in respective map. ‘It is 50 feet (15.25 m), 100 feet
(30.5°m) or 250 feet in plane and 50 feet, 100 feet, 250 feet,
500 feet or 1,000 feet in mountainous area. The error limit
of the measured values, therefore, is not necessarily constant.

(B) Discharge
ThéLdéilyidiscﬁéfgéndf less than 0.1 m?/s could ﬁof'be méasu;éd‘
The “annual discharge were compiled from daily discharge and
therefore the annual discharge of less than 3 x 106 m3/y may be
within the range of error. :



(2) Priority of development

Priority of developing potential sites has been determined based on
the following preference: '

(a) nearest river system,
(b) nearest sites to the location of demand,
(¢) higher investment efficiency, and

(d) storage capacity be large enough to meet the demand (required
' net supply capacity).

(3) Requ1rement of developed regulatlon water

The requirement of developed regulatlon water is Composed of re-
quired net supply capacity and compensation discharge for shutdown at a

site.

The reguired net supply capacity is expressed in annual ba51s (unit:
106 m3/y). It is assumed to be 1.2 times of the estimated water deficit
for the basin where seasonal variation of water demand is large, like
major irrigation area or 1.1 times for the basin where constant rate of
water demand is anticipated through a year, like domestic and industrial
water demand area.  The surplus capacity of 10% or 20% of the estimated
deficit is assumed in order to adjust the discrepancy between constant
draft operation and variable draft reservoir operation because the
storage capacity required for the net supply capac1ty is estimated u51ng
the constant draft curves.

The compensation discharge, which is required for avoiding shutdown
of discharge and maintaining the minimum water requirement in downstream
of a dam site, is assumed to be 20% of the annual Inflow at the catchment
of a site (theoretically this varies depending om the river conditioms).

{(4) Return flow

Net water w1thdrawal is used for the basin water balance if the in-
take of ivrrigation or water eupply is in the effective area; accordlngly,
return. flow is taken into account.  The total source water demand is
used if the location is in the ineffective area.

(5) Extension of target year

Ultimate target of the net gupply. capacity was set for the year 2000
but the capacity has been.extended up to the demand of the year 2005 when
the required cap331ty ‘of 2000 is extremely smaller than the possible
maximum net supply capacity of a 51te.



(6) Development efficiency

The active storage (Vs) which is required for yilelding the required
repgulation developed water (Wdt) is estimated by using development effi-
ciency (Ed) as follows:

Active storage. (Vs)} = Wdt/Ed'

Development efficiency is given by
Ed :'developed water (draft)/active storage capacity

The development efficiency is obtained from the non-dimensional
storage—-draft curves.

(7N Active storage and Héad storage
The storage capacity is defined as:
Gross stofage capacify (Vg) = Active storage capacity (Vs)

+ Dead storage volume {(Vd)

The maximum active storage capacity is assumed to be around 70% of -
the annual inflow at a dam site. Dead storage volume is assumed to be
2.0 x sedimentation volume of 100 years. If the maximum gross storage
is limited by the physical possible maximum-capacity (topographic con-
straint)}. = The active storage is given as; Vs = Vg -~ Vd.

Tﬁe sedimeﬁtation volume is assumed to be 20,000 m3/km2 /100 years
for Sabah and Sarawak.

(8) Freeboard

The ‘freeboard from the full supply level (F.S.L or H. W L) to the dam
crest elevation is assumed to be at least 3.0 m.

(9) Investment efficiency - .

Investment efficiency of water résources dévelopment (EI) is used
for evaluation and screenlng the best dam sites from the potential dam
sites,

The investment efficiency is given as:

B - . X 1
EL = ) -
. Ed x Es x cd

wd Vs _ Vd
Vs ©Vd © CD

wd

5-5



where, Ed: Water development efficiency o

Es: Storage efficlency

Cd: Development cost:per unit dam volume

Wd: Developed water (or net supply capacity)

Vs: ~Active storage capacilty

vd: Volume of dam body o _

CD: Development cost = dam construction cost + cost of
' ' water diversiom facilities in-

cluding 0&M- cost

(1, Non—dimensional storage'cutves

Non—-dimensional storage-draft curves were made by comstant draft
operations for the selected 12 key stations. The 5-day mean natural dis-
charges of different perlod from 10 to 20 years were used depending on
stations under cycle period concept. The record was repeated two times
connecting the top of the record to the end in order to find the largest
storage requirement which could fall in the period between the end and
the top of record.

The nonfdimensional storage-draft curves are shown by key station in
Figures 3 & 4.

2;1.3 Criterie of oost esfimates
{1) . Construction cost
Constrncfion coet is composed of
_ (a) direct cost,

{b) engineering and : assumed to be minimom'lqz of the direct
administration” cost, depending on the project scale:

(¢) 1land acquisition and resettlement:, -and

(d)} Physical contingency: assumed to be 30% of the total of a, b
and . : ' S

(2} Construction period and disbursement schedule

All the construction period is assumed to be 5 years. The disburse-
ment schedule of 5 years is assumed to be 10% of the total cost for the
first year, 207% for the second year, 30% for the third year, 30% for the
fourth year and 10/ for the fifth year.

3) _Estimate of direct cost

" The standardized values shown in Tables 2-6 are used for estimation
of direct cost of dams, tunnels, canals, pipe lines, pumping stations,
and access and relocation roads. These values are made from the data
obtained in the cost survey (see Sectoral Report, Water Resources
Engineering).
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2,2 Water Demand and Supbly Ralance Analysis
2.2.1 Calcuiation model of water balance analysis

The purpose of the water demaud and supply ba]ance analysis is to
project and evaluate the water balance of the whole East Malaysia by
Basin Wlth uniform. crlteria

Water demand and supply balance is. projected for the 47 Baslns at
the target years, 1990 and 2000 in the following procedure. The daily
mean discharge records of the selected 41 gauging stations were examined
and 12 reliable consecutive daily discharge records were selected at
first- (see Sectoral Report, Meteorology and Hydlology) The measured
daily mean discharges of 12 gauging stations are converted into the nat-
ural daily mean dlscharge taking into account the water withdrawal of
irrigation, domestic and industrial water supply and reservoir regulation
effect during the measured period. The water demand and supply- balance
is estimated by each 5-day period in order to visuarize the seasonal
fluctuation clearly, especially for 1rr1gat10n demand The daily mean
d1scharge records therefore were compiled in 5~ ~day mean dlscharge records.
The 12 matural 5~day mean discharge records at the gauged river basins
were projected to the ungauged river ‘basins of 31m11ar hydrogic condition
in proportlon to the basin runoff (ralnfall minus ‘loss). The net water
withdrawal in the target year, which ¢orresponds to the. pro;ected water
demand excluding the return flow, is estimated for each Basin, The mini~
mum river maintenance flow is also taken. into account. The water demand
and supply balance is. evdluated in terms of water, def1c1t.; The water
deficit -is given by the sum of the natural 5= day mean dlscharge and the
sum of all the water withdrawal and the minimum river maintenance flow.
That is, the water deficit. (DTJ) is glven by the f0110w1ng formula:

DTj = NFj + RT - (MT + AT) - QM

where, DT} 7Water def1c1t in the given j Basin, 5- day mean (m3/%)

NBJ. Natural 5 day mean dlscharge in Lhe glven j Basin
B (m3/s) _ _ _
RT : Rogulated £low in the projected year (1990 and 2000),
reservoir operated discharge and dlver51on water
(m3/s) in j Basin : g
 MT ' Net domestlc ‘and 1ndustr1al water w1thdrawal in the
_projected year (m3fs) in j Basin’

AT : Net 1rr1gat10n water withdrawal in the prOJected year
(m /8) in’ i Basin : :

i'QM_g__Mlnlmum rlver malntenance flow (m3/s) in 1 Basin
DTJ is the average water . def1c1t in the given perlod of 5 days. (A't).
The total water deficit, of ‘the j EaSLn (TDTJ) during a certain period {t)
is thelefore glven by .

TpTj = frorg - A



MT and MW were projected in the Sectoral Report, D&l Water Supply.’
AT and AW were projected in the Sectoral Report, Irrigation Water Demand.

The regulated flow in the projected year (RT) is assumed to be zero
in order to filgure out the condltlon when no regulatlon reservoir is pro-
vided for the target vear.

The total watér deficit of.the i Basin (TDTH) during a certain peri-
od (t) is consequently given by

oy = Jtory - de
= fE(NF] - MT - AT - QM) dt

The calculation output {(deficit) is shown by plus (+) when the value
(PTj) is minus (-). The surplus is expressed in minus,

The 5-day mean discharge'(NFj) ig more precisely given as:

1§

Naturél flow in the given j Basin (m3/s)
AMj _,l AN

N

5% Goj ¥ Roy ¥ oy’

where, N5 3 MF5 + MH - AW + RF :
= Natural 5-day mean dlscharge at the standard gauglng
station (m3/s) :

NF3

]

MF5: Measured flow at the Standard gaug1ng statlon, 5- day
mean dlscharge which is compiled from daily discharge

C (m3/s)
MW : Net domestic and *ndustrlal water w1thdrawal in the
measured period (m3/s) _
AW 2 Neg irrigation water withdrawal in the measured period
(m>/s) :

RF : Regulated flow in the measured perlod (m3/s)
hopj: Effective catchment area at the gauging station of the
j ‘Basin (kmZ)

A{j: Dffective catchment area of the j Basin at the i point
of the water balance calculatlon (km2), the catchment
area at the river mouth is defined as Aty

Roj: -Annual mean ba31n_tainfall for the gauging station
(mn/y) of the j Basin

Rij: Ammual ‘mean basin ralﬁfali for the tatcbment at tHe i
point of the water balance calculation of the j Basin

(mm/y)

foj:. Mean:runoff coeff1c1ent fof the gauglng statlon of the
j Basin

fij: Mean runoff coeffic1ent for the catchment at the i
point of the water balance caleulation of the j Basin
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2.2.2 Basin divetsion and effective area
(1) Basin diviaibn

The States of Sabah and Sarawak were divided into 47 divisions of
Baging" for the purpose of engineering study. Sabah was. divided into
26 Basins and Sarawak was divided into 21 Basins. The Basin number, the

name of Basin, the catchment area of each Basin are shown in Table 7.
These Basins are shown in Fig. 1. The administrative divisions of the

two States are shown in Flg 2

The Basin boundaries .were dellneated and the catchment area was
measured on the map of 1/500, 000 scale based on the following criteria:

{a) The Basin boundary is watershed;
(b} Each Basin is a river system or a group of river systems; and

(¢) If an international boundary crosses a river basin, it is
adopted as a Basin boundary;

In most cases, the Basln boundary c01ncides with the adminlstrative
boundary of Residency, Division and or Distrlct in case of Sabah and

Sarawak.
{2) Effective area of Basin

An area of a Basin of which surface water can be practlcally used
for the putpose of domestic and industrial water supply and irrigation
schemes is defined as"Effectlve ‘Area’' in Lhis study.. That is, the Basin
catchment was: divided into effective and 1neffect1ve areas. The border
between effective and ineffective area is denoted as a broken line '
o aa ) in Figs. 5-15. It is assumed that no intrusion of sea water
was observed in the upstream of the border. This line was drawn based
on the information from DID and PWD and study rEports "~ The effective
area is shown in Table 7. : ' '

The défihitibn of the border line-is_aasumed;mbre precisely as-
follows: ' '

{a) ”The upstream catchment from ‘the 10Weat ond sites of dams
headworks, barrages or intakes for 1rr1gat10n, ‘water supply
and/or hydropower be effectlve,

(b) The area of the 1arge scale 1rr1gat10n schemes of which Lhe
~return flow cannot be used, for. example the flow Which is
planned to be dlrectly dlscharged to the sea, be ineffectlve-

(c) The area of the dralnage schemes of whlch the return flow can
not be used dependlng on the direction of dralnage channels,
the locatlon of rivers and the topography be 1neffectjve,



(d) The swamp area of which discharge cannot be used because of
inadequacy of water quality and/or topographlc condltions be
tneffective; dnd

(e) If the area is fallen outside the above-mentioned four catego—
ries and is located withln 5 km along the coastal llne, it be
ineffective.

2.2.3 Minimum river maintenance flow

Two cases of the minimum river maintenance flow have been estab-~
lished as alternatives. One is the desirable minimum maintenance flow
which has been assumed to be the daily mean-discharge with the probability
of exceedence of 97% .(Q97%). ‘The other'is'the essential minimum mainte-
nance flow which has been assumed to be the daily mean discharge with the
probability of exceedence of 99% (Q99%). Table 8 shows the assumed
minimum maintenance flow in the effective area by Basin. ' '

Q97% and Q99% are the dlschargeé with probability of exceedence of
97% and 99% of the daily mean discharge series of the record period respec-
tively. HNo missing data was 1nterpolated for the probablllty calculatlon

2.2.4 Water demand and supply system diagrams'

All the Bas1ns, rlvers, demand centers of cities, dlstricts and
irrigation schemes and supply fac111t1e5 are expressed in models under
uniform criteria as shown in the Water Demand and Supply System Diagrams
of Figs. 16~ 24 in order to clarify the spatlal condition of demand and
supplv balance

_The location of the major intakes ds' assumed to be:the demand center
of cities and major irrigation schemes if the intake sites are known.
The location of demand center of district is assumed to be the gravity
center of a district area., The gravity center of an area of mwinor irri-
gation schemes 1s assumed.to be the demand center of a mlnor irrigation
scheme when intake sites are unknown.

Numbering of notation bystem is applied for States (Table 93,
Basins {Table 7)), Prospectlve cities (Table 10), Districts (Table - 11)
and Irrigation major and minor schemes in order to show 1n the system
diagrams and to process the data by a computer system.

2.3 Preliminary Evaluation of Water Deménd:aﬁd Supply Balance
2.3.1 Water balande‘of'natural water resburcés

Tahle 12" shows the baqln mean annual ralnfall and runoff by 3351n
which were eetlmated in the Sectoral Report Meteorology and Hydrology
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The anmual hydrologic water balance: among vainfall, evapo-t¥anspiration,
deep peércolation and surface runoff are estimated by Basin as shown In
Table 13. The bhalance of Sabah and Sarawak 1s compiled as follows:

Total Coe © Mean Evapo-  Mean Deep* . Mean

Catchment Mean " tran- Percola-: Surface
Area(km?) Unit Rainfall spiration - tion Runoff
Sabah . 72,850 i 2,663 - 926. . 189 1,548
109 w3/y  194.0 67.5 13.8 112.8
Z 100.0 - " 34.8 7.1 58.1
sarawak 124,449 mm - 3,828 . 1,125 243 2,460
E 109 m3/y  476.4 ~139.9 30.3 306 .2
% 100.0 S 29.4 6.4 64 .2
Whole East 197,299 m 3,398 - 1,051 224 . 2,123
Malaysia 10% m3/y  670.4 207 .4 44.1 418.9
% 1000 30,9 6.6 62.5
Whole 131,680 . mm 2,426 1,155 155 1,116
Peninsular _ 10% m3/y 319,4 152.1 20.4 146.9
Malaysia % 0.0 47.6 6.4 46.0

Remarks; # denotes groundwater recharge

The values of Peninsular Malaysia are-shoﬁn f0r-comparison.rffhé deep
percolation was estimated in the Sectoral Report, Groundwater Resources.

2.3.2  River utilization ratio in 1990 and 2000

The river utilization ratio, which is the ratio of the anmual source
water demand to annual surface runcff in effective area, are estimated
by Basin for the year 1990 and 2000 in order to imagine the future condi~
tions of supply capacity of surface water (i.e. river water).  The -
results are shown in Table 14 for the case.of tdrget economic growth and
Table 15 for the case of 1ower economic growth S :

The source demand of domestlc and 1ndustr1a1 Water supply was
projected. in the Sectoral Report, Domestic and Industrial: Water Supply..
Therein -the D&I water demand was prOJected w1th the follow1ng conditions:

(a) all the urban water demand be supp]led by surface water borh
: {for 1990 and 2000, and o

(b) for rural water supply, the ratlo of surface water to ground—
water be assumed both for 1990 and 2000 as;

- IR Surface water Groundwater
- -piped supply : e70% o 30%

. non-piped supply - - 60% S 407
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The demand in the ineffective area is assumed to be dlvprted by
pipelines or canals from the eftectlve area. :

The irrigation water demand was estimated assuming the same crop
yield for both cases of target and lower economic growth in the Sectoral

Report, Irrigation Water Demand.

The Basins of which river utilization ratio is projected to be
higher than 1% in the case of the target economic growth is as follows:

River Utilization

Ratio (%) State : Basin No.
1~ 4.9 Sabah 207, 212, 216, 217, 219, 221,
222, 223, 224

Sarawak 232, 246

'5~9.,9 Sabah 218
Sarawak -

= 10 Sabah 220, 225

Sarawak 231

The area is specified to the major 19 towns of which population is
projected larger than or equal to 10,000 in 2000 and irrigation area,
and the river utilization ratio of the specified sub-basins are esti-
‘matedin Table 16 for the.case of target economic growrh and Table 17
for the case of lower economic growth. :

The results show that the water resources will be still abandant
in the future as a whole in Sabah and Sarawak. However, the river
utilization will become locally very high in the prospective major towmns
and major irrigation area along the coastal line in Sabah and Sarawak.

2.4 Water Demand and=Supply Balance in 1990 and 2000

The result of basin water demand and supply balance does not
represent the actual deficit because the amount of water demand is
relatively too small comparing fo the size of each Basin in case of
Sabah and Sarawak, Therefore, water demand and supply balance is
focused on the 7 specified sub~basins where the river utilization ratio
become higher than or equal to 10% in 2000,

‘River Utilization

Basin No. Name of Sub-basin Ratio in 2000 (%)
207 C201 Tawau ' 25
212 €204 Sandakan B ' 61
217 €206 Kudat : 10
218 €207 Kota Belud and Irrigatlon 10
(Kadamaian) o
220 €208 Kota Kinabalu (Moyog) .. .28
225 €211 Labuan ' 25
231 G214 Miri 21
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As the water demdnd and supply balance program is made based on the
source demand for the sub~basins of Sandakan, Kudat and Labuan, the
deficits of these sub-basins are not ‘estimated. The deficit 1s estimated
only for 4 sub-basins, Tawau, Kadamaian, Labuan and Miri. The sub-basius,
Tuaran and Papar are subject to inter-basin water usage and, thus the
deficit is estimated, o

The water demand and supply balance of each 5-days has been computed
using 5 day discharge data for at least 10 years (see Table 1) for the
target year of 1990 and 2000. The 5 day water. deficit has been summed
to monthly and annual deficit, and the largest annual deficit (i.e. the
most severe drought, drought level 1/N) in N year period, the second
(2/8), the third (3/N), the fourth (4/N) and the fifth (5/N) are tabu-
lated with the year occurred in Tables 18 {(Target case) and 19 (Lower
case) for 1990 and 2000. The desirable minimum maintenance flow (Q97%) .
is applied for these cases.
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3. WATER SOURCE DEVELOPMENT PLAN

3.1 Water Demand and Supply Balance Alternatives

3.1.1 Problem area with regard to surface water development

(1) .The 7 sub-basins set out below are identified as problem area

(2)

(3)

where the river utilization ratio will become higher than or
equal to 10% in 2000 and water shortage is projected (see
Table 16).

(a) Tawau (C201) in the Tawau river basin (Basin 207),

{b) Sandakan (C204) in the Silibukan river basin (Basin 212),
(¢c) Kudat (C206) in the Bongan river basin (Basin 217),

(d) Kota Belud (€207) and irrigation minor schemes in the
Kadamaian river basin (Basin 218),

{e) Kota Kinabalu (C208), Tuaran and Papar (C209) area in
the Tuaran (Basin 219), Putatan (Basin 220) and Papar
{Rasin 221) river basins,

(f) Labuan (C211) in the Labuan island (Basin 225), and

(g) Miri (C214) in the Miri river basin (Basin 231).

The dams in operation and under construction are listed in
Table 20 for Sabah and Table 21 for Sarawak.

The river utilization ratios of the sub—basins'listed below
are all smaller than 10% in 2000 and no regulation dam is
required for these area:

(a2} Ranau {C205) in Basin.ZlB,

(b) Benkoka irrigation scheme in Basin 216,

{c¢) Minor irrigation schemes in Basin 217,

(d)  Keningau (C208), Tambuan and minor irrigation schemes in
Basin 224, '

(e) Limbang (C212) in Basin 229,
(f) Marudi (C213) in Basin 230,
{g) Bintulu (C215) in Basin 236,

(h) Sibu (C216) and Sarikei (C217) in Basin 241,
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{4

(5)

(6)

(7)

(8)

(1) Serian (C218) in Basin 245; and
(i) Kuchiﬁg {€219) and Irrigation scheme in Basin 246,

The water shortage experienced in the foregoing area was caused
by the insufficient supply capacity of treatment or distribu-
tion facilities. The quantity of the surface water is con-
sidered enough in 2000 in these area except minor local area,

The Timbangan dam (9.1 x 103 m3/d =2 MGD) 1s under construc-
tion for water supply to Semporna (C202) in the Kalumpang river
in Basin 208. PWD projected that the supply capacity would be
enough by the year 2000. The river utilization ratio of the
sub-basin is estimated to be 3.3% in 2000, and therefore no
additional water source facilities are required.

The Sepagaya dam. (9.1 x 107 m3/d) is under construction for
water supply to Lahad Datu (C203) in the Silibukan river in
Basin 209. The supply capacity was planned to meet the demand
of up to 2000 by PWD. - The river utilization ratio of the
sub~basin is estimated to be 8.7% in 2000, and therefore no
additional regulation dam 1s required.

Though the river utilization ratio in Keningau and Tambuan
area is estimated less than 107 in 2000, water shortage could
locally be met in dry season if irrigation water usage is done
exactly following the DID plan.. No water source facilities are
proposed from cost-benefit viewpoint.

The Sika reservoir is under construction for water supply to
Bintulu in the Sika river, the tributary of the Sibiu river.
The supply capacity (38.6 x 103 m3/d = 8.5 MGD) was planned

to meet the demand of up to 1995 by PWD, The river utilization
of the Sibiu river, the tributary of the Kemena river is esti-
mated to be 8.5% in 2000, 'Therefore no additional water source
facilities are required by 2000. .The water demand of ‘Bintulu,
however, will be variable in the future because the industrial-
ization program is uncertain. One of the following alternative
measures will be required if:the growth of water demand is
larger than the projected value by the Study:

.(a) construction of a regulation dam in the main stream of

the Sibiu river, and

(b) construction of a new intake at the upstream of Sebauh
in the main stream of the Kemena river and a diversion
pipeline system of about 30 km from the intake to Bintulu.

The river utilization ratio at the Batu Kitang intake is -
estimated to.be 3.5% in 2000 if all the domestic and industrial

‘water demand of Kuching is.- assumed. to be withdrawn from the
.site. The intake is in operation at .about 15 km upstream from

Kuching in the S$arawak Kiri river and its catchment area is



about 735 km2. That is, 4t is concluded that no regulation dam
is required for the Kuching waterx supply scheme still in 2000,

Qevere water pollutlon due to sewage from the residents,
however, is projected in the upstream of the intake, and PWD
recognizes the need of countermeasures. If the intake is
moved to the far upstream site where pollution is not severe-
as one of the alternative measures, construction of the Bengoh
dam would be required. The maximum possible development scale
of the damsite 1s estimated as follows:

{(a) catchment area : 126 km? .

(b) anﬁual inflow + 344 x 109 m3/y,

{c) net supply cépacity . 275 x 10° mély, ana
(d) hydlopower : 7 MW, 30 GWH.

(9) 1In the water balance andlySls and water source planning it dis
theoretically assumed that the water ‘demand of Sarawak drought
prone area, located in the ineffective area, is diverted from
the effective area by a pipeline. It is, however, obvious
that it is practically. impossible because of cost constraint.
The countermeasures for the drought prone area is presented
in the Sectoral Report, Domestic and Industrial Water Supply.

(10) Groundwater development is studied in the Sectoral Report,
Groundwater Resources as a alternative source which is com~
parable with surface water.

3.1.2- Alternative water source development plans

Alternative water source facilities are planned for the 7 problem
area identified in Section 3.1,1 so that the required regulation capacity
(i.e. required supply capacity) can.be replenished by the net supply
capacity of the existing facilities and the additional net supply capaci-
ty of the newly propoesed source fac¢ilities by the targel year.

The net supply capacities of the reservoirs which were in operation,
under construction, or commissioned at the beginuning of 1982 are assumed
to be the existing net supply capacity in the alternative planning. The
major features of dams and reservoirs which are assumed to be existing
facilities are listed in Tables 20 and 21. The capacity of very small
facilities are assumed to be’ negligible. '

Alternatives Bl, B2 and B3 are planned by Basin or Sub-basin as a
minimum unit with the. planning criteria which” are presented . in-Section
2.1. The basin plans are extended to multi-basin plans by integration
of basin plans'depending on the conditions. . Possible combination of
reservoirs and diversion facilities of canals, pipelines and tunnels
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ig studied for each alternative and the optimum development plans are
proposed by alternative as shown in Tables 22 to 24. Inter-basin water
utilization is proposed for the following problem area:

(1) Sandakan in Basin 212; water diversion by a pipeline system
from Bagin 213 to Sandakan,

(2) Kudat in Basin:2l7; water diversion by a pipeline system from
the Milian river to Kudat, :

(3) Kota Kinabalu in Basin 220; water diversion by pipelines and
a tunnel from Basins 219 and 220 to Kota Kinabalu, and

(4) Labuan in Basin 225; water diversion'by:a submarine pipeline
from Basin 224 to the Labuan disland.

The locatidn of proposed water source facilities including dams
and diversion facilities are shown in Figs. 5 to 15 for the alternatlves
Bl and B2 which cover also the location of the alternative B3,

Location of citles, irrigation schemes and dams and route of
diversion canals, pipelines and tunnels are shown by a simplified model
as shown in Figs. 16 to 24 (see Section 2.2.4).

3.2 Recommended Water Source Development Plans
3.2.1 Selection of drought level for recommended plans

As is in Section 3.1.2 alternative water -source facilities are .
planned with the same risk of drought level for each altermative plan.
No distinction is made among irrigation schemes, domestic and industrial
water supply, rural water supply or hydropower generation. The risk of
failure .(or water shortage) of the alternative Bl (drought level 1/N)
is least, but the development cost is highest; that is, water vate
becomes high. :

In Malaysia, the facilities for domestic.and industrial water supply
have been designed for the drought -having the. recurrence interval of
30 - 50 years depending on the policy of each state. Irrigation schemes
have been planned for the drought with the recurrence interval of 5 years.

The recurrence interval (or probability) of each. drought. level 'is
estimated for different simulation period in Table 25, The probability
of exceedence of the alternative Bl is estimated to -be . 1/11 ~ 1/20 for
10-year simulation period, 1/14 - 1/26 for 13-year simuiation period
and 1/17 - 1/32 for lé6~year simulation period. For the alternative B2
it is estimated to be 1/5.5 - 1/6.7 for 10-year simulation:period. For
the alternative B3 it is estimated to be 1/4.7 ~ 1/5.2 for 1l3-year
simulation period and so on, : I : el
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The following risk level, accordingly, are applied to the recom-
mended water source development plans taking dinto account regional
peculilarity, purpose of major water demand, river utilization ratio,
cost~benefit and development priority:

oy

(2)

(3

The net supply capacity of water source facilities be deter-
mined agalnst the most severe drought ever recorded (i.e. 1/N
drought level) for a river system where demand for domestic
and industrial water supply is predominant;

It be determined against the second or third severe drought
ever recorded (i.e. 2/N or 3/¥ drought level) depending on
the simulation period of hydrological record for a river
system where irrigation water demand is predominant in case
of Sabah and Sarawak; and

Provided that structural measures of water source be required
only if the river utlllzatlon ratio is larger than or equal
to 107.

3.2.2 BRecommended water source development plang

The water demand and supply balance programs set out in Tables 26
to 32 and Fig. 25 are recommended for the seven problem-area.

The 7 water source development plans set out below are recommended.
The construction period and the major features are presented in Table
33. The location of dams and diversion facilities is shown in Fig. 26
for Sabah and Fig. 27 for Sarawak.

W

@

(3

The Tawau dam with active storapge capacity of 7 x 102 w3 in
the. upper reaches of the Tawau river..-(Basin 207) for the water
supply. to Tawau. The year of commission is 1992. The design

drought level is 1/10.

The Meliau dam with active storage capac1ty of 17 x 106 3 in
the Meljau river :(Basin 213) and the diversion pipeline system
of 120 km from the site to Sandakan for water suapply.  The
year of .commission is 1988 for the initial stage of pipeline
system and 1991 forthe dam. The design drought level is 1/14.
The supply capacity of the dam 1s determined for the source
demand of Sandakan and its suburban, not for the deficit of the
sub-basin because the effective catchment area of the existing
intake is extremely small comparing to demand, and potential
supply capac1ty is negliglble.

The Milauw dam w1th actlve storagé capacity of 5 x 106 m3. in

.the Milau river (Basin. 217) and the diversion pipeline system

of 30 km from the site to Kudat for water supply. - The year
of commission is 1988 for the pipeline and 1992 for the dam.
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The design drdught level is 1/13. The supply capacity of the
dam is determined for the source demand of Kudat and rural
because the potential supply capacity in the effective catch-~
ment of the Kudat area is negligible.

{(4) The Wariu dam with active storapge capacity of 8 x 106 w3 in
the upper reaches of the Wariu river of Kadamaian river system
“(Basin 218) for the irrigation scheme including the Tempasuk
North irrigation scheme (6,400 ha in 2000). The year of
commission is 1990. The design drought level is 3/13. Ground~
water potential is capable to supply the water demand of Kota
Belud still in 2000 with cheaper development cost than surface
water. ' : '

(5) The Papar dam with active storage capacity of 15 x 106 m3 in
the upper reaches of the Papar river (Basin 221) and the
diversion tunnel and pipeline system from the sgite to Kota
Kinabalu for water supply. The compensation and augmentation
water for the irrigation and domestic and industrial water
‘supply in the downstream of the site is also taken into account,
The year of commission is 1990, Integrated water usage of the
Tuaran {Basin 219), Moyog (Basin 220) and Papar (Basin 221)
rivers is taken into account. The design drought level ds
1/13 for Kota Kinabalu and 3/13 for the demand in Tuaran and =
Pdpar Basins. The Kota Kinabalu water supply extension project

"{Stage ‘1), a pipeline system from the Tuaran river to Kota
Kinabalu (54,000 m3/d, 19.7 x 106 m3/y) is under construction
and is scheduled to be completed by 1983, :

(6) The submarine pipeline system from the Padas river (Basin 224)
to Labuan (Basin 225) for water supply with net supply capacity
of 10 x 106 m3/y. The year of commission is 1988 for Stage 1
and 1993 for Stage 2. ' The supply capacity (12.3 x 103 m3/a)
of the. three dams under design stage is only taken into account
as. potential. surface water source. The average daily yield
of groundwater in 1980 (5 x 103 m3/d) is taken into account
as the groundwater supply capacity. o '

(7) The Iiku dam with active storage capacity of 3 x 106 w3 in
the upper reaches of the Riku river (Basin 231) where the PWD
intake is in operation for water supply to Miri. The year of
commigsion is 1989. The design drought level is 1/13.:

‘Table 34 shows the water source development plans under the condition
of lower: economic growth. : o : .

Tables 71 to 76 show the major features of. proposed: dams, such as
net supply capacity, active storage, gross storage, reservoir surface
area and breakdown of project cost. The values which are not available .
are kept as blank. '

5-19



4., HYDROPOWER DEVELOPMENT

4.1 Potential Hydropower
4.1.1 Previous studies

Though the potentlal hydropower has not been evaluated comprehen-
sively yet in Sabah, SEB evaluated that of 12 major sites listed in
Table 35. SESCO evaluated hydropower potential in Sarawak by the master
plan of power system developmeint -in 1982 (Ref. 2).

in the master plan study a total of 155 dam sites in Basins 29, 30,
41 with an installed capacity of more than 50 MW each and a combined
capacity of roughly 80,000 MW (for a plant factor of 50%) were identi-
fied in Sarawak. Of the 155 sites 51 mutually independent sites were
assessed to be able to be constructed. Their combined installed capacity
at a plant factor of 0.5 and annual generation were estimated to be
20,000 MW and 87,000 GWh, respectively. More than 90% of the generation
was estimated to be firm. The best 11 sites were selected for detailed
study and finally the Raja 284 (770 MW), Balu 037 (2,580 MW), Muro 040
(940 MW) and Bela 010 (260 MW) sites were proposed in the final report.
The major features of the 4 sites are shown in Table 36. The Raja 284
{(Midi Pelagus) site and the Balu 037 site were selected for the feasibility
study as the most attractlve sites.

4,1.2 Potential h?dropower in Sabah

In this study potential hydropower of some 80 gites  -in Sabah was
preliminarily examined using the maps of 1:50,;000 scale and the results
are shown in Tables 37 to 40. The total 1nsta11ed capacity including
mutually inclusive sites is estimated to be 2,590 MW. Of 80 sites, 56
mutually independent sites are selected and their total installed capacity
at a plant factor of 0.5 and annual energy are estimated to be 1,920 MW
and 8,600 CGWh/y respectively,

4.2 Planning Criteria for Hydropower Development
4.2.1 Demand forecast

The values of future.electricity demand projected by SEB or SESCO.
are used for the hydropower developmeni plan in 1990 and 2000. Tables 41
and 42 show the projected demand of annual energy, the maximum power aund
power factor for Sabah and Sarawak respectively up to 2000. Tables 43
and 44 show the future maximum demand of the major power stations . in
Sabah and Sarawak respectively. Further information with respect to
demand forecast is presented in the Sectoral Report, Power Market.
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in this study, future requirement of the maximum power demand is
estimated based on the following assumption:

(1) Requirement of hydropower development is the balance of the
maximum power demand and the supply capacity of the expansion.
program of generating facilities including facilities in
operation. The expansion programs of up to 1985, which were
prepared by SEB and SESCO, are presented in the Sectoral Report,
Power Market; and

(2) The hydropower requirement of a city or town be larger than or
equal to 50 MW. It is generally considered that thermal gener-
ation is more practical 1if the supply capacity is less than
S50MY.

4.2.2 Screening criteria of potentiél sites

The sites having potential maximum capacity of larger than 30 MW are
selected from the potential sites. Tables 45 and 46 show the selected
hydropower sites in Sabah and Sarawak respectively.

The value of invéstment efficiency, the rate of total inﬁestment
cost (W$) to the maximum power supply capacity (MW), is applied as the
minimum requivement for practical development in the screening process.
If the investment efficiency including cost of dams, power generation

facilities, transmission lines and substations is ]alger than about
M$8,000/kW, the site is rejected from economic viewpoint,

4.2.3 Critetia for estimating power output

The installed capac1ty of generator and the annual energy output
are estlmated by the follow1ng simplified crlterla

{1) 1Installed capacity
The installed capacity (power output) of generator (P) is given as:
= 9.8:C*Q-He (kW)

where, c Compoélt'éff1c1ency of generating equipment

(assumed to be 0,8)°

Q : Turbine discharge (m3/sec)

He: Effective hydraullc head (m) .
= F.S.L. - 245 (F.S.L. - L.W.L.) - Riverbed elevation

' F.5.L.: 'Full:sﬁpply level.(m).corrgsponds to the water'
~ level for the active storage capacity =
- L.W.L.: "Low water level (m)

= F.S.L..m %-(F;S.L.‘%'Riverbed'elevation)
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If the low water level is calculated to be lower
than the dead water level, the water level was _
assumed to be the game as the dead water level which
corresponds to the: sedimentation volume of 100 years
with the safety factor of 2.0.

The ‘daily generation time was assumed to be 12 hours/day. The
maximum active storage capacity was assumed to be the:storage which can
yield the annual draft of 100% of the annual inflow at a dam site. If
the maximum gross storage is limited by topographic constraint, the
active storage capacity is governed by the possible maximum gross storage
capacity.

(2) Annual energy
The annual energy (Ea) Is given as
Ea = P.T (kWh)

where, P: Installed capacity (kW)
T: Annual generation time (hours)

4.3 Hydropower Development Plans
4.3.1 Alternatlve setting criteria

In the master plan study of power system development by SESCO
(Ref. 2), power transmigsion from the State of Sarawak to the State of
Sabah or Peninsular Malaysia was proposed. In this study, however,
alternative hydropower development plans are formed so that the power
demand of each State is supplied by developing its own hydropower
reserves at first.

A development plan whlch makes it p0351ble to eupply independently for
each single demand center of which demand forecast is larger than 200 MW in
the year 2000 is also made in order to bridge the large scale development
required for a grid system of transmission line through a State. That
is, development of a power transmission grid system is desirable but the
commencement of such a large project is always involved in uncertainties
with respect to the huge amount of initial investment.

4.3.2 Hydropower development plans in ‘Sabah

Two alternatlve hydropower development plans are flnally formed-
‘based on the foregoing criteria in Section 4.2, One is for the largest
demand center, Kota Kinabalu, in which prOJected power demand is 148 MW
in 1990 and 460 MW in 2000. The other one is for Kota Kinabalu, Labuan,
Tawau, Sandakan and Keningau, in which projected power demand is 312 MW
in 1990 and 969 . MW din 2000. 1In the latter case, the demand centers
are isolated each other, and therefore a grid system of transwission line
is required to commect the five demand centers.
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