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ABBREVIATIONS OF MEASUREMENT

Length Time
mm = millimeter ' s = second -
cm = centimeter ' : _ min = minute
i = meter h ¢ = hour
“km = kilometer d = day
ftt = foot b4 = year
Area Other Measures
cme = squaré centimeter % = pef¢ent
m? = sguare meter 2 = degree
ha = hectare . - ! = minute -
‘km? = square kilometer oo = seﬁdnd'f
' °C = degree in centigrade
103 = thousand '
106 = million
Vo lume

emd = eubic centimetey : ST
1 = 1it = liter Derived Measures

kl = kiloliter _ _ - _
m3 = cubic mete; ' m3/s = cubic?mete: per second
: Mgd = million gallon per day
Mld = million litre per day -
Weight
mg = milligram .
g = gram : Money
kg = kilogram _ : . :
ton = metric ton o M$ = Malaysian Ringéit_"
' ' "M¢ = Malaysian Cent
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1. TNTRODUCTION

This ANNEX report describes the result of the regional water demand

and supply balance study carried out for the water demand and supply

balance plan.

The objectives of the study are:

(1)

{(2)

To project the water deficits by year and river at the intake
points and to evaluate the total deficit at the points in the

Region on the basis of 5-day.

To carry out the reservoir operation simulation to determine

the necessary storage capacity to supplement the deficit.






2. INPUT DATA FOR BALANCE SIMULATION

2,1  Runoff
2.1,1 Runoff simulation

Tank model is constructed at six hydrological stations to estimate
runoff for interrupted period. After éaribration in the viewpoints of
annual loss, monthly runoff and duration curve, runoff data at four key
stations was completed for 22 years from 1963 to 1984 through the
simulation study. 5-day natural runoff data is finally compiled at the
key stations, Then 6&-day runoff - in the sub-basin is estimated by
assuming that the rainfall loss of the key stations during the period of
1963-1984 evenly distributes in the river basin. Division of sub-basins
is shown in Fig. 1. Further, the natural runoff is assumed as the
generated runoff.data because water abstraction in the catchment area is

presently deemed insignificant.

Detail of method applied to estimate runoff is described in the

ANNEX D,
2.1.2 Available runoff

Mean annual runoff volume between 1963 to 1984 at proposed damsites
in the Region are summérized in Table 1. The total avai;able water
resources of the major rivers are approximateiy 2,760 'x» 106'm3 in the
Johor river, 510 x 10° @3 in the Benut river, éOO x‘106 m3 in the antian
Besar river, 340 x 106 m3 in the Pulai river,_310 x'lO6 m> in the Skudai
river, 270 x 109 m3 in the Tebrau river, 1,830 x 10° m3 in the Sedili
Besar river and 400 x 109 m3 in the Sedili Kechil ;iver, The figures

éhow the mean annual runoff at the estuary of the mainstream.
2.1.3 Return flow

The ratio of return flow of 20% for irrigation water and 40% of

domestic and industrial water are assumed.

J-~3



2.2 Water Demand

2.2.1 Demand projection of the Region

In order to examine water supply and demand balance at the point of

rmulate watef demand

t in 1983

intakes and source facilities, it is necessary to fo
at the points. The target year of the demand projection are se

(present condition), 1985, 1990, 1995, 2000 and 2005. As for irrigation.

water supply, the demand is projected on 10~day basis.

The domestic and industrial water demand in the Region is_discusse@
in ANREX B "DOMESTIC AND INDUSTRIAL WATER SUPPLY". The proje'ct:ed D&I
water demand in the Region is tabulated by district in Tables 2 apd 3.
Based on this table, the water demand at each intake point is estimated
for the target years as shown in'Table 4, 1In order to estimate the water

demand at each intake point the'following'aSSumptions were applied:

(1} ﬁUB intakes.Reé 8 (Gunong Pulai), R31 (Skudai} and R32 {Tebrau)
draw off water in the same volume as the present abstraction in
1983, _

(2) A new intake R42 of PWD will be constructed.by 1990 near Kg. Tai
Hong a little upstream of PUB Kota Tinggi intake (R4l) to abstract
ﬁhe Watef which exceeds the prsent intake capacity of 160 Mgd.

(3) PWD tapps 5.8 Mld of water from the Gunong Pulai System and 104 Mld
of water from the system of PUB Kota Tinggi (R41) except for 115
M1d in 1983,

2.2.2 Water supply td:Singapore

The abstraction by the PUB is assumed two different cases. One is
the case that it will reach 250 Mgd in 1995 and it will be kept consttant
thereafter. ~‘The other is the case that it will reach 160 Mgd in 1990 and
it is kept constant thereafter. The demand for the years between 1985
and 1990 for both cases and ones for the years between 1990 and 1995 were
interporated by the figures estimated in proportion to the whole wﬁter
demand of Singapore. The amount of supply to Singapore from 1983 to 2005

is summarized in Table 5,



2.2.3 Case'study for water supply and demand balance

As mentioned in Section 2,2.2, the water abstraction from the Johor
river by Singapore is assumed by two cases. In addition, two types of
development of water facilities are contemplated. One 1is Jjoint
development. The other is solo development, The alternative cases for

water balance and resources development study are summarized as below:

Case 1: The abstraction by the PUB will reach 266 x 10° m3/y or 160
Mgd in 1990 and 415 x 10% m3/y or 250 Mgd in 1995, After
1995,the abstraction is kept constant of 250 Mgd up to 2005,
The water resources and supply facilities are to meet water

demand in both the State and'singapore.

Case la: The abstracfion amount is the same as that in <Case 1.
However, water resources facilities are developed only to
secure the water supply to the State of Johor but water

deficit of Singapore is not looked after.

Case 2: The abstraction by the PUR will reach 160 Mgd in 1990. After
1990, the abstraction is kept constant of 160 Mgd. The water
resources and supply facilities are developed to meet -the

water deficits of both the State and Singapore.

Case 2a: The abstraction by the PUB is the same as that in cése 2.
However, water resources and Supply facilities are develéped-
only to secure the water supply to the State of Johor but

water deficit in Singapore is not looked after.

2.2.4 River maintenance flow

The river maintenance flow is the minimum discharge ‘which is
reguired to maintain water depth, flow velocity, water qdality,'
channel - stability, aquatic eco—system and scenery to the extent

'necessary for navigation, fish catch, operation and maintenance of
intakes, maintenance of river facilities, sea water repulsion,
prevention' of egtuary clogging, gongervation of ° groundwater,

preservation of reparian land and people's amenity.
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The river maintenance Llow ig the indicator of the allowable

limit of water withdrawal from the river, o be "gongidered in

allocating and developing water resources.

No special . environmental problem due to drought has been

recorded in the Region except for the Johor river. A simulation study

on the water quality was performed for each river assuming a low flow

of 99% in probability of - exceedance and the projected future BOD

concentration load to the river {See AMNEX F). if the result of the

simulation study entails a BOD concentration less than 5 mg/l at an
intake point for water supply or less than 10 mg/1 in the river flow,
the low flow of 99% in probability of exceadance was adopted as the

river maintenance flow of the river.

For the Benut river, the river water quality is considered to be
the decisive item to the river'maintenancé flow of this river., The
river water quallty is herein represented by the concentration of BOD.
In 2005, the BOD load is estimated at 0.92 ton/d in the downstream
reach which is the most critical in terms of water guality along the
river. Hydrological data shows that flow of 99% in probability of
exceedance is 2.3 ﬁ3/s in the same reach. A result of a simulation
study on BOD concentration attested that the BOD concentration at the
‘Simpang Renggam intake was 2.1 wg/l and.dne in the downstream reach
was 7.6 mg/l in the case that river is 99% in ?robability of
exceedance., In this respéct, the specific discharge of 0.4 m3fs/100
km? or flow of 99% probability of exceedance is proposed as the river

maintenance flow.

A similar simulation study entailed that the concentration of

BOD is 8.7 mg/l for ﬁhe Pontian Besar river and 5.6 mg/l - -for the Pulai

river at the most critical site of each river im 2005 if the flow with

99% dependability is adopted és the river maintenance flow. The

adopted are 0,51 m3/s/100 km? for the Pontian Besar river and 0.33
3/3/100 km2- for the Pulai river.

The BOD concentration of 16.4 mg/l is derived by means of the

same simulation for the Pontian Kechil river in its river mouth in

J~6



2005 in case the flow with 99% dependability is adopted as the river
maintenance flow assuming that whole effluent is drained into the
river. However at least a half of the effluent of Pontian Kechil town
would be -~ discharged directly to the sea, And thereby the

concentration is expected to be decreased to 9.2 rﬁg/l°

The land use in the Sedili Besar and the Sedili Kechil river
basins are not intensive at present, The BOD concentration.of 2 mg/l
“and 0.3 mg/l are estimated for the Sedili Besar river and the Sedili

Kechil river against the river maintenance flow with dependability of
99%, The flow. equivalent to the flow with 99% exceedance probability
.is adppted as the river maintenance flow of both rivers considering

future development in the river basins.

It is reported that the pumps“in the PUB's intake located near
Kota Tinggi shut down once on April 21th, 1983 for the first timé due
to high salinity causéd by sea wafer intrusion. The water guality has
been monitéred at the highway bridge site a little downstream from'the'_
intake pbint. On that occasion the runoff at the intake site is
estimated at. 4.1 m3/s and the withdrawal at the PUB's intake was 60
Mgd or 3.2 m3/s. The eventual runoff at the highway brldge is
estimated at 0.9 m3/s. Another minimum flow series was observed on
January 2, 1981, The minimum runoff at the intake point was estimated
at 5.6 m3/s and the withdrawal at the PUB's intake.was 60 Mgd or 3.2
m3/s. The eventual runoff at the highway bridge is estlmated at 2.4
m3/s._ Pumplng was not dlsturbmi by saline water on thls occa31on.
Considering these facts, the runoff of 2.4 m3/s or specific dlscharge
of 0.15 m3/s/100 kn2 is contemplated as the safe discharge against

saline watexr intrusion.

Though the conditions of water withdrawal at the pump station is
not known, another minimum flow of 2.4 m3/s is aésumably ocecurred in
1976, And no.distinctive effect on the river nor the environment has

.been recofde&. The simulation sutdy on the BOD concentration resulted
in 9 mg/l in 2005 assuming the discharge of 2.4 m3/s. In consequence,
the specific discharge of 0.15 m3/s/100 kﬁz is adopted as the river

maintenance flow of the Johor river,

J=7



The BOD concentration of 10 wmg/l is derived.at the upper reach
of Skudai river by the simulétion study in case that 0,33 m3/s/100 km?
or the runoff with dependability of 99% is adopted as the river
maintenance flow in 2005, While that in the Tebrau river is less than

1 mg/l. The results of the simulation imply thal sewerage system is

necessary in the Skudail river basin.



3. SOURGE FACILITIES

3.1 Existihg Source Facilities

There are five dams and 16 intakes in the Region. 'The Layang river,
a tributary of the Johor river, Layang dam is under construction and is
expected to be completed in 1985. . In the South Johor region, eight Qams
are gomtémplated in the South Johor Regional Water Rescources Study. The
locations of'exiétinq and proposed damsites, intake and pipeline route are
illustrated in Fig. 2. . The Macap is one of them and constructed by DID -
‘Lebam dam is operated by PWD. The Macap dam is located in the Macap
river, a tributary of the Benut river. The catchment area is 78 kmZ and
the acﬁivertorage capaéity is 31 x 10% n3., The primar?_pﬁrpose of the
Macap‘dam'is flood detention. However it is also utilized to impound
water for domestic and industrial water supply. The supply capacity
thereof is 16.6 x 10° m3 or 10 Mgd. Dam is used also to power generation
of a mini‘hydroelectric scheme (approximately 50 KW) by NEB. The Lebam
dam located in the Lebam river is operated for the purpose of domestic and

industrial water ‘supply. The catchment area thereof is 18 km2.

"PWD has 14 intakes in the Region,  In 1983, PWD supplied the
treated water of 72.5 x 10® m3 (198.6 Mid} to the Region. Among . them,
44 x 105 m3 (120.5 Mld) is water tapped from PUB system.

‘The three dams in the Gunong Pulai area are owned and are operated
by PUB of-Singapbre. One of the three dams is located in the Pontian
Kechil fiver'and the other two dams are located in the Pulai river with
intakes. - Those intakes are connected by pipelines and called Gunong.
Pulai dam-system. The purpose of the Gunong Pulai dam syétem is to sapply
domeétic:and industrial water to Singapore. PUB possesses four intakes
located in the -Gunong Pulai damsite, in the Skudai, Tebrau and Johor
rivér‘néar Kdté Tiﬁggis PUB abstracted raw water totalling 145 x 106 m3
(397 M1d) frbm'the Gunong Pulai,'skudai and Tebrau intakes and 99 x 109
m> (271-Mld)‘from the Johor intake in 1983, An abstraction record of raw

water by PUB is shown in Table 6.
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, ) 1
A1l these facilities were incorporated in the demand and  SUPp-Y

balance study.

3.2 On-Going Source Development Plan

In addition to the ex15e1ng water source . or intake fagilities,

there are . several development schemes which are either commltted for

implementation thereof or under construction, A  source _development

project of Iﬁyéng Scheme (Ia} is under - construction. Further source

development projects of the Layang Scheme (Ib), Kluang Scheme State I,

‘and Simpang Renggam Scheme Stage 1 are under planning and the

1mplementat10n thereof is commltted by PWD,
(1) Layang Scheme (Ia)

The first phase of the Jeher Bahru New Water Supply’ Scheme
undertaken by PWD is called the LaYang' Scheme Ta. Upper Layang dam
together with experlmental estuary barrage are sc¢heduled to be completed
in the upstream of the Layang river by 1985 (Ref. 1), The furnished
supply capa01ty is 104 Mld or 23 Mgd. A treatment plant with a capa01ty
of 180.8 M1d (40 Mgd) will also be constructed.

(2) Layang Scheme {(Ib}

The second phase of the Johor Bahru New Water Scheme undertaken

by PWD is called the Layang Scheme (Ib).

Under the Layang scheme (Ib), a pump station in the upstream
reaeh.of'Chabeng Tiram river, a tributary of the Johor river, low lift
pumps at the estuary barrage and water way between the pump station .
and the Layang dam will be constructed by 1986, Thereby the increased
supply capacity of Layang dam by 76.7. Mld (17 Mgd) is envisaged.

.Consequently the water supply capacity of the Layang scheme will be
180.8 Mld (40 Mgd). |

Main supply areas of Layang scheme are Johor Bahru, Ulu Tiram,

Senai and Pasir Gudang.



(3) © Kluang Scheme Stage I

The main purpose of the Kluang Scheme Stage T is to supply water
to Kluang district up to year 1995. Renggam, Sayong and Layang Layang
in the Region forim the southernmost part of the district and are
included in the target area of water supply by the scheme. A
treatment plant with a capacity of 80 Mld will Be withdrawn from the
Semberong dam to supply the impounded water, At the same time, a
ground water project with an estimated yield of 10 Mld will be
developed at the Kahang river flood plain. The scheme will supply
0,27 Mld to Sayong, 4.1 M1d to Renggam and 3.0 Mld to Layang Layang by
1987 (Ref. 2).

(4) - Simpang Renggam Scheme Stage I

- In the Simpang Renggam Scheme Stage I a treatment plant with a
capacity of 25 Mid will be constructed in the upstream reach of the
Benut river by 1990, in order to abstract réleased.water from Macap
dam for the water subply in the Pontian district and a part of Kiuang

district.

all these on-going schemes were incorporated in this demand'and
supply balance study.
3.3 Proposed Dam Pfoject

Various suitable damsites were identified in the Region and eight
of them were envisaged in the this Study. They are the Benut, Pontian
Besar, Linggiu, Upper Pengli, sayong, Telor, Sedili and Layau Kiri dams,

Table 7 shows the principal features of these dams.

In addition to dams three estuary barrages'were also implicated in

the candidates of source facilities. They are the extension of Layang

barrage, Sg. Pendas and Seng Heng barrages.



. : . - . ¥ r

Phe Benut damsite is located in the main stream of the Benut river,
i 2

4 km upstream from Xg. Ulu Benut. The catchment area 18 37 km? and the

annual inflow is estimated to be 33 x 10® m3 on an average based on the
years from 1963 to 1984,

3 in case that the normal HWL of thg reserv

erated Qata for 22 " rhe effective storage
gen : ) '

; oir is
capacity is 10 x 10° w

assumed at EL. 26.7 m.

The pontian Besar Gamsite is locatgd. in the main stream of the

Pontian Besar river, 2.5 km northwest of Kg. Bukit Batu. annual inflow

. . L 3
discharge from catchment area of 40 km2 is estimated to be 41 X 108 m3,
The effective storaée capacity is 8 X 106 m3, in case that the normal HWL

is set at BL, 18,6 m.

The Linggiu damsite is located in the Linggiu fiVer, 15 km upstreanm
from the confluence of the Johor river and the GLinggiu river, . The
average anpual inflow from the catchment area of 206 km? is estimated to
be 216 x 10° m3., The effective storage capacity is 58 x 10® m3 under the

conditibn of EL: 31.0 m of the normal HWL of the reservoir.

Thie Upper Pengli damsite is locéted'in the Pengli river, about 10
‘km upstream from the conflﬁence of the Sayong and the Pengli_rivers. The
catchment area is 127 km? and the annual average inflow is estimated to
pe 126 x 10° m3., The effective storage capacity is 36 x_106 m? for the
normal HWL of EL. 36,0 m,

The Sayong damsite is located in.the SaYong river, 0.5 km upstream
from the confluence of the Sayong and Linggiu rivers, The average annual
inflow from the catchment area of 662 km2 is estimated to be 655 x 106
m3. The effective stbrage dapacity ig 128 x 10® m3 in case that the
normal HWL is EL. 18.0 m. -

_ The Telor damsite is located in the Telor river, approximately.6 km
upstream from the confluence of thé Johor and the Telor rivers. The
catchment area is 38 km? collecting the average annual runoff of 43 x iCG
m>, The effective storage capacity is set at 30 % 102 m3 {f the normal

HWL is EL. 26.0 m.



The Sedili damsite is located in the main stream of the Sedili
Besaf river, 3 km upstream from the bridge over the river on the national
highway connecting Kota Tinggi and Mersing, The catchment area is 224
km? and the average annual inflow from catchment area is estimated to be
290 x 10° m3. The effective storage capacity is 61 x 10% m3 if the
normal HWL is set at EL, 20.0 m.,

The Layau Kiri damsite is located in the Layau Kiri river, a
tributary of the Lebam river, 10 km upstream of the confluence of the
Layau Kiri river:and the Lebam river, The average annual inflow from the
catchment of 31 km2 is estimated to be 38 x 108 m3., The effective
storage capacity is 11 x 100 m3 in case f:hat the normal HWL is EL. 16,5

m. .






4, RIVER BASIN MODEL

4.1 ‘General

The water demand and supply balance study on the basis of the: 5-day
natural runoff was carried out for each river system located water
resourdes'.facility. ' The river. flow was expressed mathematically
establishing a model at each intake _éoint,_ damsite and confluence.
Theréby the balance of inflow, outflow and withdrawal-wére calculated.
The model established are nine for tributaries and six for mainstreams in
the Region. The schematic river models utilized for water demand and

supply balance study is shown in Fig. 3.

Inflow data .for mainstream model are the disbharge from
tributaries, natural flow from the remaining catchment area (See ANNEX D)
énd return flow of once withdrawn water in the upstream reach. At each
point  where the model is established, - river maintenance £low was
discharged to the downstream reach. ANNEX D discussed the river
maintenance flow. Withdrawal is the water demand projected in ANNEX‘B.
In case that high BOD concentration is presumed at certain stretch,
treatment facilities for sewerage water is proposed, Detailed criteria

of BOD and treatment method is explained in detail in ANNEX F.

The balance at a point where a model is established is basically

expressed by the eguation shown below:
‘B = (O1+O2+R+T)~ (WD)

whera, B: Balance at the point
01: Outflow from the upstream reach
02: Outflow from the upstream tributary
R: Runoff from the remnant catchment area
Tz Return flow
W: Withdrawal

D: Discharge to the downstream reach
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calculated
the

the balances in the trlbutaxleq were

For each river,
the mainstream was calenlated applying

first and then the balance in

e
balances in the tributaries thus obtained. The models. for a mainstream

and a tributaries are depicted in Fig, 4 and Fig. 5.

4,2 Benut-Pontian River Basgin

The Benut-Pontian Basin . is located in the western part df the

Region. This basin was represented by three main stream models-which are

Benut, Pontian Besar and Pontian - Kechil river model., This basin has
three intake points for D&I water supply and an intake point for Ulu
Benut irrigation scheme, The Benut river iz divided into five stretChesf
The Pontian Besar river is divided into three stretches. The Benut river
model has six balance points which are Macap and Benut damsites, two
jntake points (for irrigation and D&I water supply). confluence of Macap
river and estuary.of the river.. pontian Besar .river model has four
halance points whlch are Pontian Besar damsite, two intake p01nts (for
pD&I water supply) and estuary. Pontian Kechil river model has only ome

balance point at estuary hecause no intake exists along this river.

4.3 Skudai-Tebrau River Basin

This basin was expressed by three main stream. meodels thch are
Pulai, Skudai and Tebrau river model. This basin has two intaké points
for D&I water supply by PUB. The Tebrau river and Skudai river models
has'each two balance points which are an intake point for D&I water
supply for Singapore (PUB)} and estwary, The Pulai river model has only
one balance point at estuary. This river model was constructed only for

water quality control study such as Pontian Kechil river model.

4.4 Johor River Basin

This basin was expressed by one main stﬁeam_model,”eightgﬁributary
models and one tributary model (Rengit_river model) which directiy flows

into South China Sea. This basin has ten intake points for D&I water
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supply, of which one intake point is owned by PUB to Singapore, and an
intake point for Lukut irrigation écheme.: The mainstream model of the
Johor river has three intake points (including PUB -intake R41), Further
new intéke'is recommended to abstract water abt Kg. Tai Hong (R42) nearly
1.5 km upstream from the PUB intake in order to abstract water if the
demand exceeds the existing 160 Mgd. 1In the water deficit calculation,
total-abstraction volume of Malaysia and Singapore is loaded.on R41 and
R42. The balance point consists of three hydrological stations and fivé
prOPOSed'damsites {Sayong, Upper Pengli, Linggiu, Telor and Layau Kiri),
two ekisﬁing dams (Layang and TLebam), 10. intakes (nine for D&I water
supply and cne for _irrigation water use} and c¢onfluences of nine

tributary models,

4,5 Sedili River Basin

This basin model consists of two main stream models which are
8edili Besar énd'Sedili Kechil river models. 'The basin has only one
intake point in the Gembot river for D&I water supply. The Sedili Besar
river is divided into five stretches. Balance points in the Sedili Besar
River Model are Sedili damsite, an intake point in R. Gembot (R36), major
'qonfiuences and estuary. Sedili Kechil river model has only one balance

_point at estuary.






5, = WATER DEFICIT |

5,1 Basic Congept

.~ The objective of the water deficit calculation is to examine the
capability of the natural runoff to supply water for D&Y and irrigation
water demand in the Region by means of a simulation method. Water demand

and BupplY'SYStem in the Region is illustrated in Plate 1,

- As stated in Chapter 4, the simulation model consists of a
tributaﬁy and a main model, The tributary model computes deficit at
intakes along the tributary and surplus runoff running into the main
stream. The main model computes water supply and. demand balance at
arbitrary Jlocation of the mainstream. The available runoff is the
dischéfge'ffom tributaries, the natural flow from own catchment area of
along the mainstream and return flow from outlets along the mainstream.
The mechanism of tributary and mainstream models are illustrated in Figs.

4 and 5.

The water deficit calculation is carried out for the target years
of 1983, 1985, 1990, 1995, 2000 and 2005. While the estimated river

runoff for the period of 1963 to 1984 were used as the natural runoff.

5.2 Water Balance at Intake
(1) Benut-Pontian river basin

Natural runoff at Simpang Renggam intake (rR24) showing with water
: deﬁand in 1983, 1995 and 2005 is illustrated in Figs. © and 7. Watervr
deficit at the intake is estimated at 3 x 106 m3/y in 1990 and 17 x 108
m3/y. in 2005 under the hydrological . condition of 1971. This deficit is
maiﬁly céused-by rapid increase in deomestic and industrial water demand
in urban areas in the west coast of the Region. However PWD's Simpang
Renggam Scheme Stége T and II augments the natural flow and the deficit

becomes zero up to 2005.



{(2) Skudai-Tebrau river basin

in the Skudai

1t is considered that the abstraction at PUB intakes

' . ' i se the
and Tebrau rivers will not extend beyond the present capacity becau

o (vers.
present abstraction is already reached to the potentials of both rive

Further according to the présent agreement conoluded between Malaysia and
v Malaysia is restricted.

Singapore in 1961, water resources development b
same value of the one

Thus, future abstraction at the intakes is assumed

in 1985 up to 2005, Based on this assumption, water deficit is

calculated 16 x 106 m3/y and 33 x 106 m3/y at the Skudai and Tebrau

rivers reapectively.

(3) Johor River Basin

Water deficit at intake, R25, located at the upstream of the Sayong

river is projected at 0.4 against the water demand in 1995 and 1.6 % 106
3/y against the demand in 2005 At intake R26 in Layang Layandg, the
deficit is estimated 0.1 x 106 m3/y and 0.2 x 10° md/y agalnst water
demand in 1995 and 2005. The main demand center of these intakes are
urbanized area of Renggam and Layang Layang. These deficits .were well
suppieménted by the water to be trénéferred from Kuluang Scheme. And
consequent deficit becomes zero upto 2005, . Water deficit at two intakes,
R39 and RAG, along the Pengli and Linggiu rivers are 1.8 x 109 m3/y and
0.2 x 10% m3/y against water demand in 2005 respectively. The estimated

water deficit at these two 1ntakes are small in comparison w1th the value

at R41 in Kota Tinggi.

Water demand in Towns of_Johdr Bahru, Senai, Kulai, Tebrau and
Masai incurs the largest water deficit in the Johor river at R41 and

hypothetical intake R42 together with abstraction by Singapore.

5~day natural runoff at Kota Tinggi (R41) fof thé period of 22
' years from 1963 to 1984 is illustrated in Figs. 8 to 10 against water
demand of 1983, 1995 and 2005, In these figures water deficit .iS
expressed in the enclosed area of the histogram below the demand.lihe.
Although a new intake is recommended at Kg. Tai Hong 1ocated at 1.5 km

upstream from PUB intake, the water balance based on the total water



abgtraction of Malaysia and Singapore is calculated integrated at Kota

Tinggi.

The estimated total deficit is 5 x 106 m3/y in 1985 for both Cases
1 and 2 assuming that  the hydrological condition experienced in 1971
would recur. In year 1995, the deficit will. increase to 74 x 109 m3/y
for Case 1, 28 x 10% m3/y for Case 2, 19 x 10° m3/y for Case 1-A and 10 x
106 m3/y for Case 2-A. 1In year 2005, they will increase to 144 x 10°
m3/y for Case 1, 69 x 10% m3/y for case 2, 86 x 10° m3/y for Case 1-A and
52 x 109 m3/y for Case 2-A. The'monthly water deficit at Kota Tinggi
(R41 & R42) estimated bagsed on the accumulated water abstraction against
water demand of target year 1983, 1985, 1990, 1995, 2000 and 2005 are
tabulated in Table 8 to 10. '

(4) - Sedili river basin

The water deficit at the intake of Telok Mahkota located at a
tributary of the Sedili Besar river is estiﬁated to be 0.9 against tﬁe

demand of 2005.

5.3 Summary of Water Deficit

Water defiéit at Kota Tinggi in hydrdlogical year 1971"1972 and
1976~1977 are illustrated for Case 1 and 2 in the top and middle figures
in Fig. 11. Two hydrographs without dam and with Sayong and Linggiu dams
in the figures are drawn-assumiﬁg that runoff from upper reach of the
dams is completely shut at the damsites. As.for determination of scale
of dam, an effective storage volume shall be set to supply water against

the water deficit identified by the hydrograph with dams.

Further, in case of water resources development by Malaysia alone,
watér deficit due to the abstraction by Malaysia and Singapore can ‘bhe
separately estimated., - The bottom figure of Fig, 11 shows the water
deficit to be sufficed by both Governments against hydrological condition
of 1971-1972. In the figure water deficit of Singapore is identified as
the enclose& érea by the hydrograph of natural flow and Singapore's own

demand line. On the other hand water deficit caused by the construction
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of dam by Malaysia iy identified as the remaining area of the deficit by

the total water abstraction of Malaysia and Singapore.

Trend of the demand of_Case.l and Case 2 and calculated watex

deficit for four study cases of Case 1, 2 and Case 1-A, 2-A is
illustrated in Fig. 12. The maximum and mean_ﬁater deficit during the

period from 1963 to 1984 at all intake points is summarized in Tablé:ll

by each target year,



6. RESERVOIR OPERATION

6.1 Basic Concept

The objective of reserveir operation study is to evaluate net water
output of the proposed dams to supplement water deficit calculated based
on 22 years hydrological data from 1963 to 1984, Net water output is
deﬁihgd.:as regulated outflow from a dam to. supplement water deficit
downstream of the dam, Tt is assumed - that the dam-réleases impounded
water to the downstream in accordance with the deficit in -the

contemplated demand area.

"As mentioned in previous chapter, it is clarified that the largest
‘water deficit will recur in Johor wiver basin. Among other river basins,
a comparatively large water deficit is estimated in the Benut river basin
if Simpaﬁg- Renggam Scheme Stage I and II are not realigzed. Thus,

reservoir operation study was carried out at the Johor and the Benut

river basin.

6.2 Procedure of Reservoir Water Balance

Bagic flow of the reservoir operation is schematically shown in

Fig. 13.

(i) The water balance of reservoir during a 5-day periocd is given by

the following equation:
Send = 8Sbig + Qin - Qout - Sp - Ep

where, Send:. Reservoir storage at the end of the 5-day pericd
' Sbig: Reservoir storage at the beginning of the period
Qin: Inflow to the reservoir during the period
gout: Outflow from the reservoir during the period
Sp: Spillout discharge during the period, if any
" Ep: Evapofation from the reservoir water surface during

the pericd



: N - gne is the
(2} Inflow to the regervoly consisis of Llwo sources. ) ti
. ' a 16
surface runoff from the catchment ared of the damsite excep .
D : reservolir
reservoir surface area and the other is rainfall on the

potential open water

ration rate was referred o the
4), Table 11

rized in DID study report (Ref.
en water evaporation of Benu

surface. Evapo
evéporation rate sumna -
shows the monthly rate of op t-Pontian
and Johoxr tiver basins,

(3) The release from the ragervolr coincides with the water deficit in

the contemplated 'downstream demand area,  Conveyance loss of

surface runoff from existing and proposed reservolrs to intakes 1S

assumed 10% of water released from the reservoir.
(4) River maintenance flow in each major river is set in ANNEX "D.
Based on the analysis of low flow data at ¥g. Rantau Panjang, the
volume at R41 intake site was set 2.4 m3/s at the Johor river and
99% dependable discharge at the Behut river, In the reservoir
operation procedure, maintenance flow is firstly deducted from
inflow discharge. In case that total inflow discharge is
insufficient to secure the river méinténance flow, water stored in
reservoir is the released if the water level is above Low Water

Level.

(5} The excess water is discharged through the spillway if the water

“level becomes higher than HWL.

6.3 Reservoir Operation of Existing Dam in Benut River Basin

Through the water balance study, water deficit at intéke R24 near
Simpany Renggam is estimated at 17 x 10® m3 in hydrological year 1976
against demand in 2005. In this conformity the reservoir operation of
the Macap dam is examined, -Schematic diagram for reservoir operation in

the Benut river is shown in Fig. 14.

The Macap dam located along the Macap river, a tributary=of the
Benut river, is operated as ‘a multipurpose dam project controlled under

the Johor State DID, The function of the dam is flood control, water
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supply and hydropower generation. The catchment area is 78 km2 and its
effective storage volume for water supply is 13 x 106 m3, A river outlet
with capacity 0.52 m3/s is provided, & hydrépower generating facility
with generating capacity of 50 kw is installed. Though plant discharge
for'power generation is not sgpecified in a hydrological report of the
Macap Dam (Ref. ©5), the intake capacity for power generation is
considered to be 1.0 w3/s on the basis of the drawing attached.
Accordingly total outflow capacity is accounted 1.52 m3/s. The principal

feature of the Macap dam is given in Table 13.

Because no. observed runoff record is available in the Benut river
basin, the tank model developed at Kg. Rantau Panjang (R. Johor) was
utilized for generating runoff in this basin. Average daily rainfall in
the catchment area from 1963 to 1984 were applied in the Tank Model., The
natural 5-day runoff at the Macap dam for simulation period of 22 years

is thus obtained and tabulated in Tables 14 to 16.

The impounded water in the reservolr is released to supplement'the
deficit at Simpang Renggam up to 1.52 m3/s without condition if the
reservoir water could afford it. In other words, it is aggumed to put

first briority'on water Suppiy to utilize the reservoir water.

Tables 17 and 18'sh0w_the resﬁlt of the reser#bir:gperation of the
Macap dam under the hydrdlogicél condition from_Januéry‘to'December in
1971 against demand in 2005. Ramaining'deficit at -Simpang Renggam ocours
once between Jul. 16 to Aug,. 10 in the Whole_éimulation‘perio& though the
reservoir water is_released. Water deficit of 1,2 % 10°% m3 was entailed
duriﬁg the period between Jul. 21-25 against the demand in 2005, However
this amount is considered to be negligible in the light of the accuracy

of the Study.

6.4 Reservoir Operation of Dams in Johor River Basin

The operation procedure shown in Fig. 13 was applied to the assumed
reservoir which is provided by the first dam in simulation study on the
demand and -supply balance. Natural runoff at the dam was generated for

'22 years by the Tank Model working out at Kg, Rantau Panjang, Jam. Johor
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' 1
Tenggara and Ran. Tanah Jengeli hydlological stations. ~ Annual supply

lume.
capacity of a dam was obtained for each assumed effectlve storage vO

If a significant deflclt is entailed by the simulatlon gtudy, the ‘secand

dam is introduced to supplement the deflclt. in this case some operation

rules were testified against the pro)ected demand at the intakes R4l and

R42 (Kg. Tai Hong). The operation procedure in the Johor river 18

schematically shown in Fig. 15. The operation rule testified are:

(1) Release water from a dam first until the stored water in the

regervoir becomes nil and then the second dam starts to release

Water .

(2) Both dams release water at the same time in proportion to the

remaining water in the reservolr.

Through the several trials, it was clarified that second rule had
an advantage counpared w1th flrst one for effective ukilization of storage
of the reservoir. Accordlng to the first rule, gecond dam will functlon
as for emergency use in drought year. Except severe drought condition,
spill-out from second dam will continue. Thus, second rule was applied

for examining combination of two dams.

The generated 5-day runoff for 22 years at the proposed damsites,
Sayong and Linggiu,_are preéented in Tables 18 to 23. Tables 24 to 26
shows the result of operation with Sayong and Linggiu dams against
estimated water deficit of CaséMI'dﬁfiﬁ@“hyafolobicai condition from Jan.

1971 to Jun. 1972.

The lowest water level simultaneously occurs when the period of
Aug., 6~10, 1971 and then the water levels of both resefvoirs recovered

upto the High Water Levels at the beginning of 1972.
As the result of the simulation, several tomvination of dam listed

in Table 27 was testified. The storage of dams can wmeet the demaﬁd up to
2005 without causing deficit. '
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Table 1 ANNUAL NATURAL RUNOFE AT MAJOR WATER SOURCE FACILITIES

Name of Key
Station, Dam
and ‘Tntake

Xg. Rantau Panjang

Jam. Johor Tenggara
Ran. Tanah Jengeli

Saleng

Benut
Pontian Besar

Sayong

Upper Pengli
Linggiu
Telor

Layau Kiri
Sedili

Macap
Res 8 (G.Pulai,PUB)

Res 9 (Layang)
Res 10 {Lebam)

R24
R25
R26
R29

R30

R31 (PUB)
R32 (PUB)
R33
R34
R35
R36

R37
R38
R39
RAQ

Catch-
nent Annual Annual

River Area Rainfall Runoff
Basin (km?)  (mm) (10%m3/y) Key Station
Johor 1.130 2,299 1,092 -
Sayong 624 2,246 576 . -
Linggiu 209 2,418 216 -
Skudai. 91 2,354 93 -
Benut 37 2,193 33 Kg. Rantau Panjang
Pontain 40 2,350 41 n

Besar
sayong 662 2,312 655 Jam. Jobor Tenggara
Pengli 127 2,312 128 " .
Linggiu 206 2,435 216 Ran Tanah Jengeli
‘telor 38 2,294 37 Kg. Rantau Panjang
Lebam 31 2,546 38 "
Sedili 224 2,613 290 "

Besar
Benut 7 2,193 70 Kg. Rantau Panjang
Pontian 12 2,490 14 "

Besar
Layang 31 2,321 31 "
Lebam 18 2,546 22 "
Benut 17G 2,193 152 Kg. Rantau Panjang
Sayong 8 2,312 8 Jam, -Johor Tenggara
Sayong 98 2,312 27 "
Pontian 160 2,350 163 Kg. Rantau Panjang

Besar .
Pontian 53 2,350 54 "

Besar
Skudai 187 2,378 196 S5aleng
Tebrau 118 2,383 124 "
Serai 12 2,321 12 Xg. Rantau Panjang
Panti 8 2,496 9 "
Semangar 45 2,294 45 "
Sedilx 78 2,721 109 "
. Besar
Seluyut 7 2,490 3 "
Rengit 4 2,546 5 "
Pengli 55 2,312 54 Jam. Johor Tengyara

" Linggiu 387 2,435 406  Ran. Tanah Jenqgeli

Johor 1,550 2,496 1,826 Kg. Rantau Panjang

R41 (PUB)



PROJECTED D&I WATER DEMAND I

N THE REGION BY DISTRICT

Table 2 2)
OF SUPPLY FOR 1983 - 2005  (1/
Unit : HMEd
.DISTRICT TOWN/RURAL 2000 2008
HAME HUKIM NAME NAME INTAKE POINT 1963 1985 __E?? _____ i??f___ -
_________________ : — - e 91.0 287.4 472.9
l,Johor Bahrn  Johor Bahru,  Jehor Bahru R41/R42 131.9 96.; lgg-‘; 124_7 1082 90.1
Pelentony, Res9 2.3 6l. -
Tebrau Magai & R33 (1983) . .
: 2.6 64.4 4.2
Pasir Gudang Res9{1985+) 32'3_ ,_-f?:?— _d_i ______________________
wom womn 161.2 190.4 264.9 368.3 460.0 637.2
Rural R33(1983} 4.7 _ 3 6.5 6.7
Res9(1985-) 5.5 6.0 e LA L
MUKINS TOTAL 165.9 195.9 270.9 374.8 465-6 643.2
Pulai, ‘4.9 5.2
Tq . Xupang Rural R42/Resf 2.5 3.3 _i'_}_ _____ i:z_ el i
wms tomn 2.8 3.3 4.1 4.7 4-9 5.2
Senai Rulai, FKulai R41/R42/Res? 13.0 15.8 25.4 3;-; 43-(?) 2;-3
Sedenak Senai R41/R42/Res9 4.7 5.3 7.3 10.5
Relapa Sawit R30 o M _ -
OV TOTAL 13.0 15.8 30.1 50.0 65.0 106.5
Rural R30/R41/R42/
RES9 12.13 11.8 11.2 9.7 190.2 10.1
MUKIHS TOTAL 25.3 21.6 41,3 59.7 75.2 116.5
Sg.Tiram Ulu Tiram R33(1983)
Res3{1985-) 5.6 8.2 12.4 20.0
Rural R33{1983) 3.2
Res3{15985-) 4,1 1.3 2.1 2.1 2.1
MUKIM TOTAL 3.2 4.1 7.4 10.3 14.5 22.1
DISTRICT URBAN 174.2 206.2 300.6 426.5 537.4 763.7
RURAL 22.7 24.7 23.1 22.7 23.8 24.1
RISTRICT TOTAL 196.9 230.9 323.7 449.2 561.2 787.8
2.Kota Tipggi  Johor Lama, Ba.Penawan Resl0 9.0
Pa.Timur, 2] ReslQ 6.7 9.5
Pengerant, 27 Resl0 5.8 7.6 10.5
Tg.Surat e memmmmme e :
TOW TOTAL 5.8 14.3 23.0
Rural R37/R3B/Resl0 7.6 11.6 16,1 16.4 16.4 15.
HUKIMS TOTAL 7.6 11.6 16.1 23.2 30.7 44.6
Kota Tinggi Kota Tinggi R34/R41/R42 7.4 9.3 13.1 18.3 24.6 34.9
Rural R34/R41/R42 1.9 2.2 3.6 4.6 6.0 6.8
MITEIM TOTAL a.3 11.5 16.7 2.9 30.%6 41,7
Sedili rechil, P2 R3I6 6.7 9.5
Sedili Besar  Rural R36& 0.8 3.1 3.6 5.7 1.9 1.9
HUXIMS TOTAL 0.8 2.1 3.6 8.7 8.6 11.4
Ulu Sq.Sedili Besar,. .
Sedili gambau Rnral R36 1.1 1.4 2.2 2.7 4.1 4.9
HUKIMS TOTAL 1.1 1.4 4.2 2.7 4.1 4.9
Oia Sg.Johor Ba.Tenggara R39 3.6 5.9 9.0 14 i 21,2
Rural R35/R39/R40 4.7 4.1 4.9 6.6 7.7 ‘8.5
MURIM TOTAL 4.7 7.7 io.s 15.6 21.9 28.7
DISTRICT URS o '
ol 74 12.9 19.0 33.2 59,8 94.5
S o 16.1 22.4 30.4 36.0 5.1 37.8
DISTRICT TOTAL 23.5 35.3 49.4 69,2 132.3

Remarks @

‘RA2,Hypothetical inktake to be provided at Xg. Tai Hong by Pwp,

J~-30



Table 3 PROJECTED D&I WATER DEMAND IN THE REGION BY DISTRICT
OF SUPPLY FOR 1983 - 2005 (2/2)

" 3,rontian Api-Api,

Ayer Baloi;Benut,
8g.Pinggan Rural R24/Resd 4.7 5.2 6.0 7.1 7.9 7.9
HUKIHS TOTAL 4.7 5.2 6.0 7.1 7.9 7.9
Pontian, Pontian Xechil R24/Resg 12.8 15.6 19.8 34.3 45.1 68.3
Rimba Terjum  Rural R29/ResB 2.7 2.8 3.0 3.8 4.1 4.4
MUKIMS TOTAL 15.5 18.4 22.8 38,1 49,2 12.7
Jeram Batu Pekan Nanas R24/Res8 4.6 4.9 5.3 7.3 7.9 9.6
Pengkalan—
Raja . Rural R24/ResS 0.8 0.8 0.9 1.4 1.9 1.9
MUKIMS TOTAL 5.4 5.7 6.2 8.7 - a.8 11.5
.Ayer Masin,Serkat, 7
Sg.Rarang Rural R24/Resd 1.4 1.9 2.2 2.5 2.3 2.8
HUKINS TOTAL 1.4 1.9 2.2 2.5 2.3 2.8
DISTRICT URBAN 17,4 20.5 25.1 41.6 53,0 77,9
RURAL. 9.6 . 10,7 12.1 14.8 16.2 17.0
DISTRICT TOTAL 27.0 31,2 37.2 56.4 69,2 94.9
4.Kluang & Ulu Benut,Macap Hural R24 1.1 1.4 2.2 3.3 4.4 6.3
Hersing - : - ) -
MUKIMS TOTAL 1.1 1.4 2.2 3.3 4.4 6.3
Layang-Layang Layang-lLayang R26 : - 8.9
Rural R26 ’ 2.7 3.5 © 4.5 5.7 7.5 3.3
WUKIH TOTAL T 2.7 3.5 4.5 5.7 7.5 12.2
Renggan ‘Rengyam R25 : ’ 8.9
Simpang-
Renggam R24 9.0
TOWN TOTAL : ) 17.9
Rural R24/R25 5.6 7.0 8.6 & 11.8 14.1 7.4
MUKIM TOTAL 5.6 1.0 8.6 11.8° 4.1 25.3
Hersing Rural R36 1.5 1.9 . 1.9 2.8 . 2.5 2.5
MUKIM TOTAL 1.5 1.9 1.9 2.8 2.5 2.5
‘DISTRICT URBAN : 26.8
RURAL 10,9 . 13.8 17.2 23.6 28.5 19.5
DISTRICT TOTAL : . 10.9 13,8 17.2 23.6 28.5 45,3
THE REGION URBAN TOTAL 199.0 239.6 344,7 501.4 650,32 963.0
RURAL - TOTAL 59,3 - 71.6 82.8 97,0 104.7 98.3
THE REGION TOTAL 258.3 311,2 £27.5 598, 4 754.8  1,061.3
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Hypothetical intake to be provided at Kg. Tai Hong by PWD
Water supply from PUB's intake to Singapore =

Water supply from PUB's intake to Johor
excluding RESP water demand



Table 5 ASSUMED VOLUME OF ABSTRACTION
BY SINGAPORE FROM THE JOHOR RIVER

Unit: MGD

CASE 1 CASE 2

1983 e 60
1985 ' 92 92
1990 ;60_ 160
1995 250 160
2000 250 160
2005 250 160

Table © WATER ABSTRACTION RECORD OF RAW WATER BY PUD

Unit: Mld

Source

Year Pulai River Skudai River  Tebrau River  Johor River Total

1980 - 153 203 1219 646
1981 . 66 140 159 249 614
1982 66 137 200 274 677
1983 60 145 192 271 668

Source: State PWD (Unpublished)



Table 7 - CONDITION OF ALTERNATIVE DAMSITES

SITE CONDITIONS

BENUT

PONTIAL BESAR

River System

Bénut_RiVer

 LINGGIU

UPPER PENGLI -

Pontian Besar.

Johor river

SAYONG

TELOR

Jonor RiVer Johor Rivér

SEDILI

LAYAU KIRT
Main Sub

Sédili Besar

. _ . River o o Johor River River Johor River Johor River
. X . Q t L1} k] n a AT " 1 " - :
- A Tha— T % = E_103°41'24"E  103°47'08"r 103°50'42"E | 104°04'24"E 104°06'12"E
Ccatchment Area 37 ‘Km 40 Km 206 Xm 127 xm 662 Km® 38 % 924 K’ 31 Kkm2
Damsite Topography iigz 32§ley iigz :gile i;e?P Lokt F}at and . Gentle Gentle Rather_ Flat and wide valley
_ _ vy utment wide valley slope slope ‘steep slope
valley valley on both
. . o ' abutment
Valley Bottom Width 1.1 Km 1.7 ¥m 0.4 Km 1.3 Xm 0.4 ¥m 0.6 Km 0.4 Xm 1.0 Km
Geology &. 1) Geology Shale-and Shale and Mainly sand- Semi-con-' . Flesh tight Weathered Phyllite of Weathered
Const;uctlon B sandstone of sandstone of Stone of solidated granite granite Paleozoic, granite
Materials Mesozoic Mesozoic Paleozoic, - cldyey silt : partly weathereg moderarely
N fxactured by of Pleisgtocene weathered
fault, high~ to Pliocene
. _ ly permeable
2) Soils Mostly Silty sand Clayey Silty sand  Mainly Sandy silt Sandy silt  Sandy silt
sandy silt to sandy sandy silt  to silty : to clay
) silt ’ sand
Scale of . :
Dam and Reservoir
1) Greoss Storage .
‘at H.W.L. () 20 x 10°  51x 10° 123 x 10° 130 x 10° 179 x 10° a9 x 10° 85 x 10° 21 x 10°
2) Effective Storag : _
at H.W.L. (mg) 8 x 106 48 x 106 107 106 120 x 106 128 x 106 46 x 106 6l x 106 38 x 106
3) High water Level (m) 29.0 25.5 34.0 41.0 18.0 28.0 20.0° 22.0
4) Flood Water Level 31.1 27.3 35.2 43.1 20.1 29.6 21.1 23.8
5) Dam Height 30 29 32 33 31 29 32 29 27
. 6) Crest Length 2,000 2,400 560 2,200 1,140 2,200 490 - 1,600 1,100
©7) Dam Volume (m3) 1.2 x 10 3.1 x 10 0.9 x 10 2.8 x 10 0.8 x 10 0.9 x 10 0.7 x 10 1.3 x 10 0.6 x 10
Land Use in : _ ' :
Resexvoir Area EL. (m) 31.1. 27.3 35.2 43.1 - 20.1 29.6 21.1 23.8
1. Rubber (ha) 322 675 - - 203 - -~ -
2. 0il Palm {ha) 379 316 - 1,060 1,853 53 - 658
3. Other Agricultural
Land {ha}) - 38 - - 502 - - -.
4. Residential Land (ha) - - - - - - - 48
5. Factory Area ({(ha) - 64 o= . - - - = =
6. Forast, (ha) - 254 2,027 1,850 1,747 1,087 2,140 C 4
7. Mine (ha) - - 13 - - - - -
‘Total Area (ha) 701 1,347 2,100 2,910 4,305 1,140 2,140 710
8. Housas (nos} - 89 - 13 33 - - 6§
9. Road (main)  {(km) - 8.2 = 3.6 5.0 - = 7.6
10. Transmission - o -
Line (km} - - - - 2.7 - -
11. Pumping = _
Station " {nos) - - - 1 - =
Investment Cost of Dam (M§ 106)
Totdl Cost 99 163 132 181 132 65 o1 Y
' . 55 ) {7 { ~) (19 ]
(Compensation) {13) {35 ) =) {35 1 _( ‘ . _
_ _ _ ' ; . . S Lebém dam 15
Special Problems Submerge Permeable Land' . enough
highway foundation acquistion







Table 8  MONTHLY WATER DEFICIT AT KOTA TINGGI (R41 & R42) (1/3)

I: 'S 1 6 3
Target year: 1983 Unit: 10 m /¥
YEAR Jan HOV vEL AHNUAYL
1983 g. a, a. [
1964 0. 0.2 Dal20 Da.844
194S 0, 0a 0 »
1964 . U 0 0. D
1947, G Qs 0. 0.
1948 o G, (8 Dy
$969 . 0. 0. Ds
j9reg UM ] LI 0. 0.
92 O u. 0. 0. 04
91z 0. 2. s 0a 0.
1913 0. G4 0. 04 0.
1974 Ga Q. du ' O.
112508 0. . ! . [ L] Ca
1916 04 Tab2n [H 1 v 0. Q. ¢. G Q. 0y - B Va420
1917 9 . U. e ED QO 0. [ 0. 0¢ 0, 0. G
RN 0 u. a. . <. 0. 0. s b 0. O 0, 0.
1979 0. 0. u. I, U. 0, 0. 0. [ 0. U 0. 0.
1780 Oa . s o, e 0. 0. G. Gy 0. 0. 0. Ga
1981 0o G, 18 . Uy 0. U, 0. U O 0. 0. 0.
1982 L B Y Lo 0. Ta : a, 0. Do Ue D. [ 0. 0.
1983 0. La Gy LY Ja u, qs L. va u, 0. 0. 0.
1984 o, . fha n, L 0. 9. (LY 0O, 0. 04 D. G,
HEAM Ca R.B7 [ a, u. [N o, 0. e 0. 001 0.03 o4

Unit: 106 m3/y

O Qe 0,
D754 Todhe a0
0. 0. .
0. 0. O
G Ds O«
0. 0. a,
T 0. Qag?s
. Ua U
B T Yoids
O 0. PRY Y
Qs Ou Qs
0. 0, 0.
) . : 0. 0. 0.
K 003 §.4%r .50 L u. 0. 0. 0. [ 0. e 0. L8302

1914 0. - o o -~ o, 9,274 4.38e 2,52+ 0. 0, 0,222 0. 0. 14390
1912 02 aluse o f.zes 0% I o A O N TY R N 0, o 0% 13081,




Table 9 MONTHLY WATER DERICIT AT KOTA TINGGI (RAL & R42) (2/3)

Target year: 1935 (Case 1) . Unit; 106 m3/_y e

B e o e - Y

nci HUY (14 ARKLAL

ettt o e T e = .

Ay Jux sk UG SEP

: s ————
T 0. S e 11,500 3. 15 ETUNR N 5. 0 14,4700
:3:3 . de 425 iR 184552 0u40e 588 14,190 13a5Un L9340
1945 ’ ¢ 1at2e F.548 3 ZahSe a. G de 15,50
1944 0. 0. g, Je 0. LR 2. v Q.39
1987 Ga [+18 2,51 taThe [N O da Qe Saldr
1048 Gs Q. a, 1.57¢ Sacls 0, (e 18 12,82+
196% Gy G J. JaG2e da 0y O, [F 26,31
190 - . - 9. Ao . Lia— ‘e O O ) Ve 12217+
1771 L S5pt6a D, 2403 ELTS L VS.180 $4,55 0.5k ' 7,70 Sende ¢, Theldse
t9v2 tatids Lof72 2ba 14 [ e 0. 18,920 t1.08e Ua 0.78* [+ G 81,760
1973 0. DuiG 0. 'R a. Uy e MRA R G b Ua Je (31
1974 15,47 3.22x £.200 1ok Q. Ga o, D422 Ge D.79 4enba Je 40,14
1973 [ 11,508 a, [ 2. a4 [ s - 0, 0, e. da 14,124
1978 15,584 294252 2,B3s 0. 0. - 2V ENS YY) Gelbs. eSS .0. okl Q. bT.81
1917 0. 0.02+ 10,38 19,79+ 3,574 TS 0.6+ Iu1Bw ' 0. s J. 35,28+
1278 '8 [T ¢, . Ga 0.75» G Ga3Zbe . Bez5e Q.97* U D 4alBa
1979 0. Delds 2. e ey "N 1,29+ GaBhs Ga ., 0. Je Lp3t1e
1980 De D.D7+ 0. ' 0. 9. . 0 0a 0. Ua ta D07
1981 3.01e K7a394 10,38 0, { U, U 43,98
1982 iV Aabin B.16n 0. Ua g. ua.lz-
28 . .61 Foibe (4aidn 0s . 2830
:vsf 0. 0. G. q. O« e Gadde
BEAR 1.90 1,%¢ 5.5% 1.7% f.18 6t v4.18

. 6 3
Target year: 1995 (Case 2) Unit: 10 wm /vy,

DEL ARKGAL
Ja TaBZ¥
6.35% 17,01«
Da P08
Je Du
- Qe Z2Fs
Gy tokd=
Ds 10,59
e 397
D 25.956
Ue 23,81
Do [+
0, Ba090
¢ & abhde
a. 27,874
0. 11.600
Q. [F
1 Os
N ! . . : ) 0. 0.
1981 0. 6.564 2e72e . O 8 4. G EetBr B, B De 0. 11,670
1987 0. . 0. 0, g, b 0. 0. 0y, 0. 0. 'R D.
i U. 0. 0. G 0, 4a13s
0. Q. 0. 0, G, O
__________ et A= = i R ek R B e
Dek2 0,06 0,13 0.32 0,29 743

, 6
Unit: 10 m3/y

J6H L UG SEFR (13} noV DEC ANNUAL

0473 14,53+ b7 0. ' G 21295»
5,90 0. 1.Ute Talts 16,764 T15.99 624310
3 03+ 12.33= 3,70 0. 0. 1 47.09a
0, 0. [N Qe 0, 0. 1e174
O, 1.29¢ L I 0. 'Y GetTe
04 O, TebSw G Q. . Q. (7445
Ge 0. G. 0. Qe 0. 33408+
6. [ G274 G. De a, 15.91%
17,69 17,78+ Gatis 0.3 FelS 0,75 F5ak5s
&, 2ZuB2w [T tuy1s 0. Oe T7a55e
@a 4 [ g G . 2458
0. O.52% O« 2aldr LY ris [N ShekTe
0. Q. [\ Qa520 [T o, 22057
Selfe 2438 Ha51 045G R Oa B7a27n
Teli0e ZabTE T b0+ 0. 0. 0. R
1a334 0 1,89+ .22 [/ 0. 84604
0.50% . 2.50+ Ga 0,49 0.4 0. 10.57=
[ Qs Je 1} DuF0»
1.00s Joz7e & a. 0. 8. 57.08%
0. 0y 0. Gu [ 0. _&y38e
1,008 Fo14e o, ' . O, T3, 640
0. 0. 0174 0,994 0. [ Te18r

1.20 1,72 3,58 1,32 1,18 baSs Gei? 32.54




Table 10

MONTHLY WATER DEFICIT AT KOTA TINGGI (R4l & R42) (3/3)

Target year: 2000 (Case 2)

YEAR AN
19463 0.
19484 ‘M
1945 Qe
1964 G
1967 a.
1965 0.
1969 8.
1970 [/
1971 0.
§972 0.
1973 0.
1974 B.164
1975 1 404

FED RAR APR s_AY un JUL
0. 0. G 0. 0. Lydse
O Do [ Qw Eatls Qs
a, .70 [N o, 0. 3.24e
0, 'R 0. 0. 0. 0.

Q. 0. U. 0. 0. 0.
0. 1.348 0. D 0. 'R
1,524 13.21n C. Q. O, O,
0,80+ i C. G. Ua U,
1.03n . 0,504 17,24 9.50# 7.2
1.34» 15c2he G, 2. . 10,524
0. . Go 0. 0. [
fak3s 3ofise 'Y G [ 0«
badtw 0. o. 0. [ o0,

. 6 3
Unit: 10 m /y
acr NGV DEC ANKDAL

0, 3. . 456
.67 baate SeE3 25a972
G. 0. e 13,73
O U. I 0.

0. 0. c. 1,268
0a 0. a. .71
G. a. 0 14,73
G 0. a. 5.68%
TZatle a. Q. 3710w
[ G a. 3344Te
Q. 0. 0. o, .
D. 1,32 0, 14,694
0. Ce 0. 771

Target year:

YEAR &N FER HAR APR MY 41 Ju AUG SEP Gt
e m A et mmsasssausumgE—.— et kB

1963 Q. 1,900 Geb3e G 3.00« 2atbe 2067 2482w Fo2bn 0.
1964 244 1,050 0.4 G 2,03 1082 Fe85w 2ia2bn 2,26+ CIS T
1945 3,84 Ta52n 30,12 Tai5e Qs .81+ 19,30« batTs 0.
1960 D. 0,982 14752 2.244 0. Jeite [ 0. 0,
1947 Q. 0. s a. 0. 0, 2,79+ 0. TaCds
1968 G 551 7,93 0, Q. 0, 2,25+ 11,380 Q.
1969 Q. 1577~ 30,02 2. 0. o, 0.5« 0 0.
1910 0. £.00x 14,80 0. 0. Ga d. 244 a.
1941 G, 12630 1415 5.72% 37,660 23.65% 24,148 1.31+ 14,16+
1972 &a30% 15,10« 5,610 a. 0. Q. 10,45+ .33 5.72
1973 [ 4,27% 029 Ga 0. 0. 058« 0. t.029
1574 27,069 7+01s 14,19~ 3.28- 0. 0.5%¢ Zabhs Gy

1975 12,24 20,55+ 0. 0. 0. . a. Q. 0.48e

1976 25,454 39,610 1,512 1,28+ 173 12,098 5470 15,82+

1977 © 1.08e 1.67 TB,¥5e 20.50* .19 2.06 8,04% Z, 07

1978 0. 3296 Q. 0. - e 280+ a. Ja74e

1979 0. 5425 [ G. Tebls 1,830 Sapls 0.

1989 Oe 3.08¢ 1,67+ ay [ 0. 04 0.

1981 28,13e 21564 G. 0, Zalhe ER L 0465+

1982 Ta2de 4,51 t, 0, O __ 0e 0,73+

1983 4,60 17,234 25,4k [T Lee8s 24382 0.

1984 . . 0. -0, catse

HEAH

2005 (Case 1)

NUV

0.
20.9Te
e

U.

Je .
daz3e

ANNUAL

L0840
FiaTL
Poab?a

Sabts
182210

| 315.50a
P ATe28e

T25.232

165 .81
114299
.07

: ~-

: : L o 3
Target year: 2005 (Case 2) Unit: 10 m /vy
YEAR AN FER MAR APR MAY JuH JuUk AUG SEP ocr Qv PEC ANRUAL
1963 0. 0. 0, 0. o, u. 10443 0. 2,76 Je 3. 0. 15,19+
1964 Dbl Oa - 0. 0 3,92 0. FaThe Ga21e SeZdr 15,50« 12,7k hbBa25%
19865 G,72s 1.55 174420 0. 04 .72 B.b5w ' 2.05.. 3a '8 2. LINEY
1986 0. 0. 0. 0.20° G, o, 0. 0. I . c. G, 04200
1967 0. 0. 0. 0. 0. 9. 0.33e W, 22 0. . o, o. baShe
1948 0. 1.0%r 3BT« 0. c. G 0. §,32# S.iks e o, 0. akts
1989 0. 535 19,430 0. 0. 0. 0. G G 3. G, 0. 2%.78e
1970 0. 2,82+ B.57* 6. 0. 2. 2. G, . au h 11394
197% 19 bogbTw De 1.70 2heP5s V4,35 13.5E~ De Ca LaGer L 2.Tis G 65 .88
1972 Teh2e 4,08 22,91 v. 0. . 17,75 10,79+ Ga 2 uEm C. . 574434
1573 Ou 0,34+ Q. Q. 0. 0. 0. ds 0. S 0. I Q34
1974 14,55 2924 7.03% 1.4 0. 0. 0. 5,394 G. J.674 Gu31m R 3871
1975 &L O5» 10,72+ a, 0. 0. 0. u.?? g.kz ?.6? . g._( g. ;:.;3:
1974 - 27 * L2 Q. 237 .77~ Akt 3262« Ja wisn . LExAAN
1977 B 3 Tier  amisze ST 0.30s 0. 3ke a.03w . 3. G. 2. TG
1978 o, 0,69 0. 0. . 0,52¢ 0. FRER tetda yebSa 'S N 3u11e
1979 a. G140 T e 1,500 e 1013 DebB G, G 0. N T
1980 0. a, - 0, 0. d. o, 0. be 0. L. o 9. 0.
1981 Eatrbd 100 G 22 [T Ds D20 t,.70¢ Fab9a 0. b fis [ 40,13
1982 0. T.29# 0.4t 0 0. B . %-!‘ g- g- u g- 8' 2:-::&

] * INE] 208 u. G055 L - « . . s abbe
3355 3: 8:‘q 3:Jﬂ 1ﬂ_|e o, G. a. 0. . 0.13+ o, 0, D.13+
HEAH 1.66 5,93 1.58 1.35 t.02 1.50_ 2.08 D.68 [LAr-T) 1,04 0,58 2R AG



Intake River

No.

R24 sengT *

A25 sayong

R26 SAYOHG

R2Y PONTIAN B..

R30 PONTTAN B.

A3t SKUDAL

R32 TEBRAU

R33 SERAL

R34 PANTE

R35 SEMANGAR

R36 SEDILY

R37 SELINUT

r38 RENGET

R39 FENGLE

R40 LINGGIU

R4 JOHOR
CASE 1
CARE 2
CASE 1-a
CASE 2-h

REBS 8 G.PULAI
© RE§ 9 LAYANG
RES 10 LEBAM

Table 11 WATER DEFICIT AT INTAKE POINT

1983 wes L
No. of No. of No;ibft
. peficit MEAN MAX peflcit MEAN pefic
:!fggm3) ﬁgﬁ}n:‘) Year {105m3) (105m3} Year tloﬁzi,-figﬁii__tfff__-
0.4 1.1 15 0.5 1.4 17 0.0 0.0 12
0.0 0.1 6 0.0 0.1 7 0.0 0.2 3
0,0 0,0 2 0.0 0.0 2 0.0 0.1 z
0.1 a.5 3] 0.1 G.3 & 0.1 0.*6
Q.0 0,3 10 0,0 0,2 a ¢.0 0.3 10
5.6 i6.1 21 5.6 16.1 21 5.6 16.1 21
16.4 33.0 22 16.4 33.0 22 16,3 12,9 22
. 4.3 20 )
(23.3 0:0 1} 5.0 0.0 0 0.0 0.0 2
0.0 Q.0 2 0.0 0.0 2 0.0 2.0 2
0.0 0.3 4 (L] 0.4 ? 0.0 0,5 8
0.0 2.0 2 0.0 4.0 3 0.0 0.1 11
Q.9 0.0 6 0.0 0.0 9 0.0 72,0 11
0.0 0.0 2 0.0 0.1 2 0,0 0.1 k!
.0 0,2 13 0.0 0,2 1 0.0 0.2 1
0.1 1.6 3 0.4 4.8 L3 4.0 20,1 14
0,1 1.6 3 0.4 4.8 6 4.0 _20.1 . 14
= = - = - - 0,2 0.7 14
- - - - - 0.2 0.7 14

TRRIGATION SCHEHE

. Mo, of : No. of . Ho. of
Intake River HERN HMAX peficit HEAN 'MAX peficit MEAN MAX peficit
No. {10623}  (106m3) Year (106m3) (106m3) Year (10643) {106m3) Year
R24 peEsuT? 0.0 0.0 o 0.0 0.0 o 0.0 0.0 0
R2S sAYONG** 0.0 0.0 4] 0.0 0.0 o 0.0 0.0 ‘0
R26 saYORG*? 0,0 0.0 a 0.0 a,0 a G0 0.0 o
R29 PONTIAN B, 0,1 0.6 ] 0.1 0.6 8 0.1 0.6 8
RI0 .. DONTIAN B, 0.1 0.5 12 0,1 0.6 12 0,2 0.7 14
Rl SKUDAT 5.7 16,2 21 5,7 16.2 21 5,7 16.2 21
&]32 TEBRAU 16,4 33,1 22 16,4 33,1 22 16,4 33,1 22
R33 SERAY
R34 PANTE 0.0 0.0 2 0.0 0.0 2 0.0 0.0 2
R3S SEMANGAR 0.9 0.0 2 0.0 0.0 2 0.0 0,0 2
R3S BEDILI 0.1 0.6 3 0.1 0.7 9 0.1 0.9 11
a3t SELUYUT 0.0 o.1 11 0,0 0.1 11 Q,0 0.1 11
R3B RENGIT 0.0 0.1 13 0.0 0.1 14 0,0 0.1 is
R39 PENGLI 0.0 0.3 4 0,1 0.6 7 0.2 1.8 12
R4O LINGGEN 0.0 0,2 1 0.0 0.2 1 0.0 0,2 1
R4l JOHOR

CASE 1 24,1 74,4 22 32,6 95.5 22 53,3 143,9 22
CASE 2 7.3 27.9 15 11,2 7.7 15 22.7 68,9 21
CASE 1-A 7.0 18,8 22 15,1 39.1 22 34,9 85,0 22
CASE 2-A 3.3 10,2 15 1.0 21,1 i5 17.% 51.6 2t
PES B  G.PULAI - - - - - -
RES 9 LAYANG - - - - - -
RES 10 LEBAY - - - - - -
TRRIGATION SCHEHE .
LURUT 0.5 0,8 20 0,5 0.8 20 0.5 Q.8 20
$LU BENUT 0,4 1.4 19 0.4 1.4 19 Gid 1.4 19
TOTAL  CASE t 51,5 133.9 61,9 158,7 8.9 218,3
CA3E 2 33.9 B7.4 S 39,6 100.2 57,2 142,4
CASE 1-A 33.5 78.3 43.6 10,6 70,1 159,5
CASE 2-A 29.6 69,7 35,2 83.6 - 51,9 125.2

Remarkss Cage 11
Cage 2
Cane l-at
Cage 2-A1
*
L1

Jolnt Pevelopnent to meet the assumed water shatraction of Bingapore of 250 HGD in.1995
Joint Developnent to meet the assumed water abstrection of Singspore of 160 PGD in 1990
Development by Malaysla alome to meet the mame volume of Cage 1 .
Developmant by Malayela alone to meet the name volume of Casg 2

Water deficit at R24 after 1990 will be supplemented by 8iompang Panggam 8chems Btage 1,
Hater deficit at R25 and R26 after 1905 will be aupplemented by Kluang Bcheme Stage I.
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Table 12 MONTHLY EVAPORATION RATE FOR RESERVOTR QPERATION STUDY

Unit: mm

Basin Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De¢ Total

Benut - 1431 139 160 148 145 137 146 138 143 152 139 134 1722
Pontian :

Johor, 14¢ 132 153 139 138 128 138 141 138 149 136 129 1661

Sedili



2.

Table 13 PRINCIPAL FEATURE OF MACAP DAM

Roservolr

Dam

2
Catchment area : 77.7 km

) . 2
Reservoir area at EL 18.3 m : 9.1 km

Normal operating level : EL 15.8 m
Maximum operating level : EL 18.4 m
‘Total reservair storage capacity . : 24,800 ac-ft
Storage capacity for sedimentation: : l,600-acht
Storage capacity for water supply : 8,400 ac-ft
Storage capacity for flood detentidn: 8,4OO ac—-ft
Storage capacity for surcharge : 6,400 ac-ft
Type : Zoned earthfill
Core material : Impervious inorganic clay of
high plasticity and elastic
silty soil

Shell material : Semi-impervious clayey sand,
: silty sand and silty gravel

Foundation treatment: Cutoff trench refilled with
impervious material

Slope : u/s 1:3 to 8
d/s 1:3 to 8 to 20
Embankment Volume : 344,000 m3
Maximum Height : EL 9.2 ™
Crest level : BL 19.8 m
Crest length : 570 m



Table 14 5-DAY TNFLOW DISCHARGE AT MACAP DAM (1/3)

YEAR 7 1963 ASNUAYL REAK 3 Caf
PERLOD Ihk feg HAR
e e e 0 k0 e
1< § 3.t 1.1 346
§e1C 2.8 140 146
11+15 2t 0.5 1.3
18=20 1.7 [ 141
2325 1.2 1.l 0.8
26=EHD 1.1 5.C 1.4
REAN 2a1 1.4 1.8
YEAR 3 1505 ANHUAL REIAR 3 Yeb
PERIDD . JAN R FEE RAR APH LLE] JiN JUL AUG SEP oty Koy bEC
i e e e P s jipTme e _.;-5.--..u---;-..-..-.--:.......-------.
615 3.9 2.2 1.1 3.4 oL 1.2 1.7 2.5 i 1 N et
1-15 223 1.E Seb 55 4a2 1.7 1.5 241 [ o5 2.6 ta?
1420 2,9 1.7 621 5.2 1.2 1.5 2.6 2.0 2.4 37 2a2 $u8
21=25 5.2 2o7 4.0 5.7 2ub 1,2 242 1.7 2ol 5.7 1.9 TaF
25-ERD 3,3 1546 3.2 5a8 2.0 17 3ak 1.5 1.8 hed 1.7 Tl
e e - - e e . .- e r . ————— . - B - e e e O G b o ik
NEAN 3.2 [P 7.3 (] 36 15 241 2.2 2.3 30 2.5 357
YEAR 3 1985 . ANNUAL MEAK : 2.9
PERLGD FrYy FEB RA% APR nAY JUK vl AUG SEP (133 ROV 1113
it - wrmam ——m—————— mmmm———— e a————— e — 0 s i A i 2 b S S e
$= S Sek B.E 0.8 1.0 1.3 1.8 1.0 [ 2l 1.0 442 43
4ot 3.7 Cub Gub - 150 1.5 ) 10 8.8 2 0s8 335 Tt
1113 2.8 0e7 - 0.4 1.1 1.6 1.0 1,0 1.0 1.8 1.7 3e2° )
156=20 2at 0.8 05 1.2 | (i1 }% 1,0 1.2 1S 146 $a0 ¥auf
2125 1.5 But
26uEub 1.1
iR P,
HEAN 2.7
YEAR 1 1968 ANKUAL MEAN t .9
PER10? . AN fEB naw APR oRAY JUR L CoAuG SEP oct ROV VEC
e ae o nSa—————————————————— P S [ SR, rmmmmanmam—- rrremama———
1= 5 2.5 1.5 0.7 1.9 245 2.5 Ds9 0.9 15 D.8 1,8 3.2
618" 2.2 1.3 3.0 243 2.1 240 [ 1.0 1.2 0sb 242 2al
11-15 ] 1.2 245 31 1.7 1,2 140 0.% Tl 0e® 3t [
16-20 1.5 “1a0 246 246 1,3 fa¢ ta1 11 1.0 5] 243 33
21-25 1.7 .8 2e7 1,2 1.2 1.4 1.1 1.3 Do? 267 5,0 2ud
26-ERD 1.8 Ged 2.3 Z8 1,0 1.1 1.0 1.5 0,7 2.0 %) Tas
cemmmremn———— acammeustaosoommm——— emmmarm . ————— ame——————— rdde—————— [
REAN LIS ] Tat S W? 1.6 [ 1% 1.0 1.1 1.4 148 3ol Bt
YEAR @ 1567 ANNURL MEAK 1.3
PERIOD AR . Fie ®AR (143 ¥ A4 Jum LS | AUG SEP AT " gov DEL
1= 5 heb 1a8 (9 1.3 1.9 242 1.8 1at D44 D46 3.6 32
810 4o Te% 3.3, L a2 245 1.7 1.4 0.9 Duk God 3.4 FA
11=15 S S 245 1.3 2.8 1.4 1.5 0.7 0a4 0ud 3,3 534
1620 5.2 12,6 2ot 1.6 23 1.6 Vab 0.5 Du2 Bet 3.8 1620
2125 i L TS 1.6 1.7 3.0 1.7 1.5 Gk 0.2 004 5.3 Tad
26=END 245 52 1,7 1.9 F] 1.7 Te3 Oab 0.6 e 4t 752
REAW 445 Sa2 Zet te3 2.6 1.7 145 0.7 Gt Ca? 3.7 1.0
YEAP : 1968 ANHUAL REAR @ 1.2
P.EIHOD JAN FEB . RAR APR KAY JUN Jue f.tq SEP oeT MOV .u;
- - - - . - .y e g -
1= 5 8642 sl Dué 3.3 3.0 2e3 tek 0.4 0.9 2k 3.0 3.1
&=3C 7.7 1.8 Cak 341 2.3 2.1 141 0.4 D7 32 Ly a9
t1=15 ™ 0.8 0.6 2.7 3,6 2.2 0.5 261 0.7 IS 3.5 349
1620 2.9 0,7 2.0 za2 3.3 246 0,7 c2ad 1.2 3.4 648 '
2125 2.2 0,6 4.8 20 3,1 2.0 0.6 1e5 \] 3.5 L2 3a1
26~Exp 1.6 Cab 5.6 2eh 3.0 1.7 €45 tal (1% 3.3 3.2 )
! - . mmmemEASemmREam——————————————— mmemmr——————— - -
REA 5.7 [ 2o 28 3,5 2.2 2.5 1.3 11 343 &1 37
YEAR . Y94V . ARNUAL KERR 2 iYL
PER1OD AAK FEDB MAR APR MAY. UK JuL AUG . SEP oLT HOY PEC
- e m—— i mm—— e ——————— e —— -
L) 2.0 1.5 1.0 fe2 2.5 405 123 3.7 5.3
&-1C 1.7 1.1 1.0 145 2.6 3a4 1.7 2.9 1246
Itats 1.6 1.1 0.5 1.5 243 2.7 32 2ed 2341
16=30 1.7 N Ga? 1.7 2.0 2ot 3.6 3.1 5.2
21=25 . Te? Ca? Oaé 2.6 1.9 1a8 3.8 2453 848
2=ENE . 1.7 - Ged 1.2 243 1.4 1.4 42 24 4i8
o 3 e e e e g e B i . oy o o e e e D D e R O L M e T e A S
HEAN 1.7 fac Ga% 1.7 2.2 Zad 3.0 0¥ 1.4
YEAR : 1570 ANHUAL MEAN ¢ 1.4 .
PERIOL isn O Ees nak AeR  AAY Jux u aup see ot Y bEC
e —wamma A mEvsa s
f=- 5 . 3.3 1.4 16 C e 3,5 &y3 Sal 3.C 12 et 2ab he3
&e1g Zak 2.7 Juk i 3.2 345 hed 2a8 0.7 53 2.3 2.5
11435 2.2 2.2 B.E 1.4 7.7 2.5 5,2 246 .8 . 5.5 242 31
18-2( 2.1 1.7 . Gui bk T.2 F 2.7 2.3 08 kel 4u9 3.0
21=25% 17 i 1ok 0. © 5,7 3.8 Zel . 2.0 1.2 Yab B0 3.2
25=EHD T tee 16t 2.1 343 1.5 Seb 34 1.5 Zed 3.0 543 3.8
A S S S SRS ERIS VLS SR TR PR PR RREA S SRRt S L
‘MEAN 2.2 1.8 11 1.9 3ak 3.2 3k za3 13 3.9 4.3 3.

J~43



Pakle 15

ANNUAL- REAN @ Ta?

5.pDAY [NFLOW DISCHARGE AT MACAP DAM (2/3)

YEAR = 1971 .
144 Hay REC
wA AFR WAY JUK Jut AuE _______fff,_..--.-......._---uo-...-------n....
PERBOD JAN A U IO T s P e
LA . ——— PR ———— ermernm e ——— P il wmams Nu? 2e1 . % 23
1= 5 1243 1.5 1.2 1.8 1.3 0.8 tad o0 Tog ey 140 1,2
; 1.3 1e6 Teb 1.6 * M 1.2 3.8
8- 11,6 11 1.2 . ¢ 1eb 1.7 =5 .
115 o 2. 1.0 1.2 33 8et H 20 125 Oub 142 7
15-2¢ bl [ Ced )t Ve g" 1o2 Zed a2 1.0 1.2 i34
71425 3.0 0a? 1 13 1.2 Eh 3e9 2 140 0.8 1.5 L
26~END Zel 140 o3 . M e A PR LTS Sttt
P ) 13 1.8 1ab 0.7 1.2 s
YEAR ¢ 1972 ARKUAL HEAR 1.1
o LT vEE
PERIOD m fee ®AR ABR wAY JUN Mk _‘f‘jf______-EEE..-,-"--:-.._--.-_......-..-....---
A N ah e e S Oy i ————— - ot o b ar e o AR e B R . . ' 4 0
1=5 1.3 0.6 1.9 1.5 5.5 2.1 1.7 Dk ;.g i.g 2:; 40
- : i Tu5 i 3.8 1.8 1aé 0.5 N N 3 ,
4=t Zat 148 3.7 1.5 3.7 Iuh
L0 2.6 1.1 2.8 Tié 1.3 1.1 Db . . : HY
jaae 104 ies 5.8 3 2.3 1.7 0.3 0.8 a2 1.0 tst %3
- 1] - - - a L2
) i i b Y 0 ore s P84 s 4as | 5l
v . * : et o e S 135 o 5 Y 5 e o oD 3
140 Ded a8 1.9 3.5 51
YEAR @ 1973 AKNUAL HERN 5ol
LS U PO JUCTE.. ..
B P R o ST A S B
4210 544 1.5 245 343 3.5 7a8 1,8 s - 3
. 3 435 1,7 1.3 3.5 2.0
13-15 hok 1.2 2,1 3.1 a3 4 “ .
30 1,3 1.2 2.4 za¥
14-2¢ 3.8 5.8 147 3ot 2.8 . .
21-25 341 5.2 1.5 Wy 2.5 242 2.7 24§ i,g i.:
23-END 2,5 §.F 1.5 5.3 2.4 __E.s (%1 2.7 . .
nEAR ‘. 3.3 2.1 3.7 341 - 3.8 .0 te? 3.2 e
YEAR = 15974 AKHUAL MEAN : Jel
PER1OD ke FEB HAR JuL Kye SEP ey Now DEC
1+ 8 .4 Gu? 1.4 0as 145 1.2 1.8 [ 137
PNT: 1.1 1.1 1 I 12 1.2 2.6 0.4 138
RISt 0.8 1.8 1.0 044 1al 1.6 2.0 [N 122
16~20 e Ged 0,7 Dud 0.9 208 143 2eb Yol
21-25 0.3 1.0 1,5 Db [} 2.5 1.2 30 2i0
26-END Qak 1,8 2.4 2.3 9% Cak 1.2 1.2 i 0,9 a0 1.5
et ———————— et m——— ———— o m——————— e e i —————————— A ARG u et
MEAR 0.3 1.1 Qa8 (9 1.8 Ce3 (LY Vel a3 2.0 Tab 135
TEAR : 1575 AMNUSL MZAN : Ta0
PERLOD F1vY FER nAR AFR mAY Jun JuL " aug SEP oct How EC
1- 8 1.2 1.0 $07 2.1 2.8 bt 1.9 145 1,5 Va2 a3 22
&=1C [ 2.8 2.1 2.6 2.0 249 1.5 1eb Zab 1.0 2a3 1%
11-15. 201 3.7 128 5.5 1.7 Zo4 1.2 T2 2 1.8 245 2
1626 ta7 I 1.4 5.2 fet 5.3 0,9 1.0 145 1.0 Zut 1.2
21-25° I FIX 2.2 4.3 te2 3.1 1,2 1.0 145 1.0 216 0a%
26-EHD 42 tat 1.9 3.2 3.8 2.3 1,7 0.2 1,2 0.8 P 37
HEAN 1.3 2.2 1,9 3.9 2.1 33 1ok 1,2 158 1.0 2ab 133
TEAR @ 1%7¢ ANNUAL NEAN : %
PERIOD Ty 1T nin are RATY auy Jui AUE sep oet nOY 134
amm——— o ———— rpmem——— ammmmm— A R R A —
3= 5 0.4 0.2 L 1.9 2el (] a.6 H f
PRT: ous 0e2 0.7 200 1.7 0as 0.9 i 1t 12 Pt o
11-15 T8 Qe 240 13 148 [ 2.3 1.8 1.3 Se2 LY 2ad
$6m2C 0.4 De2 3.0 1.5 1.4 044 2.7 15 1.2 [ 343 433
21+25 0.4 €42 2 1.8 12 Gud 2.5 1.5 1.1 tut 2.9 Tk
L L L R 0.2 ot 52 2 1es 500 24 dab
nEAK et et et 19 145 0.5 23k 2.2 tad 42 L 30
VEAR 3 §977 AHMUEAL REAN : 2.8
55232‘“““::3 ______ -:EE ...,__f:q APR nMAY JUK . dug LU SEP o7 HOV DEL
-5 545 1.0 1.2 Lok Gz M PR momen T e
P PR ¢ S - T+ S v S R ¢ S+ ¢ S A
$1-15 11 €.7 0.8 Gk tad 2.1 1.2 1a3 2l 423 128 102
;?:ggp i.s 5.5 8.7 Gyb a8 157 t.3 1.5 1.6 3ok 1.7 0a%
26-EKe i S ore o i " -9 2 1.4 .7 2.0 a7
A S A e e fut 22 2:0 19
AERK 346 Loy 0.8 Guk 1.0 1,5 1.0 1.8 Z.7 4a5 168" 1.3
TEXR 3 §978 ANHUAL MEAN 3 0.8
FERIOD JAN FE 3 )
2 L1 ARR ay JUR oL AUG SEP ocTY KoV (139
tof Zel 3af
124 1.9 3.0
1a2 1e8 5.0
fak 1.9 25
2al 17 L
3.0 3.2 37
1a8 2il 354



Table 16 5-DAY INFLOW DISCHARGE AT MACAP DAM (3/3)

TEAR @ 1579 AHWUAL HEAM 3 h)
PERIGD ur:” ) 23] L u-“‘iﬂ . _nn Ay JUN we AUS sEp ocy Oy bEL
i 8 2.8 6.7 Dadb Y 2.5 Y “;_3 " ";:;‘ 2.4 “"; 5 ;-;"”-";:"
=18 2.f Y] ] 3t 243 Cat 1.1 1.7 2.2 PR 23 5':5
"-;15; i-g g-z 9-? ‘;-3 :-30 C.8 0.8 teb 2.3 D.8 2.7 2ad
14+ . . G «d . 242 LY 1.1 2 0.9 3.0 2.0
29425 1.1 a4 0.3 2 1.9 2.2 150 0.3 o 1.7 P Tob
26-EMD 140 Cob 1.3 Y Ta? L 2.7 1.4 1.8 2.5 106 1.0
AEAN s C.5 J.3 3.3 1.5 1.3 1,3 1.7 Zat 1Y Aot 247
YEAR : 1980 AHNUAL HEAN t 140
PERIOD JAK FEB . omAn APR Ay JUN s UG sEP oey Nav BEC
1- 3 0.7 1.0 " s 1.2 2.3 249 1.0 0.6 147 3.3 341 Aad
4=1L0 Ged (%1 Taé 1.2 1,2 1.2 07 Qa7 243 3.2 1.5 S5a?
=13 Qut Va7 Cab 1.3 225 Zah 0.8 b3y 2a1 3,0 3.0 el
16=2C 1.1 Cad [ 247 1.9 Za1 Ced 2a7 : T.8 - 3al T 335
21-25 2,5 .4 1.0 3.2 1.5 1.7 Osb 2ak Yo% 2eb [ 3% ] Tud
Z6-EHD 1ah Ceb faC 249 2.6 L] 046 1.9 ko 2.7 SaF 2a3
NEAK Yol 0.7 D48 2.2 74 243 0.7 2e0 2.7 3.0 440 Fad
YEAR : 1981 ANHUAL MEAN 3 1.0
PERIOD FIvY teg RAR APR YY) JUK au AUG SeF [ 131 HOY $EC
1= 3 2.0 U.? 0.6 145 beb ta? 0.5 1.3 [ Tok 2.6 ta¥
=10 1.7 Tud a7 3. 4.2 Yad Dk 1.2 (%) Ta 33k -
11=15 1,5 LY. [Py bal 345 11 Dok 1.0 240 1.8 1. 40
16-20 3.3 Gub Gt 5.1 3 Qe (U 067 2a2 1.8 2a0 13%1
© 21~25 1ot ek G.6 546 2.6 Ga? Tk © Dab 19 1.8 232 439
26-EkD Ga¥ TGS 1.6 Sa2 242 Cet 1.5 Dok 1.7 Ta7 251 3%
HEAN Ted [} 0e? T ka5 3.3 it 0.9 Ga8 1.5 tad (3 H 5a3
YEAR : 1982 : ANHUSL NEAN : 1.0
" PERIDD AR FER oy oy pEC
1= 3 T 2.4 0.5 t Gak 4a2 bak
6=1C 1.7 Qad 0 Ood 37 3a2
11215 1.3 Gad 2 Qb 29 Za3
1620 1.0 Cas 4 [+ 1% 23 3.0
2125 0a? Qa7 3 1.0 4sl ek
24-EhD Oub 1.2 ] z 743 5a2 528
HEAN 1,43 © Db 1.3 3.0 242 - .5 1.3 2ub 1.2 Da¥ 3.8 aat
YEAR 3 1983 ARHUAL KEAN [ -S
PER10D ELT FEB MAR Apk HAY JUK UL Aug SEP ocT noy (114
=3 0.9 D4 G,2 0.2 1.0 ok L 1.2 2a % L 25 243 1%3
5=10 2a6 Qe? Quk Ga2 Db Ge8 1.0 Te0 - TT 1.7 242 152
1115 ) Qud Dok 0.2 145 Ga8 202 1.3 5.2 1.5 3t Fat]
14-20 t.? Qu5 0.4 el 1.2 0.7 1.9 143 4.8 1o Zo8 108
2123 Ta% [ [ 1Y C.2 1.2 1.8 3.3 3.8 Tul 2a2 350
24-END 1.3 0.4 2,2 0,2 1.2 1.5 2.4 2.9 2k Tl 97
REAN F114 a6 Gul 0.2 A ] 048 1.5 1.8 [ 1.9 248 L1
YEAR = 1984 ANKUAL MEAR : 1.5 _
PERIOD fIY] [11] nAR APR nar JUR UL AUG sER LT (1.3 (1.4
1= 3 [ Te9 1144 245 3.7 2.1 - 125 1.0 23 291 3.3
648 2,7 Fek 8ok 3.5 3.8 2a0 104 1,2 Da8 2.5 246, 33
1115 1.8 TS 4ab 2.7 3.2 244 1.4 1.1 [ 2a1 . 248 258
1620 1.3 a3 249 - 243 2.7 243 2e5 [ Qa8 a7 Aa? 242
2125 . 1.5 4ad 4.0 2.9 2ah 2.0 2.2 0.9 182 1.3 5«5 27
25=END 3.6 L Fek 2.9 2,% 2uh 1.8 1.7 1.0 249 1.5 a7 3%
KEAN 7.6 Gad 5.6 2.8 3.9 2% R 1.1 1.1 1.9 3.3 St



Table 17 RESULT OF RESERVOIR OPERATION OF MACAP DAM
{HYDROLOGICAL CORDITION OF 1971)

CBedMTARINER: urtuhnﬂ'nno:s_srsua LOTERGEY A TAREDNOS L [ASEIHEL_Y - .

(DARLARCAF DAHF mn\ ETLILERR VB uaiopARZEREANE BAR T, ubr2=z 0, {H} Lw12=AL0- U‘H — . “Hu,“,w
e e | i L1-out i rnmt TTieRtriow

P[RIGD DE“C” “””AL ¥ l" H[Sﬂl‘)ﬂlﬂ SIORAE( VGL i-—:z_:!ut:.. ! -:zz:::-:z:::.—.::z::.tﬂhi!l‘“u..‘

samsinsesIEIRIIITILZIAIRaIZSNES

EER2ISIRFILINITI

bAHY HAK2 DANY okn]" bDAHZ  pan} DA

®} DAM] OQAHZ - DAK}
BoAd o dBCHY T b A EEE :

Y,

—eatTgwael

. .0,
._1:_’;_._11‘. Y STV VENUN S T U U SN T UUY NN, DRSS SO K Py, DR R *‘:'3"‘"‘;'*3“—"*3'““3;" e
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Table 20

5-DAY INFLOW DISCHARGE AT SAYONG DAM (3/3)

........ e T R D K R T T A

AUG SEP ocr oy BEC
19.7 190 11,3 204k 7992
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54a4 21.2 1244 b2 81,3
hi.2 6.1 1749 Tted 287
A5.7 4543 3.2 A6a¥ 19,3
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34,4 3843 22,2 387 4.4

g SEP 134 ET Y vEC
1.2 Pe? Bat 245 182 %

Sad Pad 13.3 282 t7ad

4.3 176 5.2 155 Wb

a7 14a2 19.7 15,5 152544

5q1 1020 1.0 2330 97T
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&=10 27.8% 10,0 10,6 5.9 1346 Gat 10,8
<415 Tl 5.5 &yh 5.7 1ht 13.0 17.06
16-20 h6,848 L) 5.1 4.0 14,2 18.5 13.7
2125 T udw 8.0 5.3 5.0 13.3 1443 19.0
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Table 21  5-DAY INFLOW DISCHARGE AT LINGGIU DAM (1/3)

YEAR : 1883
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4-18 P .8 Fub 3.7 2.3 1.7 o 1.7 82 g.; ::; g,;
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13.8 1.7 1.0 546 1.9 2.4 1.4 T 3ol 3.1 12.8 1033
bt 640 0.y 7.3 17,3 1.6 Syd 8,5 1.3 dul 9.6 105
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Table 22 5-DAY INFLOW DISCHARGE AT L.INGGIU DAM (2/3)

YEAR : 1971 : AUNUAL REAN 3 Ga3
PEREOD JAk FEb MAR APR AT JUR JHL AUG SEP .ocr HOY¥ SEL
- ——— b ey b ———— Amemavan e Ok St s
1= 3 4.1 2.3 b9 Te2n 2,7 1.4 € Ll i fi] 3 1,38
418 asas 1.7 iase 1i5a 3i8 173 o9 3 1803 i iz HN
11-1% 19.4 1.3 3.4 1.3 Jab 1.1 (93 a1 728 149 EN-D 14,74
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MEAN 2342 2.1 | 2. 2.3 1.3 2,5 b42 Set 1.% 343 1848
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z1-25 Ge5s Tabt 3,.9x Bale Ga5w PSR Tab% Zube thoets 95t Sabr Saln
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-an ‘s T B T LT R ——— PSP, e ———————— —— .
1~ 5 ' 2w 1,94 L1 <80 eln Tabe 10,0+ GaSn &314 12,7+ 3ids Fude
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5-DAY INE‘LO\.‘\.1 DISCHARGE AT LINGGIU

paM (3/3)
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1115 8.2 1.9 [ 5.3 I 5.t 3.8 845 Ze5 2.8 Jak 245
16-20 4.9 1.3 [ 747 17,9+ 5.0 [ 18] z‘g g.: :.: zg,a
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Table 24

RESULT DE.RESERVOIR OPFRATION OF SAYONG AND LINGGIU DAMS
(HYDROLOGICAL CONDITION FROM JANUARY 1971 TO JUNE 1972) (i/3)

JouR RIVER OPERATION MODEL SYSTER

DAHIZSATONG DAN;

rEREQD
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1= 5

4= 107
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21- 25
24-EHD
ROHTHLY

fER .
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B AR
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21~ &5
24-END
HORTHLY

HAR
i~ 5
LLER ]

[AEERE
16~ 20
2y~ 25
26-ENHD
HouinLy
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1= 5.

&= 1§ .

11- 5
16~ 20
X 25
26-EHD
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MAY
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11~ 15
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HOHTHLY
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0c. 0. 18.0
0. 0. 18.0°
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G . 0. 18,0
3.9 0. 2.0
7.9 0. 18.0
5.8 0. -
1.5 0, 18,0
1.5 0. 17.9
14,7 B, 17.8
15.3 . 0. 17.7
14+9 B, 17,5
1.9 0. 17.4
3.7 0O.
1.7 O, 17.48
7.6 0, 7.9
Wt 8, 12,9
12.2 0. 17.9
2.¢ Q. 17.9
9.7 0. “t8.0
22.6 0.
g5 0. §7.7
2.0 0. 18.0
9.2 B, 12.0
11,5 0. 18.0
13,6 9. 11,9
15,86 U. 17.8
2.5 0.
1.6 0. 17,7
17.7 0. 17.4
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16,9 8. 16.9
17.8 B, 166
16,0 0, 14,3
45,9 . :
15,9 0. 15.9
16.1 D. 15.4
6B 0. 153
16T Us 14,9
WS o0, 1.8
B.2 0. 1445
LT % T %

MWL =

18.0UH} LML=

IHITEAL WL,

W o et LA
-
R

DOoOoLQD

DANZ DANL
{n)

3.0

30.9
3.7
39,5
0.2
30414

30.3
30,6
1.7
30.6
30,5
0.7

20.7
30.9
310
3.0
30.%
30.7

30.5

3ip.2
2949
29.&

29,3

23.9
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2843
2840
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27,3
27,3

TERGET YEAR

FINAL Hal,

DAHY DAMZ DANE
M}

M

18.0

31.0 G
i8:0 3t.0 0.
13,0 3.0 G,
4.0 34.0. 0.
12.0 3.0 0.
18.0 31.0 0.
17,9 30.9 0.
7.5 30,7 0,
17,7 308.5 0,
17.5 3d.2 0,
17.4 30,1 4.
17.6 30.3 0,
17,9 30.6 0.
§7.% 3.7 Q.
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18,0 30.7 G,
7.9 30.7 0.
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15,3 ¢r.0 O,
14,9 27.6 0.

16,6 27.3 0.

4.5 2T U,

14,6 27.% D,
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12:0(H)-BAH2=LENGGIYU BAHD NiWL= 31,0{M} LEL= 25,0(H8)-0AMI=5Ea1L] DAH;

TAHY
(HLHD)
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128.00
128,00
128.00
128,00
128,00

t2s.
123,13
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112,95
109,59
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124 .45
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110,99
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19.57
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0.5
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58.00
58.00
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58.00
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53,31
52.25
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58,00
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1.6 0. 0,
9.9 0.1 O.
8,6 2.4 O,
¥.8 3.0 0.
10,3 &.6 O,
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13.2 5. D
13,7 5. @,
13,7 5.% 0.
13,2 5.6 D,
13,9 5.9 Q.
12,5 343 G,
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13,6 5.5 0,
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£TON OF SAYONG AND LINGGIU DAMS

" RSULT OF RESERVOTR OPERA ! :
fabte # R ' 1971 TO JUNE 1972) (2/3)

(HYDROLOGICAL CONDITION FROM JANUARY

JOHOR RIVER DPixaliun Hopel SYSEEN TERGET YEAR 2005 . . . ; © .0 L= .
DARY=SRIDNG DARI wat= 18,.0(N) Lul= 12.0CH), ANZSLINGEIY DAN; HEL= 31.0(M} LWLz 25.0{M),DAH3=SEDILT PAN;. HWL [1] ._N) L 0.
'S REMA
CPERIOD DFFICIT IHIFIAL WL, FIHAL Wala RESERVOIR STORAGE VOLUHE SPILL=0UT -,___f:iEtfff_-,-___gglitf-;_.-u- EEF:?:P
1971 ail IRR. DAMYT DAMZ DAN DAH1 DEMZ DAKY DARY . pam2 pAHS  DPAHT DAN2 DAK3 bnn:cﬂggﬁz DAMY 22:%)_0{“3 Cenn)
(unity (ensy t K [ (heHy - (MEM) (HERD ‘cffl [ SR e ———— ——
JuL .
1= 5 7.3 0. 4.t 27,5 0« 1446 27,8 0 33,48 23420 0, 0 0. g.u .ga g- ig:g . §-3 g: g:
- 10 13,0 Oy 144 276 0. Fhe1 27.3 i 12.82 18.10 - 0. 0. 0. . 0. 0. bracd 6'6 o ;
Th= 15 16,2 0. 141 27,3 0. §3.7 38,9 O 26,25 14433 - 0. 0. 9. 0. 0 o 95 5.3 0. 0.
16- 20 13,3 0, 13.7 26,9 0. 13.5 26,6 0. 22,25 12.46 0. oo 0. D L0l 1. . 6.6 . 0. o,
28— 25 1645 O. - 13,5 26,0 0. 13.1 28,1 D 15.28 g,56 . 0a ' 0, - 0. gg 0. 9-? : s-9 o 0.
Z4-END 14.0 Do 15,1 26,8 8. 12,7 25.7 D. Q.17 5.61 0. @, (1% 0s . . 26.3 1l.8 : o 0.
HONTULY 37,0 0. : Gu. . 0,. 0. . 0. b - . .
G . '
1~ % 11+2 O, 127 25.¢ 0s 02:5 2357 G 6.83 b O Q. 0. O [/} - Do ;-5 g.g _g- g,
6+ 10 11.9 0. 125 25.7 0. $2.4 23.5 i 5.98 3.85 0. 119 Df Qs 0. 0. 6'5 3-? 0- 0‘
4= 18 9.2 0. V2.6 25.5 0. t2.5 25.5 0. .22 L.12 G, 0. a0, N 0. 8. U‘ 0. _0- u.
16~ 20 0.. 0, 125 25:5. 0. 1341 268 0« 146.34 14,15 a, 1 [ Q. 0. 0. '0'7 ‘0-5 0-_ 0.
21 25 1,1 Do i3.% 2648 0. 13.5 27.3 0. 25.09 18.50 . 0. 0. 0. 0. Oa g? 4. : 0- o.
26-END 10.3 0, ‘13.5 27.3 0. 13.8 21.2 0, 23.89. 17.08 [ 0y - O, 0. 0. 0. b Pt a .
HOHTHLY 19,8 0. - g, 0, 0. [ Q. 13.2 8,8 2. 0.
SEP : . ] . _
1= 5 8,7 0. 13.6 27.2 0» 134722742 0. 2éhh. 1731 0 0. Q.. 0. 0. O 0. 348 3.8 g. 0.
6= 10 Q. 0. 13.7 27.2 0. 16.3 22.0 0. 36.09 24408 0, 0. 0, 0. 0. [£1Y G Q. » 0.
1= 45 1,0 0. V4.3 28,0 0. $hebd 28,4 04 43,04 284148 . 0. B 0. 0. O, 0.7 G,4 0. 0,
16= 20 &.5 D, Véob 2844 6. §5.8 28.5 O Lh.60 29,29 G. 0, 0 0. - 0O Oy bk 2.8 B i,
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HORTHLY 14,7 0. 0. 0. ° QOs. Do 0. 114 7ol 0. 0.
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6+ 10 15.7 0. V4.5 2749 0. 6.2 27.5 O 1563 i19.98° 0, .0, o, 0 B PR | Y 11e2 6.3 0. Q.
$1- 15 14,6 O, 14,2 27.3 0. 14.0 27.2 0. n,.95 17.17 0. 0. 0. [ 0. 0. 10.4 5.8 0. 0,
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11- 45 11,2 0. §3,5 27.3 0, 13.4 27.t O 20,48 16.75 0. RE 0, 0. Be. Do  6e3 546 - 0. 0.
16= 20 12.0 0. i3.4 27.1 0. 13.2 24.9 0. 17,200 14,54 0. G, Q. 0a o, 0, Te2 6.1 . Oa O
24- 25 12,9 0. 13.2 26.9 0. 13.0 26,6 0, 14.15 12.17 0.: o, 0. G. 0, Ba- - Tl bub Dy D.
R6-END 12.& 0. 1340 26,6 0. 1248 2643 U 1,43 10.08 O, b. 0. Oa 'S N Ted  bab 0o 0.
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6= 10 10,9 ©. 12.7 26,1 0., 1Z.5 25.9 0. T.53 7,09 o, .0, 0, Be 0. 0. 6.2 - 5.9 On 0,
1= $5 0, 0. 12,5 25.9 0, 13.8 27.2 0. 27.85 17,34 0. 0. 0. 0a o, Da 0. 0a 0. 0.
16- 20 0. 0, 13.8 27.2 D, 15.9 29,7 0. 7097 4R2a35 0, . 0. 0. 0. 0. 2. 0. 6. - O
21— 25 O, 0. 15,9 297 0. 17,1 30,9 0. 10t,25 56.63 0, - s 0. 0, e 0. [} 0. Qe 0.
26-END O, 0, 17.1 30.%9 0, 17.9 31,0 0. 126.14 53-00‘ 18 Q. 1.2 0. o, 0. 04 0. 0o * 0w
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Table 26 RESULT QF RESERVOIR OPERATION OF SAYONG AND LINéGIU DAMS
(HYDROLOGICAL CONDITION FROM JANOARY 1971 TO JUNE 1972} (3/3)

FOHOR RIVER OPERATIUN MOUEL SYSTEN TERGET YEAR 2003 .
PART=SAYONG DAM; Nwiz 1P,0(N) LWLz 12, 04M) DAMZ=LINGGIY DAB; AWL= 31,0{8) iL¥i=z 25.0(MHV.DAMIaSEDILL bDAM! RWL= (., ¢(H) LWLx O, (#)

PERILDD GEFICIY - IH{TIAL w.L. FlnaL V.L, RESERVOIR STORAGE VOLUME SPILL-adT PLIPELINE aursLov REKAINING
e B T et L L LT e T Y12 12 A 1
1972 . a%1  IRR, OGAMY DAIZ OANMY DAMI DAMNZ DAMY}  DAH) DaMZ BAMS GAMY DANZ DAMI  BAMI  SANZ  DANT  paAKZ  DANS . )

wairy . (Ensy {n Cn) N ¥ 11} ] I L €19} ton® (T3] LCHS) . (LHS)
JAH . S . -
-5 1,7 4. 17,9 3.0 0, 8.0 31.0 @O, 128.00 56.00 Q.. 1242, 4.8, 0. 6. Q. 1.4 0. Qu [N
4= 10 . 9.7 0. 18.0 35,0 0, 18,0 31,0 0. - 127.76 57.89 0. G- 0. 0. 0. a, 8,1 2.7 0. 0.
Y= 15 1205 0. 58.0 3.0 00 17.9 30,9 0. 124,24 54.29 g. Q. [T a, [ 0, 9.9 3.9 @. a.
16~ 20 11,2 0. 1729 30,9 0. - 17.9 3008 0, $24.30  56.00 0. 0. 0. 0, 0. 0. B.6 3.9 0. 0.
CRE= 2508055 C0. 879 30LE 0, 17.8 30.7 8, 122,841 sh.5d 9. . o, 9. LN [ 3.8 hed O a,
24-END 13,9 0. 7.8 30.7 0, 17.46 36.5 O. 115,90 51,90 o, O 0. 0. 0. 0. 10,7 4.3 0. 0.
HOMTNLY 2743 O : : 5,3 2.7 0. 0. Da  Eleb  Bal - . a,
FED -
1- 5 13,8 0. 7.6 3.5 0. 7.5 304 0. 112,22 50412 0. 0. o, 0: 0. 0. 10,8 4.7 0. 0.
LRI A0 O 3.5 306 0. 17.5 3T.2 e 112079 47,99 0. . 0. 0. 0. L' 8. t0.5 4.6 . 0. 0y
11- 35 12,5 0. 323 30.2 0, 17.5 30.0 0. 112,04 43.89 0. 0. 0. 0. o, 0. 9.9 440 0s 0.
16= 20 15.% .. 17.5:30.0 0, 0 17.3 2P.7 0. 405.6% | 42.5% 0, Q. 0. 0, b T 2.8 5.3 De - 0.
21~ 25 14,2 0., H7.3 29,7 .04 1743 29,5 0, 107,49 40.13 0. 0. 0. 0. 0. 0. 13.5 4.3 0. Qe
28~END 13.5 0. V7.3 9.5 DL 17.3 9.5 0, 198,20 3893 0. 0, P 0. T T 11,0 4.0 0. b
HONTHLY 3541 B. ) 0, o, o, ¢, 0, 27.86 11.2 . 0. 0.
naw : : : .
1= 5 16.d 0. 1703 296 00 1740 29,1 0. ?8.83  35.75 0. 0. 0. a. 0. Ba. 1345 4e® e Q.
b 1 1744 Ou 17,0 29.0 0h  16.7 28,8 0. 90,06  12.39 0, 4, 0, 0, 0, 0. 1he2  So1. 0. 0.
1= 1S ¥4.8 - 0, 16,7 28.8 0. 16.4 28.5 0. B3.55  29.59 0. a, G, Qs 0. G, 13.8 4.8 Oa 0.
$6= 20 17.0 0. 1.4 28.5 O. 1641 28.2 0. 15,46 26.41 . 0. Q. 0. 0. 0. 14,0 4% 0. 0.
21+°25 1645 0. 1641 28,2 0. 15.8 27.9 0. s8.8%  21.5% 0. 0. o, Oe 0. G. 137 4.7 O 0.
26~END 17,0 0. 1548 27.9 O, 15.4 27,5 0. $9,50  20.40 o, ' o, 0, 0. (s 15.1  £,8  D. 0.
HORTHLY &5,1 0. : . - 0. a9, - 0. D . 0. 7.1 13.0 Q. 1%
AFPR
=5 By?7 8. 15.6 27,5 0. 15.4 28.0 " D. 60,22 2&.47 0. 0. 0, 0. 9. 9. 4.8 2,8 0. 0.
6~ 10 3,0 0, 15.4 28,0 0, 15.6 28.46 0. 43.88 30,13 0. 0. 0. 0. LN 0. F2% TS B Oa
11« 15 0, - 0. V8.4 286 0. 15.9 29,2 0. 71,37 34,54 0. 9. 0. Q. Q. Q. Q. [ Q. 0.
1620 0. 0. 15,9 29.2 0, 16,3 29.9 0. B1.03 4,61 0. 0. a. 0. 0. 0. 0 a, 0. 0.
L2125 @, 0, 4. 9.9 Q. 14,8 0.6 G, 418 52,57 9. a, q. 0, o, Q. Q. ' a. 0.
26-END O, D, 16.3 30,8 0, 17,5 31.7 0. Vil.B4 58,00 Ou [N 5.6 0, 0. 0. 0. 0. 0. 0.
HOHTHLY S, O, : a, ¢ & 0, q, L 1.9 1.7 a. G,
LIS . :
Ct=5 0. Qe 1745 31,0 0. 17.9 3.0 0.« 124.67 58,00 ' 0.. 9.2 0, 0 G 0. 0. o, Q.
6= 30 2.1 0. 17.% 34,0 0. 13,0 31.8 9. 128,006 38.00 8. 6.6 T.h Q. [ [ 2.3 0. 0. 8.
M- 15 4.0 8, 18.0.31,0. 0, . t8,0 3.0 ©. . §28.00 58,00 0. 2,8 4.4 -0, 0. 0. .7 0, 0. 0.
“4b= 20 B,6 0. 8.0 31.0 0. 1£.0 1.0 ©.  Y2B.D8 58,08 0. e, .8 O, 2. 0. 7.6 2.0 2. 9.
CL21<725 .0, @. 18,0 31.0 0. 18,0 31.0 0. 128,00 58,00 0, 24.3 11,6 0. 0. 0. 0. 0. 0. 0.
Te~EWd . 0. D, 8.0 31,0 B, 15,0 37,0 9, 128,00 58,00 f. 23.2 1.3 G [V Ga [ 0. 0. 0.
HONTHLY 7,2 B, ’ : 26.5 21.8 O, 0. 0. Tal 0.4 0., a.
Jun o )
- $ 0 3.6 U, 18,0 31.0 .0, 18,0 31.0 0. 128,00  5E.0D De B.Z bk O 0. T, LU B, 0. 0.
&= 10 10,0 D, 18,0 31,0 D, 18,0 31,0 O, 126,90 §T.51 0. 0. 0. 0. 0. 'Y 7.4 3.9 G 0.
1~ 15 8,14, 18.0 31,0 0. 16,0 31.0 0. 128,00 58,00 0. 6.7 h.4 0. G. 9. 9.0 0. 0. o
16- 20 1,9 0. 18,0 31,0 0. 18,0 31,0 ©., 128,00 58,00 0. 16,1 8.3 0. 0. 0. 2.1 0, 0. 9,
21- 25 2,9 U. 18,0 3,0 0. 8.0 31.0 0. 128.80  §8,00 a. 13,9 4.9 0. 0. 0. Y.z 0. 0, 0.
26~tnp  £,3 L. 18,0 31,0 0. 18,0 37.0 O, 128,00 58,00 . 0. 2.4 D G- a, 2.0 9.5 9, a.
HONTHLY 5.2 0. 16.8 1044 S 0. 0, 15,0 1.¢ a, 0.
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Note:

Table 27 LIST OF ALTERNATIVE DEVELOPMENT PLANS

Present Valuell

of Dam Cost in

99,6
69.3
95,4
82;3
83.5

f1: Time basis; 1986, the commencement of service;

[2 /3
Dam HWL S
sayong 17 98
Sayong 18 128
Sayong 2L 247
Linggiu 33 89
Linggiu 34 107
Linggiu 35 126
Linggiu 40 253
Sayong 16 13
Sayong 17 98
Linggiu 33 89
Linggiu 34 107
Sayong 17 98
Saydng is 128
Linggiu 34 197
Linggiu 35 126
Sayoﬁg 15 25
.Sayong 16 73
Linggiu 31 58
Linggin 32 73
Linggiun 33 89

and discount ratey 10%

[2: High water level

/[3: BActive storage

J-56

Second Dam

Linggiu

Linggiu °

~ Sayong

Sayong
Sayong

Telor

Telor

Telor

Telor

Linggiu

Teloxr

/4: Completion of dam construction

18
17
16

24

24

22

22

24

128
98
73
18

18

10

10

58

18

et s et et et e A o o e R i i o o B hm e ek S o SR8 ] "

2000

2002

2003

2003

2000

2001

1992

Ranking
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