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1. INTRODUCTION

The Annex presents proposed development plan, design of water
resources facilities, and a summary of the assumed construction schedule

~and cost estimate of the proposed facilities.

In the Preliminary Draft Final Report, the results of four case
studies revealed the superiority of the Case 1 from economical view-
points. However both the Federal and the State Governments of Malaysia
adopted the Case 2 to establish the regional water resources development

master plan to aveid influence of future uncertainty of water abstraction

by PUB.






2, PROPOSED DEVELOPMENT PLAN

2;1 General

At the inception stage of the Study, nine dams and two bérrages
were idéntified as the water source facilities and four cases bf baéic
water resources develOpmenﬁ concept - were determined by the Steering
Committee held on October 12, 1984, fof further study. .These study cases
.were.due to uncertainty of future water-abstractioﬁ from.the Johor river

by PUB. Four study cases are as follows:

Case 1: The abstraction by the PUB will reach 266 x 106 m3/y or 160 Mgd
. in 199G and 415 x_106 m3/y or 250 Mgd in 1995, After 1995, the
abstraction is kept.constant of 250 Mgd up to 2005. The watexr
resources and supply facilities are to meet water-demand in

both the State and Singapore,

Case la: The abstraction 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 Jochor but water deficit of

Singapore is not loocked after,

Case 2: The abstraction by the PUB 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 Case 2,
However, water resources and supply facilities are develo?ed
only:to secure the water supply to the State of Johor but water

defigit in Singapore is not looked after,

- The location and condition of source facility sites are shown in

Fig. 1 and Table 1.



2,2 Proposed Development Plan

2.2.1 Case study

A aforementioned four cases are assumed to establish water supply
plan in the Region. The simulation study on water  demand and. supply
system is carried out to find water deficit in the target year 2005. The
results revealed that serious water deficit would occur only in -the
central region that consists of a group of cities and towns such as Johor
Eahru, Kulai, Senai, Kota Tinggi and small communities. 5o the  water

resources planning has been concentrated on Lhe said region.
2.2.2 Selected case

The case study is resulted in the comparison of econonmic
construction cost for each alternative, Table 2 shows the development
alternatives and_their-economic construction cost with ranking among the

options. Selected alternatives in each case are as follows:
Economic Cost

Case : Combination of dam in 1986 (M$106)

Linggiu (HWL 31)

Case 2 Sayong (HWL 17) . 75.6
Case 1-A Bayong (HWL 18) 82,3
Case 2-A . Sayong (HWL .16) 69.3

2.2.3 Stage development and eniafgement of the dam

As mentioned above Case 2 is selected f0r the master planning at
the said Steering Committee meeting.. In the condition of Case 2, the
sayong dam with high water level (HWL) of El. 17 m can sustain watér
demand by 2005, However the optimum scale of the Sayong. dam:is found.at
the scale with high water level of El. 18 m as studies in the ANNEX'L;
From the view'point to develop the dam upto its optimum scale, the stage
development Qf the Sayong dam was studied in estimating the ecoﬁomié
construction cost in two stages, |
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- Table 3 shows the cost.of additional construction works to enlarge
the dam in the future; the year of second stage construction is assumed
as 2006, next yvear of the target year. Estimated economic cost for dam
enlargement from the scale with HWL 17 m to the scale with HWL 18 m are;
the cost of M$0.81 x 106 which will be included in the first stage
construction for the base of enlérqement, and the cost of M$0.12 x 106

for the second stage in 1986 time basis.,’

Because the cost of the Sayong dam with HWL 18 m is equivalent to
the sum of the cost of Lthe scale at HWL 17 m and of additional
enlargement cost, it is concluded that the construction of the Sayong dam

with HWL 18 m is recommendable and preferable from economic view point,.

2.2.4 Recommended plan

As mentioned above, four case studies were carried out and
eventually the Case 2 was selected in establishing the regional water
resources master plan, Several options, in other words combination of
dams are considered to meet the demand in the'target year 2005, To
evaluate options accurately, least coét criteria is applied on the éame-
- time baéis at 1986, Also‘coﬁcept of economic cost is applied to each

development scheme,

Finally, the development scheme of the Saydng dam with high water
level of El, 18 m and water supply facilities with supply capacity of 107
Mgd, which is the required supply capacity in 2005, are recommended. The

principal features of the proposed plan are shown in Table 4,



2.3 Major Facilities to be Developed

2.3.1 Dam

To meet water demanD in the Region in 2005, the construction. of-
Sayong dam with high water level of KEl. 17.0 is reguired by 1991,
However, through the economic comparison of the alternative development
scales, eventually the constructidn of Sayong dam with high water level
of El. 18,0 m is recommended in the light of developing its potentiality
upto optimum scale, The proposed dam is an earthfill dam of 808,000 m3
in total embankment volume. It 3s 31 m in the maximum height and 1,140 m
in crest length. The dam crest is set at El. 25.5 m, The principal

feature of dam is shown in Table 4,

A concrete spillway section is placed at the left bank of the dam,
The spillway is of a.free overflow tfpe with orgee crest of 50 m in
width, Two lanes of circular diversion conduit are constructed beside
the spillway. Both of the conduit are utilized for installing'two sets

of river outlet having a hollow-jet-valve to regulate outflow.

Pfincipal features of dams selected in case study are shown in

Pable 5 and plan of Sayong dam is shown in Plate 1.
2,3.2 Intake and water treatment plant

_ The intake site isg éelected-through reconnaissance survey along the
Johor 'riVer;_ Consideration is given to the site whereat a proposed
intake could be so located that the intake ports are submerged at all the
Stageé of the river to a sufficient depth. Adding: that, several
‘technical viewpoints are considered for the selection. For instance, an
intake site in the downstream has advantage over an intake site in the
upstfeam in abstracting. discharge from remaining basin. While an intake
in the downstream would have problem of water quality such as saline
water intrusion in the dry season or high tide périods‘more frequently

than that in the upstream,

Through the site selection, which is a kind of trade-off decision

on merits and demerits between a site in the upstream and in the’
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downstream. Finally, the site at Kg, Tai Hong which is extending on the

right bank of Johor river is selected.

Two sets of water intakes are planned, Intake structures consist
of a conduit with protective works and coarse screens at the open end and

floating gates.

In the proposed development plan, the dimension of each intake is
12 m by 11 m. Each intake has four ports which are of open end of pipes

connecting an intake and a low lift pumping station.,

A new water treatment'plant to treat required amount of water in
2005 will be constructed at Kg. Tai Hong by 1991. Main facilities of the
treatment plant are lodated on the slightly higher place aparting

approximately 200 m from the river.

The plant will havé'capacity'of 107 Mgd to treat river water. The
type of proposed plant will be of a type of rapid-filter plant of which
essential features afe chemical coagulation accomplished in flocculation
basins, clarification accomplished in setitling bésins, and filtration.

The required area for the plant with the said capacity is about 50 ha.

The basic layout of intakes and treatment facilities are shown in

Plate 2,
2,3.3 Pipeline

To: ccnvey treated water from the treatment plant to the demand
area,.new pipeline.(transmissibn maih) will be constructed, New pipeline
route is proposed to be laid in parallel with existing PUB pipelines at
this master plaﬁning stage. The pipeline route is selected based on the
map with scale of 1:25,000 with. due consideration for topographic
elevation:of_the roﬁte, accessibility to the route from existing roads
and minimizing total length of ‘the pipeline. However the route will
necessarily be studied through detailed survey in the future stage., The

proposed pipeliné route is shown in Fig. 2.



The required new pipeline will be of steel pipe in double-lane with
diameter of 1.6 m. The diameter is determined so.as Lo have sufficient

; o, 3 .
capacity to convey required water amount of 107 Mgd (5.63 m™/g) in 2005,

The land space reguired for a new pipeline 1is approximately 20 m in

width,



3. DESIGN OF DAM

3.1 Reservoir and Pamsite Characterigtics
3.1.1 Dimension of reservoirs

' The topographic maps with the scale of 1:10,000 were made for the
éelected areas such as Linggiu, Sayong and Sedili Besar river basins by

‘the JICA survey team. The contour interval is 5 m.

The area~capacity curves were made to show the relationship betwéen
réser&bir' surface elevétion and reservoir area. The basis for such
curves are a topographic map with the scale of 1:10,000 for the said
three prospeétive regservoir areas and a map with scale of 1:25,000 for
pfospéctive- Benut, Pontian Besar, Uppér Pengli, Telor and Layéu Kiri

reservoir areas, These curves are shown in Fig. 3 through Fig. 5.
3.1.2 Technical and socio-economic problems due to submergence
(1) Sayong reservoir area and damsite

The prospéctivé reservoir area in the Sayong river basin is widely
: deVéloped,'such as rubber plantation, oil'palm plantation and aléo as
‘reéidéntiél areda, For example, 1,782 ha of oil palm area will be
édbmérgéd if the water level is set at El. 20 m. In the upstream area of
!£he'8ayong rivér basin the town Layang-Layang with a population of 5,000
iﬁ 1985 is iocated, in which housing development is thriving over the low

land aldng the river.

Land acquisition and compensation for houses and private and public
facilities are the heaviest burden to the Sayong dam scheme. When the
resefvoir wabter level comes to higher than El. 21-22 approximately, an

dilJpalm mill having a capacity of 50 ton/day will have to be relocated.

. As topographic map shows, the highest point of left abutment of the

damsite is approximately 20 m which is not high enough to sustain a dam



bedy. Then the spillway structure with a tall gravity wall functioning.

an artificial abutment is designed to retain the dam body.
(2) Linggiu reservoir area and damsite

The prospective reservoir area is 12.4 km2 covered with natural
forest including the forest reserve area of 126 ha if the water level is
set at El. 30.5 m. The land to be submerged by the construction of a dam
belongs to ﬁhe Stéte, which makes it easy to deveiop a dam scheme in the
area from the view point of land acquisition. However, the ﬁossible
damsite is very limited by the topographic condition, Possib;e damsite
is identified about 15 km upétrean\ of the confluence with the. Johor

river,

Two. or thfee.dém axes can be found at the site, but they exist

- closely each other within the range of 300 m,

Base rocks in the damsite and reservoir consist mainly of
.phyroclastiés and lava, which belong to upper Permian age, 'Geology of
the damsite consists of rhyolitic tuff and tuffaceous sandstone. The
depth:of'river deposits is 10 m and the depth of overburden is abovt 10 m -
in the rigﬁt abutment and 15 m in the left abutment, According to the
results of core boring inveétigation which was carried out from November
1984 to January 1985, foﬁndatién rock at the proposed damsite shows
rather high permeability. Permeabiiity of intact rock at the damsite
sﬁows_high value ranging between 1_:1:-10—3 cm/s and 1 x 10;4 cm/s, The
'resﬁlté of water pressure test in drill hole LG-3 on the right bénk show
- that the foundation rock at the damsite has high permeability even in the
stage of low water pressure such as 1 or 2 kg/cmz. This indicates a
possibility that after impounding water in the reservoir, high water
pressure’ would cause leakage, Furthermafe, ground water level is 20
‘meters below the grpund surface in drill hole LG-1 of the left bank and
13 meters in drill hole LG-3 in the right bank. Thig indicates‘thé
existence of the underseepage path ‘which would cause ioss of watgr and

. finally failure of a dam.

Po avoid problems may encounter after implementation of the dam, a

concrete diaphragm is designed under the dam body along dam axis because
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~the foundation is considerably permeable. The depth is determined so
that a diaphragm could.reach to the level of which Lugeon value is 5 or
less than that, Because this Lugeon value is normally accepted as the

target level of improvement for foundation treatment by grouting.

The construction cost for the diaphragm shares 47% of the total
cost of main construction works at the.dam scale with high water level of

El. 32 n. This geotechnical problem is the heaviest burden to the

Linggiu dam scheme.

The watershed between the Linggiu basin and the Jengli basin deces
not show clear boundary at the uppermost stream of the Jengli river
indicating only low land of jungle of which elevation is in the range
from 100 ft to 150 ft by the available maps with scale of 1:25,000 6r
1:63,360, ' '

A saddle dam will necessafily be required to.retain reservoir water
for the Linggiu dam scheme, At the reservoir surface level over El, 36 m
(approximately El. 120 ft), the construction.of a saddle dam should be
considered since'permeablé rivér deposits eXist_along’the kiver course.
The construction cost for a éaddle dam is included in the.estimated cost

of dams higher than that with high water level of El. 37 m.
(3)  Other reservoir areas and damsites -

Concérhing other reservoir areas and démsites; technical problemé
are not found so far, Land acquisition and compensatioﬁ are the common
matters to be cleared. Particﬁlarly in the prospective reservoir area of
the Pontian Besar dam, a considérable length of national highway-will ba
submerged. by the creation of a reservoir, Sedili reservoir area 1is
mostly covered with forest. Except to submerge a part of afforestation
area no technical and social problems are found. in the proposed Sedili

reservolr area,
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3,2  Types of Dam and Auxiliary Structures

3.2.1 Dam

Through the field reconnaissance, geolpgic drilling and
construction material survey, it is clarified that technically an

earthfill type dam is suitable for each damsite.

The engineering assessment of the earthfill material  for the
selected damsite such as Sayong, bLinggiu, Sedili Besar and Upper Pengli
is summarized in ANNEX I. The soils prospected to use for the impervious
earthfill at each site are of fine-grained and plastic type as-a whole,
so the careful design will be reguired at the future implementatidn

stage.

. The fiéld reconnaissance cérried out by JICA expert revealed that
deposits of the river sand are limiﬁed in location and scarce. Borrow
‘area to obtain sand gravel for filter and concrete aggregate materials
will have to be found:out of vicinity of each damsite. And also guarried
rock sources are not found in the vicinity of each damsite. Those are

main reason for the decision of a dam type.

The results of core drilling carried out at the selected damsites
show the existance the fractured weak foundation rock except Sayong
damsite. This is the third reason to propose fill type dam at the

damgites in the study area,

‘The slope of earthfill dam is determined on the basis of ‘a slope
Stability anaiysis. . Basic property of cbnstruction materials are
obtained from laboratory tests carried out by Federal DID laboratory in
Kuala Lumpur, .Tentative degign values of embankment materials are shown
in Table 6. ‘The typical section of proposed'dams are shown in Fig, 6.
The location and condition of each damsite are shown in Fig. 1 andLTable

1. General layout of each dam are shown in Plate 3 through Plate 6,
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3.2,2 Spillway

The catchment area of the eight proposéd'daméites.are ranging from
31 km2 Lo 224 km2 exXcept the one of 662 km2 at Saydné damsite, This
suggests that spillway operation against flood inflow be prompt and
reliable. Furthermore, the proposed dams are planned only for w;ter

supply purpose. The following 'fundamental reguirements are applied to

the spillway design: -

{a) Non-gated overflow weir;
{(b) Open channel chuteway;

(¢} Spillway structures be installed on the firm foundation rock.,
3.2.3 River diversion works for dam construction

A diversion conduit _systém ingtalled 'in the concrete spillway
section and a nmltistage'channel system are compared, and eventually it
is concluded that a diversion conduit system :is suitable for' Linggiu,
Sayong and Sedili damsites as width of valley bottom is not so wide to
execﬁte muitistage diversion method. While concerning five damsites;
Behut, Pontian Besar, Upper Pengli, Telor and Layau Kiri, a multistage
diversion system is considered to be suitable as the width of valley

bottom is more than 500 m.

3.3 Design Criteria Applied to Dam
3.3.1 General

Application of a local design criteria.is preferable; however no
authorized criteria on dams auxiliary structures have been prepared yet
in Malaysia. Then the study was conducted mainly based on the criteria
under.Japanese National Committee on Large Dams. It is modified to some
extent taking into the local peculiarity and practices_which have been
applied to the existing facilities. The British and the USBR standard

are alsc consulted,
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3.3.2 Reservoir water level, freeboard and spillway discharge capacity

(1) High water level

The adopted spillway is a non-gated free overflow type with orgee-
crest. Accordingly the high water level (HWL) corresponds to the orgee

crest of a spillway.
(2) Low water level

The low water level {(LWL) is so determined thalt an allowance of 2-4
‘m is provided for <the intake elevation above the elevation which
corresponds to the horizontal sedimentation in 100 years. The "annual

average sediment in the project area is assumed to be 0,25 mm/y.
(3). Freéboard for mon-overflow section of main dam

the freeboard which provides the highest crest elevation of non-
overflow section of main dam is adopted from the following alternative

combination of freeboard and the maximum design water surface,

The Maximum Design Water Surface Freehoard Reguirement

‘High water level HE (1) = hw + he + ha + hi

or 3.0 m for fill type

Design flood discharge water HE (2) hw + ha + hi
level without reservoir or 2,0 m for fill type

retardation effect

PMF water level with HE (PMF) = ht

reservolr retardation effect

where, hw: Wave height due to wind
he: Wave height due to earthquake
ha: Rise of water level due o unexpected accident in

operating spillway gates (0.5 m for a gated type and 0O
for a non-gated type)
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hi: Addition of allowance for safety according to type and

. dmportance of dams (1.0 m for 111 dams)

Through the comparative study on altérnative combination of
freeboard, the crest elevation of the non-~overflow section of a dam is
determined as thg sut of the PMF water level and freeboard by wave

height, as this combination gives highest crest elevation,
3.3.3 Design flood discharge
(1) Estimation of Flood runoff

- The flood discharge at the proposed damsites is generated on the
baéis of point storm rainfall data recorded in the Study Area. The list
of rainfall gauging stations selected for the flood analysis is shown in

Table 1 through 2 in ANNEX D.

The direct runoff hydrograph is generéted by the storage function
model which.is so made as to represent hydrqlbgical characteristics in
the Study Area. By means of the said modél, probable floods ahd'PMF'aré
estimated. Table 7 shows the peak discharge of ;mobable floods with
recurrence interval of 2 to 10,000 years add the one of PEF at the

proposed damsites,
(2) Pesign flood for river diversion

The river diversion works are required for dam construction to
pkevent or to minimize damage by floqding before completion. As
mentioned in 3.2.3, a diversion conduit system is applied to Sayong,
ﬂinggiu and Sedili damsites and a multistaqe diversion system to other

five damsites.

The choice of design flood for: river diversion is a trade-off

decision between economy and safety.

The  diversion conduit or channel discharge capdcity is determined
so that the 20-year flood runoff can be discharged under free flow

conditions in ‘order to divert floods in one dry season - without
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overtoppiné the cofferdam with freeboard: of l'fm. The hydraulic

conditions required for river diversion works are:

(a) the maximum flow area of a circular conduit be 82%, and

(b) the maximum flow velocity be less than 10 m/s.
(3} Design flood for ‘spillway and dam

The'peak discharge of 200-year flood is adopted to desidn épillway
and of PMF to determine freeboard and the crest elevation of a dam.

besign floods fer each dam are shown in Table 7.

The scale of the spillway is determined by analyzing the scale-cost
relationship between the width of free overflow portlon and the cost of
spillway. Selected scale of the splllway for each dam is shown in Table

8.



4, DESIGN OF WATER SUPPLY WORKS

4,1  Intake

TWo_sets of intakes of which each dimension is 12 m by 11 m are
planned on the right bank at Kg. Tai Hong 2 km upstréam oflKota Tingqi.
The intake should be so located that intake ports are Submerged'at all
the stdges of the river to a sufficient depth. The intaké structures
consist of a. concrete conduit with coarse steel bar screens at the open
end . to avoid entrance of debrls and floatlng gateo w1th boom, Each
1ntake has four ports whlch are of open end of steel pipes, 1,3 m in
diameter, having abstracting capacity of 107 Mgd (5.63 m3/s) at a flow
velocity of 1 m/s. ' '

4.2  Treatment Plant

The water treatment methods.for:domestic and industrial use are
generally: 1) chemical treatment, 2} flocculation, 3) setting, 4) rapid4
_filtration; and 5) chrolination in Malaysia. Some treatment plants adopt
the methods.of aeratibn and pH adjustment. Alum, liﬁe and soda ash are
 u§ed as coagulant for flocculation,. . In Malaysia, Drinking Water
Stnadards by WHO is adopted to check water qdality. The Standards is
shown in ANNEX F “WATER QUALITY",

The plant will have capacity of 107 Hgd to treat rlver water, The
type cf proposed plant will be of a rapid-filter plant which mainly
consists of - settling basin, nixing chamber, flocculatien hasin,
'sediméntation basin, filter, chlorination pond, clear water reservoir and

sludge basin. The layout of the treatment plant is shown in Plate 2,

Foilowing design conditions are considered to make plang for

abovementioned major facilities,



Facilities

Mixing chamber : Processing time 2 min
Flocculation chamber : - do -~ 20~30 min
Settling tank : - do - 3-4  h
Rapid gravity filters : filtration velocity - 115 m/d

4.3 Pipeline

The proposed pipeline will be of steel pipe in double-lane with
diameter of 1.6 m, . The diameter of pipes is determined to have delivery
capacity of 107 Mgd in 2005 on the basis of cost CompériSOn betwean
single—-stage and two-stagé construction. The two-stage construction cost
gives lower present value at 1986 time basis, than the pipeline laygut of
double-lane is adopted. Flow velocity ranging from 1.5 m/s to 2 m/s is
considered to determine the diameter of pipes, The pipeline route 1is

shown in Fig. 2.

4.4 Punmping Station

The construction of a high 1lift: pumping station is necelssary-to
hoost up'treated water to demand areas, Total pipeline length of 28 'km,
total pump head of 50 m and reguired delivery amount of 5,6 in3/s are

considered to determine the type of pump and its capacity.

The type of pump will be of volute pump. Practices on installing

pumps in Malaysia are as follows:

a) Three sets or more numbers of pumps usually ére installed to

minimize risks at a breakdown.,

b) Maximum threat diameter is ranging from 500 mm to 700 mm in

light of procurement.

Considering these conditions, seven sets of volute puﬁps wifh

throat diameter of 600 mm are planned to deliver water of 5.6 m3/s (107
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Mgd). Required space for the pumping station is approximately 25 m by 40

m. It is constructed within the lot of the treatment plant.






5. WORK CONDITIONS FOR.COST ESTIMATE

5.1 General

Through the case study, proposed developed plan is to construct
Sayong'dam with high water level of El. 18.0 m to meet water demand of
178 x 10° m3/y in 2005 congidering given conditions in Case 2, The

results of comparative study in each case are shown in Table 2,

In the proposed development plan, single develapment of Sayong dam
can sustaln water demand in the major urban area in the State such as
-Johor Bahru, Kulai, Sena;_and Kota Tinggi Dby 2005. However beyond the
terget=year of 2005, Linggiu dam scheme will have to be implemented as

the second priofity scheme after Sayong dam scheme.

While Sedili &am scheme is cone of the promising water resources in
the Region even_it will not play a role in watexr resources development
plan by the terget year of 2005, In this light, Sedili dam scheme is
studied from various technical view points es well as other two, Sayong

and Linggiu dams,

5.2 Construction Time Schedule

It is assumed that the constrqcﬁion works of any proposed dams will
he oommenced'efter about 1.5 years of the detailed design and tenderihg
'period. The COneLructlon perlod was estimated to be about 3 years for
earthfiil dams in the Sajonq and Sedili except the Llﬂgq;u dam. The
construction perlod for the Linggiu dam was planned to be about 4 years

due to the works of cast-in-place concrete pile,

_ Basic assumptions on time scheduling for each dam construction are;
Sayong dam will be constructed by 1991 to start commissioning at
earllest; Llngglu dam will be constructed as the second priority scheme

under glven demand condltlon in Case 1; and schedule for Sedili dam is

presented unspecifying the vear.
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The procedure of each dam is summarized as follows:

Sayong dam

1984-1985% Prefeasibility study

1986 Feasibility. study

1987 Detailed design

1988-1989 Tendering and preparatory works
1989—1991 Main construction works

Linggiu dam

1984-1985  Prefeasibility study

1994 " Feasibility study

1995 betailed design _
1995-1996 Tendering and preparatory works
1997-2000 Main construction works

Sedili_dam
| 1984-1985 Prefeasibility study
lst-2nd year Féasibiliﬁy study
2nd43rd'year Detailed design
3rdf4£h Qear Pendering and preparatory works

Sth-7th year Main construction works

Fig, 7 through 9 show the work sequénce of earthfill type dams.

5.3 Basic Conditions for Constructibn Works

The yearly workable déys for each work item in the projéct area are
estimated to be 190 days for earth works, 250 days fbr_rock embankmenf
works and 230 days for concrete works on the basig of meteorbiogical data
and actual work conditions obtainéd from on-going dam projects in

Malaysia.

Working hours are estimated to be 8 hours a day and l-shift system
is assumed for main construction works except for wofks ©cf grouting
deaphragm wall and cast-in-place concrete pile.which require a ZLsﬁift

system,
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6, COST ESTIMATE

6.1 General

The objective of the study is to estimate the cost of construction
works of the propoéed water supply facilities such as dam, treatment
plant and pipeline. The cost for distribution system is. counted only for

the purpose of estiwating unit water value,

The cost estimate is down in  financial costs to prepare the
statement of financial requirement, Economic cost is estimated to make

clear the economic priority among the dam dlternatives.
Following assumptions and conditions are set.

(1) Construction cost is estimated at 1985 constant price level,

{2) The exchange rate-of-currenéy is US$1.0=M$2.41=¥246;

)] All items of construction cost were expressed.in terms of the
Malaysian Ringgit including both foreign and locél éurrency

components,

6.2 Constitution of Construction Cost

The construction cost is composed of the main construction cost,

compensation cost, engineering and administration cost and contingency,

Phe main construction cost consists of costs of preparatory Qorks,
main construction works, miscellaneous works and transportation. The
'compenéation costs: dnclude land acquisition cost of flooded area,
construction yard and land for .access roads, and relécation cost of
houses, public facilities and roads. For further discussiéns on the
compensation cost, refer to Volume 8, Annex M "LAND USE IN THE PROPOSED
RESERVOIR AREAS". The . engineering and admiﬁistration cost covers the
costs for detailed design and supervision works. The contingency
includes the physical contingency. Costs of the main construction works

were estimated on the unit cost basis, while other costs were estimated
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on the Ilump sum basis. Fig. 10 shows the flow chart of construction cost
estimate and constitution of construction cost of a dam project in this

study.

6.3 Unit Construction Cost

The cost of main construction works is estimated on the unit cost
basis, principally. “The unit cost of main gonstruction works is divided
into the direct and the indirect costs. The direct .cost includes labour,
material,_ equipment, miscellaneous and supervision costs while the

indirect cost consists of contractor's profit and overhead costs.
(1} Labour cost

All kinds of labours required for the construction are of dam and
water supply works available in Malaysia. The daily wage rates of major
workers are estimated as shown in Table 9 on the basis of the market

research.
{2) Material cost

It is assumed that all kinds of construction materials are also
available in Malaysia. Table 10 shows unit prices of major construction

materials required for the dam facilities,
{3) Eguipment expenses

The costs of construction eguipment. and spare parts delivered to
the port of Johor Bahru is estimated on the basis of market price in
Japan plus inland transportation charge, ocean freight charge, insurance

and landing cost at the port of Johor Bahru.

The equipment expense per unit an hour comprises of depreciation

cost, repairing cost and management cost of equipment,

Table 11 shows the hourly equipment expenses of major construction

equipment in which the foreign currency  portion includes equipment  and
K-24



spare.parﬁs costs, transportation cost to the port of Johor Babru and the
premivm of insurance and the local currency portion includes labour and

material cost of repairing and landing cost at the port of Johor Bahru.

(4} Miscellaneous cost

The'misQellaneous cost is assumed at 3% of the sum of labour and

material costs.
{5) Contractor's supervision cost

The supervision cost is required for contractor's supervision of
the construction works,: It is assumed at 3% of the sum of Iiabour,
material, equipment and miscellaneous costs,

{G) Profit and overhead

Profit and overhead cost of contractor is assumed to be 15% of the

direct cost referring to the on-going dam projects in Malaysia.

The cost of the main construction works at various different scales
are caleculated for Sayong, Lihggiu and Sedili dams. Estimated costs are
shown in a form of priced BQ in Table 12 through 17.

6.4 Lump Sum Cost

(1) Preparatory works

The_.cést of preparatory works is assumed at 10% of the main

construction works for the dam projects.
(2) Migcellaneous works

- ‘The cost of miscellaneous works covers those for unallocated minor
works and it is assumed at 10% of the sum of costs of preparatory and

main construction works. The cost will, however, not be necessary to he
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counted in the detailed design stage.when the estimated is supported by

detailed survey and investigatioﬁe
(3 Transportation cost

Transportation cost is assumed at 7% of the sum of the costs of
preparatory,_the main cohstruction and miscellanesous w0rks. - It covers
the 1n1and transportation cost of thie construction equlpment and plant

from Johor Bahru to the proPosed damsites.
(4) Engineering and administration

The cost of engineering and administration covers the detailed
design and construction supervision costs, Tts rate to the cost of main
construction works is assumed at 33% in the Sayong and Sedili dam and 27%

in the Linggiu dam.
(5) Contingency

The project contingehcy consists of the physical contingency. - The
physical contingency is assumed at 30% of the sum of the main
construction, compénsation and engineering and administration- costs for

the study of pre—feasibiiity stage.
6.5 Construction Cost of Proposed Dams

The construction costs of the proposed dams were -calculated by
applying the unit costs and the lump sum costs, abovementioned, Table 18
to 35 give the total construction costs by major cost items and the

disbursement schedule for the Séyong, Linggiu and Sedili dams.,

The construction costs for the Benut, Pontian Besar, Upper Pengli,

Telor and Layau Kiri dams are tabulated in Table 36 through 40,
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6.6 Construction Cost of Water Supply Works

_ The constchtioh costs of proposed water supply works were
calcﬁlated'by“the'similar way as in the case of dam cost estimate. The
costs for the proposed treatment plant, pumping station and pipeline are
estimated in 2 cases; they ~are single stage development énd 2-stage

development, The estimited costs are shown in Table 41 through 43.

‘As shown in the above Tables, the construction cost of single stage
devélppment is lower than that of two stage development for a dam and
pumping statién_ works., While the cost of 2-stage development for a
_treatment_plant énd pipeline works is lower than the cost of single stage
development:, Lower cost 1is applied for the cost estimate of proposed

plan,

6.7 Unit Water Cost

Unit water cost is estimated in financial cost at 1986 time basis,
' . i - 3 o
Unit water cost of the proposed plan is estimated at M#84/m™ as shown in

Table 44,









Table 1

SITE CONDITIONS

‘BENUT

PONTIAL BESAR . LINGGIU

e

- CONDITION OF ALTERNATIVE paMsiTEg

. UPPER PENGLI  sayoyg TELOR SEDILI LAYAU KIRL
River System Benut River ‘ontian BeSAr 1 hor fiver Jonor Ri 13 tain Se2
- . : 1052-!_53"1\] Rlzfﬁélggnt\;: .10-4' ) _ffor River Johor River Johor River iieggil Besar Johor River Johor River
Location of Damsite 103019!4'4“}2 .103025‘49"‘13 103‘_;,:1[?;"}[; 101251:3l::N 1°481'59"y 1°43'00"N 2902'21"N 1°35'64"N 1°35'30™"N
catohment. Br . 5 . 5 5 3°35'34"g .lMJOI%“A?'OB“E 103°50'42"E  104°04'24"E 104°06712"E
- nrea 37 K 40 Km® 206 xm 127 K £62 Kn® 38 xm 224 ¥m? 31 K
: Flat and Flat -and Stee
e Toposrigty  wite vaitey e ebler Docient | DLk ey TGP VRS I
e
valley valley on both
Llev B Width abutment
Valley Bottom Widt 1.1 Km 1.7 Em 0.4 Km 1.3 ¥m i .
Geology & 1) Geology  Shale and Shale and  Mainly sand- Semi-con- .Flegl.lqtght Weagl.i:r:ln ph (l)iitgmof \;Neatheredl‘o =
Constx;uction sandstone of sandstone of stone of solidated granite ranit; Pa{eozoic ranite
Materials Mesozoic Mesozoic Paleoczoic, clayey silt  partly weatheEed moderarel;f :
fractured by of Pleistocene 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) Gross Storage : : :
at H.W.L. (m3) 20 x 10° 51 x 10° 123 x 10° 130 x 10° 179 x 10° 49 x 10° 85 x 10° a1 x 10°
2} Effective Stm;agﬁ 6 6 L 6 ' = 6
at H.W.L. (m”) 18 x 10 48 x 10 107 x 100 120 x 10 128 'x 10° 46 x 10° 61 x'los 38 x 10
3) High water Level (m) 29.0 "25.5 34.0 4190 18.0 28.0 20.0 22.0
4) Flood Water Level {m) 31.1 27.3 35,2 43.1 20.1 29.6 21.1 23.8
5) Dam Height (m) 30 29 37 33 31 29 32 29 27
6) Crest Length (m). 2,000 2,400 560 2,200 1,140 2,200 - 490 1,600 1,100
- _7) Dam Volume (m3) 1.9 x 1o 3.1 x 10° 0.9 x 10 2.8 x 20° 0.8 x 10 0.9 x 10 0.7 x 10 1.3 x 10 0.6 x 10
Land Use in- ’ . )
Reservoir Area EL. (m) 31.1 27.3 35.2 43.1 20.1 29.5 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 . tha) - 38 - - 502 - - -
4. Residential Land (ha) - - - - - - - 48
5. Factory Area (ha) - . 64 - - - - - -
6. Forest ‘(ha) - 254 2,027 1,850 1,747 1,087 2,140 4
7. Mine _ (ha) - - 73 N 4.30% 1,140 2,140 710
Total Area (ha). 701 1,347 2,100 2,910 r 4 4
8. Houses {nos) - 89 - 13 33 . - 66
9. Road {(main) {km) - 8.2 - 3.6 5.0 - - 7.6
10. Transmission : _
Line (¥m) - -~ - - 2.7 - -
11. pPumping _ _ _
Station (nos) - -~ - 1 - =
Investment Cost of Dam (M$ 106) _
' ' ; 117
Total Cost 9¢ 163 132 - o o (63 ) cel) (19 )
{Compensation) {13) { 35 ) {-) (351 (5s) : : _
: ) . - Lebam dam 1is
Spacial Problems Submerge Permeable Land. tion enougi
highway" foundation acquls
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Table 2 LIST OF ALTERNATIVE DEVELOPMENT PLANS

lue/l . First Dam

t in

Case 1986 (M$106)  pam

o R b i A o LSt cnn sy e et ey e e S ot AR LA ek -t Bl T ek b ook okt S S A1 S b oy TR e R Lk ok e o et Sy rm S Tt ——— ot ke ot o T o i e

Note:-

132.6
113.9
122.7
158.3
136.6
118.5
122,6

85,2

75.6°

96.6
85.0

(82}

B6,

82.3
96.0

86,3

99.6
69.3
95.4
82,3
83.5

Sayong
Sayong
Sayong
Linggiu
Linggiu
Linggiu
Linggiu

Sayong
Sayong
Linqgiu
Linggiu

Sayong
Sayong
‘Linggiu

Linggiu

Sayong
Sayong
Linggiu
Linggiu

Linggiu

L2 /3 /4
HWL -8 Year
17 98 1991
18 128 "
21 247 "
33 89 n
34 107 "
35 126 "
a0 253 "
16 73 "
17 98 u
33 89 u
34 107 ¢
17 98 "
18 128 ¢
34 107 "
35 126 ¢
15 25 u
16 73 "
31 58 "
32 73 “
33 89 "

Second Dam

Linggiu
Linggiu
Sayong
Sayong

Sayong

Telof

Telor

Telor

Telor

Linggiu
Telor

HWL S
33 89
31 58

18
17
1¢

24

. 24

© 22

22

24

128
98
73

18

18

10

10

- 58

i3

2000

2002

2003

2003

2000 .

2001

Time basis; 1986, the commencement of service; 1992

and discount rate;

High water level

Active storage

10%

Completion of dam construction

¥K-31
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Table 3 . COST OF ADDITIONAL CONSTRUCTION
WORKS FOR DAM ENLARGEMENT

Executed in 2006

S
[y

K~32

Unit: M$108
1. Additional Cost (Cl)
(1) (2) (3) = (1) -(2)
Case _ .sayong (HWL 18) Sayong (HWL'l?)-+-; Difference
Compensation (HWL 18]

. /1 : .
Economic—— . _ :
Cost 82.3 81.4 0.9 (cl)

"y . . /2
‘9.  Construction Cost in Second Stage— (C2) Cost
'i) Spillway crest 0. 34
2) Concrete pitching 0.02
3} Extra treatment of dam crest 0.11
'4) Engineering service fee 0.16
5) Contingency 0.19
Total 0.84
Construction cost 1986:time basis = 0.84 x 0.148 = 0.12 ... (C2)
3. Dam Ehlargement Cost
Cost in lst stage {€3) = C1 x 90% = 0.81
Cost in 2Znd stage c2 = 0.12
Remarks; /1: Economic cost 1986 time basis



Table 4 PRINCIPAL FEATURES OF PROPOSED
DEVELOPMENT PLAN

1. Dam |
Location ~ Sayong Pinang
High water level 1 . Ei. 18.0 m
Effective storage : 128 x 109 m3
Crest elevation ' El. 25.5 m
‘Dam height 31 m
Embankment volume 808,000 w3

2, Treatment Plant

‘Location Kg. Tai Hong

- Type . . Rapid-filter type
Preatment capacity ~ 107 Mad

Area 50 ha

3. - Pumping Station

Location Kg. Tai Hong
Type of pump Volute pump
Total pump head _ 50 w

Throat diameter 600 mm
Numbér of pump 7 sets

-4, Pipeline

Location Kg. Tai Hong - Johor Bahrﬁ
Nﬁmber of lane 2 lanes

Diameter 1.6 m

Capacity . 5.63 m3/s
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Paple 5

Case 2

PRIORITY DAM SCHEMES SELECTED IN CASE STUDY

case 2R

Case 1 Case lA.
Name of Dams Sayong } Linggiu Sayong Sayong Sayong
Reservoir
High water level El. 18 m El. 31 m El.-l? m £1. 18 m El. l6 m -
Flood water level El. 20.1m El. 32.6m El. 19.3m EL. 20.1m EL l2&.5m
Surface area {(HWL} 31 kmd 13,3 km2 27 Kkm? 31 km2 23.5 km2
Effective storage 128 x106m3 58 x 105m3 98 x106m3 © 128 x106m3 72 x 106m3
Dead storage 51x106m3 . 16.5 x106m3 51 x106m3 51 x106m3 = 51 x 106m3
Dam
Type of dam Earthfill  Earthfill  Earthfill  Earthfill  Barthfill
Crest elevation El. 25.5m EL. 37.0m EL. 25.0m El. 25.5m BlL. 24.0m
Crest length 1,140 m 530 m 1,100 m 1,140 w 1,000 m
pam height 3 m 29 m 30.5 m A1m 29.5 m
Embankment volume 808,000 m3 714,000 m3 774,000 m3 808,000 m3 714,000 m3
Spillway & River Cutlet
Crest length 50 m 30 m 50 m 50 m 50 m
Discharge capacity 300 m3/sec 130 m3/sec 340 m3/fsec 300 m3/sec 390 .m3/s
.Type of river outlet 2 sets of 2 sets of 2 sets of 2 sets of 2 sets of
steel pipe . steel pipe steel pipe  steel pipe

X-34
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Table 6  TENTATIVE DESIGN VALUES OF CONSTRUCIION MATERIALS

Earthfill Material

. Sayong Upper Rock

{A) (8B) Sadili Linggiu Pengli Filter Drain rip-rap

S[.::':eci_fic Gravity Gs 2.67  '2.66  2.75  2.66  2.59  2.64  2.60  2.60.
et nenéit_y & (e/m3) 1.94  1.80 1.74 1.72 1.73 2,00 2.07  1.98
Saturated Density sat (t/m3)  2.04  1.84  1.92  2.07  2.06 . 2.24 2.8  2.17

Shear Stfenqth* .

ot (t/m2) ' 2 3 4 5 2 0 0 0
B o) | 30 28 25 20 30 33 35 40
Guu (t/m2) ' 5 s s 8 5 - - -

gun () 25 25 20 15 25 - - -
Pexmeability x (cm/sec) 1x1075  1x107% 1x1076 1x10"6 1x1076 1xl0-3 1x10~2 1xlo-L

. % ALl the values of shear strength are assumed for preliminary design purposes,
not based on the laboratory tests. ’
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Table 7 PROBABLE FIOOD PEAK DISCHARGE OF PROPOSED DAM

Unit: m3/s

Peak Dlscharae at Dam51te

Return . rontian Upper - : Layau

reriod Benut Besar Pengli Sayong Llngglu ' Telor . Kiri Sedili
2 21 27 67 3sjo 98 20 24 180

5 3 45 109 530 150 49 ' 48 360

10 72 80 159 - 640 240 67 66 510

20 89 96 221 860 340 88 :902 680

50 130 130 360 1,260 500 120 110 930

100 150 150 430 1,450 680 140 130 1,080

20022 190 190 510 1,840 810 170 160 1,220

500 220 230 690 2,210 1,100 200 . 180 1,440

1,000 250 250 800 2,720 1,270 230 200 1,600

10,000 380 380 1,320 4,400 2,110 350 290 2,360

PMF/2 420 420 1,340 4,630 2,280 350 360 2,470

Remarks; /1: Design flood for spillway

/2: Design flood for dam safety
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Table 8 RELATIONSHIP BETWEEN SCALE OF
SPILLWAY AND FIOOD WATER LEVEL

- : an—gated Overflow F.W.L (m) N
Damsite H.W.L (m) - Crest Length (m) 200 Yr Flood PMF
Sayong _ 16.0 T 0¥ 18.5 21.6

75 18.2 21.1

100 18.0 20.7

18.0 5Q* 20.1 22.8

75 19.9 22.5

100 19.8 22.2

19.0 | 50% : 20.9 23.2

' T 20,7 23.0

100 1 20.6 22.8

20.0 50%* 21.7 23,7

75 _ 21.6 23,5

. 100 21.5 23,3

Linggiu - 27.0 30% "29.1 32.5
: ' 40 _ 28.9 32.1
50 28.8 31.8

29.5 30# 31.3 34.2

40 31.1 34.0

50 31.0 33.7

32.0 30%* ' 33,5 36.0

40 33.4 35.8

50 33.3 35.6

Sedili 16.0 50% 18,4 20.5
: 75 18.2 20.1

100 17.9 19.8

 18.0 5Q% 20.0 21.5

75 : 19.8 21.2

100 19.6 20.9

20.0 BO* 21.1 22.9

' 75 21.0 22.6

100 - 21.0 22.5

Remarks; Asterisk {*) shows selected scale of
spillway at each reservoir level.
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Table 9 LABOUR WAGE
| Unit: M$/d

o . Category Wage

i. Foreman 55

2. Operator' 45

3. Assistant Operator 30

4. briver 35

s, Mechanic 45
6. Electrician 45

7.. Concrete Worker . 35

8. Reinforcement Worker 40

9. Carpehter 45
10. Powder Operator 45
11. Driller “35
12. Boring Worker 35
13. Grout Worker 35
14. Common Labour 25

Table_ 10 UNIT PRICE OF CONSTRUCTION MATERIALS

No © Material Unit Price (M$)
1. biesel 0il “1lit 0.49
2. Lubricant lit 2.49
3. Gasoline 1lit - 1.08
4, Grease kg ' 3.95
5. Dynamite kg ' 9.68
6. Reterder kg~ 3.50
7. Reinforcement Bar ton 1,070.00
8. Fine Aggregate m3 ' S 11.14
9. Coarse Aggregate m3 - 31.13
10. Timber m3 420.00
11. Plywood sheet 38.70
12 Boring Rod Nos 110.25



Table 11 HOURLY EXPENSES OF MAJOR EQUIPMENT

g

Equipment __ Capacity F/C(M$) L/C(M$) Total (MS)
1. Bullddzer w/Ripper 21t | 56.26 ° 31.14 87.40
2. Bulldozer - 15t 36.89  20.38 57.27
3.  Back Hoe : -1.2m3 82.95  39%.48  122.43
4. Back Hoe - 0.7m3 43.94 21.45 - 65.39
5. Tractor Shovel 1.4m3 28.43 15.77 44.20
6. Wheel Loader 3.5m3 58.78  32.58  91.36
7. Wheel Loader 2. 1m3 37.92  20.85  58.77
‘8.  pump Truck 15t 31.31  15.60  46.91
9. _Dﬁmp Truck 1it 21.12 11.12 32.24
10.  Dbump Truck : 8t 16.33 8.59 24.92
11. Hydraulic Crane 10t 32.78  17.04  49.82
12.  Tamping Roller 13.5t '24.61 11.99 36.60
13.. vibratory Roller 3t 12.20 6.55 18.75
14. cCrawler Drill - 10m3/min  24.08  10.23  34.31
15.  Boring Machine 5. Skw 32.06  17.51  49.57%
16.. Grout Pump 7.5kw 26.65 14.39 41.04*
17 Grout Mixer 5004 44.52 24,05 GB.57*
18.  Truck Mixer 3.2m3 21.59 10.08 31.67
19, Concrete Pump 85m3/h 74.80  34.05  108.85

w/chassis

20.  Air Compressor l4m3/min  126.30  57.93  184.23*

21. Concrete plant Im¥x1 ©  109.13 58.15  167.28

Remarks; *} Equipment expense per day

K-39



fahle 12  PRICED B.Q. OF MAIN CONSTRUCTION WORKS OF SAYONG DAM (1/6)

pescription

1. Access Road
kolling

sub Totai

2. Diversion & River Outlet
Excavation Comnon
W, Rack
Rock
Embankment
Mass Coucrete
Reinforced Concrete
Plug Concrete
Diversion Gate

Bulk Head Gate,
Hoist & Hoist Tower

rashrack
steel 2ipe
Release Valve

Sub Total

3. Spillway
Excavation Common
%. Rock
Rock
Mass Concrete .
Reinforced Concrete
Gabion Mattress

Sub Total

4, Main Dam & Cofferdam
Excavation Comhon
W@. Rock

Curtain Grout
Blanket Grout
Embankment.

/8 Caffer

/5 Coffar

Earth

Prain

Riprap
Scd Facing

Sub Total
Total 1-4
Hiscellaneous

“Zransportation

Grand Totai

cu.M
cu.i
CU.i
cu.M
Ch.H
Cu.M
CU,M

L.S

L.S
L.5
L.3
L.5

CU.M
Ci.M
co.M
Cu.M
cu.H
Cu.H

Cu.i

Cliud

cli,M
Cl.i

Cy.Hu
CiI.
CU.H
50,4

Unit Price N.H.W.L, 16 m
(M3} Quantity  Amount
219.25 7,000 1,535
' 1,535
4,19 225,000 943
'10.3% 54,000 559
24,71 40,000 988
5.85 15,000 83
161,29 10,500 1,701
275,12 560 154
183.46 810 149
1,100
557
22
288
1,980
8,529
4.19 132,000 553
10,36’ 22,800 236
24,71 7,800 ' 193
161.99 15,760 ° 2,543
275.12 2,100 578
97.08 2,800 272
4,375
4,19 568,000 2,380
10.36 12,500 130
249.53 7,200 1,797
184.63 13,100 2,419
5,85 104,000 608
5.85 25,000 146
5.85 545,000 3,188
25,01 19,000 475
‘46,06 - 21,000 967
3.14 17,000 53
12,163
26,602
2,926
644
30,172

N . W.L, 17 m

Unit: Mg 103

CMLJHLWWLL, 18 m

Amount

mantity  hmount Qdantity

7,000 1,535 - 7,000, 1,535
1,535 1,535

225,000 943 225,000 943
54,000 559 54,000 559
40,000 . 983 40,000 - 988
15,000 88 15,000 88
10,700 1,733 11,000 1,782
570 157 590 162
a80 161 950 174
1,130 1,170

578 599

22 22

288 288

1,980 1,980

8,627 8,755

121,600 . 510 111,000 465
16,600 - 172 14,500 150
7,800 © 193 - 7,800 193
16,800 2,721 . 17,800 2,883
2,150 592 2,200 605
2,800 272 2,800 .. 272
4,460 4,568

583,000 2,464 . 597,000 . 2,501
14,000 145 15,000 155
7,700 1,922 8,000 1,997
13,800 2,548 14,400 2,659
107,000 626 109,000 638 -
25,000 146 25,000 . 146
595,000 3,481 625,000 . 3,656
23,600 575 24,000 600
24,000 3,105 25,000 1,152
19,000 60 20,000 - 83
13,072 28,425

27,694 28,425

3,046 3,127

670 688

31,410 32,240



Pable 13  PRICED B.Q. OF MAIN CONSTRUCTION

Sayong {2}

WORKS OF SAYONG DAM {2/6)

Unit: M§ 103

Unit Erice N.H M. L. 19 m H.B.H.L. 20 m HaH. WL, 22 m
Dancription Unit  {M$) Quantity Amount Quantity  Amount . Quantity  Amount
1. Access _Rc;ad
Rolling M 219,25 7,000 1,535 7,000 1,535 7,000 1,833
Sub Total 1,535 1,535 1,535
2. Diversion & wiver Outlat _
'Excavation Common cu. 4,19 225,000 943 225,000 943 225,000 943
W. Rock CU.H 10.36 54,000 559 54,000 559 54,000 559
Rock cu.M 24,71 40,000 asg 40,000 988 40,000 988"
Embankment cU.N 5.85 15,000 88 15,000 ‘ag 15,000 8a
Hags Concrote CU.M 161,99 11,500 1,863 12,000 1,944 13,200 2,138
Reinforced Conérete _Cl!.l-l 275,12 820 17y 640 176 720 . 198
Plug Co_nc:ete CU.1 183,46 3,000 189 1,100 202 1,250 229
Diversion Gate L.5 1,210 1.240 ' 1,230
.Bulk Head Gate, .
Heisg & Heist Towar L.S 520 641 583
Trashrack L.5 22 22 22
Steel Pipe L.5 288 288 288
Release Valve 1.8 1,980 1,980 1,980
Sub Total 8,921 9,071 9,427
3. Spilluay
Excavation Common CU.4 1.19 106, 000 444 101,000 423 97,000 406
W. Rock cu,H 10.35 14,400 149 14,300 148 14,200 147
Rack cu.y 24.71 7,800 . 193 7,800 193 7,300 193
Mass Concrete _ CU.M 161.99 19,500 3,159 20,600 3,337 24,200 3,920
Reinforcgd Concrete cu.M 275,12 2,400 860 2,500 688 2,800 176
Gabion Mattress cu.n 97,08 2,800 272 2,800 272 2,800 272
Sub Total 4,877 5,061 5,709
4, Hain pom & Cofferdam :
Excavation Common UL 4,19 609,000 2,352 614,000 2,573 632,000 2,648
' W.' Rock Y 10.36 21,000 218 22,000 228 28,500 290
Curtain Grout H 249,63 8, 400 2,097 g,800 2,197 9,200 2,297
" Blanket Grout u 184.63 15,000 2,769 15,600 2,880 16,200 2,991
Embankment
/s Coffer ciLM 5.85 116,000 644 111,000 649 112,000 655
D/S Coffer cuL i 5.85 25,000 146 25,000 146 25,000 146
Earth cu.H 5.85 690,000 4,037 745,000 4,358 820,000 4,797
Drain cu.M 25,0t 26,000 650 28,000 700 30,000 750
Riprap cu.M 46.06 27,000 1,244 29,000 1,336 32,000 1,474
Sod Fa&ing S0.H 3.14 21,500 68 23,000 72 25,000 79
Sub Total 14,423 15,140 : 16,127
Total 1-4 29,756 30,806 32,797
His.cellanet':us 3,273 3,389 3,608
Transport.:ation 720 746 o4
33,742 34,940 37,199

Grand Total
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Table 14 PRICED B.Q. OF MAIN CONSTRUCTION WORKS OF LINGGIU DAM (3/6)

pescription

1. Access Road
Rolling
Sub Total

2, Dlversion & River Qutlet
. Excavation Comnon
. W. Rock
Rock
Enbankment
Maas Concrete
Reinforced Concrete
Plug Concrete
Diversion Gaté

Bulk Head Gate,
Hoisk & Holat Tower

Trashrack
Steel Pipe
Release Valve

Suk Total

3. Spiliway
acavatioﬁ Common
W. Rock
Rock

Gﬂst-]n—Pla.ce
Concrete Pile

Hags Concx."et.'e

fieinforced Concrete

Gabion Maktress
Sub Total

4, Main Dam & Cofferdan
Excavation Comron
W, Rock
Dental Work
Diaphragm Wall
Blanket Gro;.u:
E‘»\bankmént
U/8 coffer
o/s Coffer
Earth
Draln
Riprap
Sod Facing
Sub Total

Total 1-4
Miscellanecus

Tranaportation

Grand Total

ynlt Price
Unit (M)
M 219,25
Co,.M 4,19
Cu.M 10,36
CU.H4 24,71
Cu.M 5.85
Cu.M 161,99
Cu.M 275,12
CUH 183.46
L.S
L.8
L.S
.8
.5
cu.M 4.19
UM 10,36
cu.M 24,71
8Os, 12,049,88
CULH 161,99
Cu.M 275,12
[ b ) 47.08
CiJ ¥ 4.19
CU. M 10.36
L.5
5Q.M 2,190.22
M 184,63
Cu.M 5.85
CU.M 5,85
Cu.M 5.85
CU.H 25,01
CU.M 46,06
SQ.M 3.14
L8

NoH.WoLe 27

NaH,Waly 29.5 m

Quantity Amount
12,000 2,631
2,631

146,000 612
10,000 104
0 0

o o
10,700 1,733
560 154
a10 143
1,070

515

22.

264

1,890

6,513

250,000 1,048
216,000 2,238
0 o

400 4,820
10,900 1,766
1,600 440
1,600 155
10,467

469, 500 1,967
24,500 295
‘ 600
14,600 31,977
2,200 406
109, 00D 638
20,000 117
475,000 2,179
13,000 ‘325
13,000 539
11,000 15
39,738

59,349

6,528

1,436

67,313
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guantity Amount

12,000 2,631
2,631

146,000 612
10,000 104
' 0 0
0 [
11,400 1,847
§00 165

200 165
1,120

557

22

264

1,890

6,746

225,000 943
163,000 1,609
o 0

£00 4,820
13,100 2,122
1,700 468 .
1,600 158
10,197

472,000 1,978
28,000 290
600

15,000 32,853
2,800 462
109,000 638
20,000 117
520,000 3,042
14,500 363
14,500 658
12,500 19
41,050

60,624

6,669

1,467

68,760

units s 10?

Noll,Wal, 32 m
Quantity Amount

2,631

12,000
2,831

146,000 612
16,000 104
o 0

o o
12,600 2,041
670 184
1,000 183
1,170

613

22

264

1,890

7,083

204,000 855
145,000 1,502
o - .0

400 4,820
16,100 2,608
1,900 523
1,600 155

" 10,463
483,000 2,032
30,000 1
. 600

15,300 33,510
3,000 554
106,000 620
20,000 117
591,000 3,457
17,000 425
17,000 783
14,000 44
42,453

62,630

6,889

1,516

71,035



Table 15 PRICED B.Q. OF MAIN CONSTRUCTION WORKS OF [INGGIY DAM (4/6)

Unik: H§ 103

. unit Price N.H.W.L, 33 n NoHuW.L, 34 m HyH,W.Ey 35 @
Description . Unit (M5 Quantity  Amount  Quantity Amcunt  Quantity  Amount
1. Access Road
Rolling ¥ 219,25 12,000 2,631 12,000 2,631 12,000 2,631
Sub Total 2,631 2,631 2,631
2. Diversion & River Oublel
Fxcavation Common Cu.M 4.19 146,000 6l2 146,000 612 146,000 612
W. Rock CUM 10,36 10,000 104 10,000 104 10',00'0_ 104
Rock Cu.M 24,71 S 0 ] 0 0 0
Embankment TR 5,85 0 ] 0 0 .0 0
Mass Concrete CU.M 161.99 13,400 2,171 14,300 2,316 15,500 2,511
Reinforced gonerete CULH 215,12 680 187 720 198 60 215
Pluy Condrete QUL b 183,46 1,000 183 1,050 193 1,100 202
Diversion Cate L.5 : 1,180 ) 1,190 1,200
Bulk Head Gate, .
Hoist & Holst Tower L,§ 635 658 680 .
" rashrack L,.S . 22 22 ‘22
Steel Pipe’ L.S ) 264 264 264
Releasge Valve L.5 1,890 1,890 1,890
Sub Total - 7,248 - 7,447 7,700
3. spillway
-Excavation Common CUM 4,19 199,000 834 195,000 817 191,000 . 800
W. Rock cu.M 10.36 137,000 1,419 139,000 1,440 142,600 1,471
Rock UM 24,711 0 .6 0 o o 0
Cast-In-Place .
Conciete Pile NOS, 12,049,88 400 4,820 400 4,820 . 400 4,820
Mass Concrete cuLM 161,99 17,300 2,802 18,500 2,997 19,700 3,191
Reinforced Concrete cu.H 275,12 1,960 523 1,950 536 2,000 550
Gabien Maktress CU. M 97.08 1,600 155 1,600 155 1,600 _155
Sub Total ’ 10,553 10,765 10,967
4, Maln bPam &. Cofferdam
Excavation Common CUM 4,19 495,000 . 2,07 507,000 2,124 515,000 2,158
) W. Rock CUM 10.36 30, 700 318 31,300 324 31,600 327
Dental Work LS 600 660 60C
blaphragm Wall SQ.M  2,190,22 15,400 33,729 15,560 33,948 15,600 34,167
Blanket Grout M 184,63 31,300 609 3,600 665 1,700 683
Erbankment:
/s Coffer cuM 5,85 105,000 . 614 104,000 608 103,000 603
B/S Coffer CUH 5,85 20,000 117 20,000 117 26,000 117
farth i CUM 5.85 634,000 3,709 686,000 4,013 715,000 4,183
prain cu,u 25,0t 18,000 450 20,000 500 21,000 525
Riprap CU.M 16.06 19,500 898 21,000 957 22,000 1,013
Sod Paclng ' 50.M 3,14 15,000 41 16,500 52 17,600 53
"Sub Total ) 43,165 43,918 54,429
Total 1-4 63,597 64,761 65,747
* Wlecellaneous 1.8 6,996 7,124 7,232
'i‘ranbp:ort.al".ion : 1,532 1,567 1,391
Gra.nd Totak ' 72,132 73,452 14,570



Table 16 PRICED B.Q. OF MAIN CONSTRUCTION WORKS OF LINGGIU DAM {5/6)

unitr NS 107 .

Unit Price tHH,h e MWL 40 @
baacription Unit {Hs) Quantity  Amount Quancity  Reount
1. Access Road
Rolling " 219.28 12,000 2,601 12,000 2,631
"Mountainaus N 343,97 9,500 3,260 9,500 3,268
Sub Toral 5,899 ’ 5,899
2+ Diversinn & River Oublet
Excavation Coron CU.H 4,19 146,000 - 612 146,000 612
¥, Rock [T 10.36 10,600 104 10,000 104
Rock CU.&“ 24.71 o o o 1]
Enbaniment CuLH 5.95 o ] [} 0
uass Concroze M 161,99 19,500 3,159 23,700 3,839
Reinforced Concrote UM 275.12 1,000 215 1,230 344
Plug Concrete . cuH 183.46 1,200 220 t,350 248
Diversion Gate L.5 1,270 1,339
Bulk Head Gate,

Hoist & Holst Tower E.5 7 83
Trazhrack LeS 22 22
Steel Pips L.5 264 264
Releass Valve L.5 : 1.8%0 . 1.8%0

Sub Total 8,385 9,490
3. spilluay
Excavaripn Coeson cin M £.19 182,000 763 173,000 725
W, Rock CUM 10,36 135,000 1,399 130,000 1,347
ROk oK 24,71 a 0 q 0
Cast-in-Place

Concrece File NOS.,  §2,042.68 400 4,820 4G0 1,820
Rass Coslgrete .M 161,3% 21,500 3,483 23,800 3,855
Reinforced Conecrete LUH 275,12 2,2C0 . 605 2,500 &84
Gabion Mattress CU.M 97,08 1,600 135 1,600 155

Sab Total 11,225 11,590

4, Main Dan & Cofferdam -

Excavation Commton cun .49 575,000 2,409 634,000 2,656

H, Rogk =T 10.36 32,400 336 33,000 342

Bantal Work L.8 - &0 " soo

Diaphrags all 8Q.M  2,190.22 15,700 34.326 15,900 4,824

Blanket Grout H 182.63 31,900 720 4,000 739
Exbankment .

/S Coffer aLu 5.85 103,000 603 105,000 614

b/3 Coffer CUH 5.95 20,000 117 20,000 117

Earth Cu.H 5.85 292,000 5,218 1,066,000 - 6,249

crabn - ctn 25,01 23300 5648 26,300 663

Riprag UM 46.86 25,000 1,152 26,000 1,290
Sod Facing 50K 314 20,000 63 24,000 s

§ub Total : 46,191 48,188
4, saddle Dam
Excavation Comman CUH 4.19 207,000 - 1,203 383,000 © 1,605
#. Rock =i K] 19.36 78,000 808 80,000 - 829
Curtsin Grout .o 249,63 10,000 7,489 35,000 B, 737
Blanket Grout . 184.63 6,000 - 1,108 8,000 1,477
Erbsniment S e

farth oK 5.85 475,000 2,779 560,600 3,393
Drain : .y 250 13,560 338 2,000 528
Riprap any " 46.06 14,600 ‘872 22,000 1,013
Scd Facing 5. 314 12,500 1 17,000 53

Sub Total : 14,435 17,5633
Totak 1-5 ) 86,335 92,778
Hiscellaneous L8 9,497 16,206
Teansportaktion 2,089 2,245
Grand Toral . 97,921 105,230
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Table 17

Description

1. Acceus Road
Rolling ) -
Sub Total

2. Diversion & River Qutiet

Excavation Common
W. Rock
Roclk

Embankment

Hass Concrete

.Reinfoccedlcdncrete

Plug Concrekte

Diversidn_@ata

Bulk Head Gate,

Hoist & Hoist Tower

Prasnrack
Steal Pipe
Release Yalve

Sub Total

3. Spillway
Excavation Common
W. Rock
Rock
Mass Concrete
Beinforced Concrete
Gahion Mattress

Sub Tetal

4. Hain Dam & CotEerdam
Excavation Common
#. Rock
Curtain Groat
Blankét Grout
Embankment
U/5 Coffer
b/5 Coffer
Eérth
Drain
Riprap
Sod Facing:
Sub Totai
Total 1-4

Misqelléneons

Transportation

Grand Total

Unit Price

Unit

]

[

L CULM

CuU.M

CuU.M

CUL

CU. M
cu.M

L.S

L.S
6.8
L.S

L.S

CU.M
.M
Cu,
Cli. o
50.M

N MWL, 18 m

(M$) Quantity Amount
219,25 9,000 1,973
1,273

4,19 133,000 557
10.36 131,000 1,357
24.71 16,000 395
5.85 13,000 752
161,52 12,200 1,978
275.12 850 179
183,46 1,200 220
1,380

463

72

120

700

7,621

4.19 186,000 188
10.36 327,000 31,388
24,71 20,000 494
161,99 9;?00 1,571
275,12 1,900 523
97.08 3,000 291
7,055

4.19 453,000 1,598
10.16 36,000 373
749.63 16,400 4,094
184.53 4,200 775
5.85 117,000 &84
5.85 27,000 153
5.85 448,000 2,621
25.01 12,000 100
46.06 12,000 553
3.14 9,500 30
11,486

285,135

3,095

681

31,911

K-45

PRICED BTQ' OF MAIN CONSTRUCTION WORKS OF SEDTLT

N.H.W.L. 20 m

Quaatity Amount
9,000 1,973
1,973

113,000 5357
131,000 1,357
16,000 395
43,000 252
12,300 2,090
630 187
1,200 238
1,430

504

22

120

700

7,853

163,400 691
278,000 2,880
7,000 420
11,800 1,911
2,000 550
3,000 291
6,744

463,500 1,950
36,000 373
ié,900 4,219
4,300 794
117,000 684
27,000 158
495,000 2,396
14,3500 363
14,600 645
11,000 ° 35
12,116

28,657

3,156

594

32,537

DAM {6/6)}

Unit: w3 103

WeHW.L. 22 @

Quantity Amount
9,000 1,973
1,973

133,000 557
131,000 1,357
16,000 395
43,900 252
13,800 2,235
730 201
1,400 257
1,486

546

22

120

700

8,122

119,000 s82
250,000 2,590
14,000 346
14,000 2,268
2,100 578
3,000 291
6,655

495,000 2,074
16, 500 378
17,300 4,319
4,460 812
117,000 634
27,000 158
585,000 3,105
17,500 438
17,500 806
15,000 47
13,022

29,773

3,275

721

33,769



Table 18 ANNUAI. DISBURSEMENT SCHEDULE.(1/18)

Name of Dam: Sayong . Dam Type: Earthfill Scheme: H,W.L, 16 m

Unit: M$ 109

e = o3 ot e o woe i = o e ok R o R S R o T A% = R e o 8

1., Preparatory Works 2,66 2.66
2. Main Construction Works

3. Engineering & Administration 10,84 3.25 2.17

4. Compensation 42,10 16,84 12,63 12.63 .
5. Physical Contingency 25,73 6,03 7.12 6.77 3.68 2,13
Total 111,50 26.12 30.86 29.35 15.96 9,21
Table 19  ANNUAL DISBURSEMENT SCHEDULE (2/18)
Name of Dam: Sayong Dam Type: Earthfill Scheme: H.W.L. 17 m

Unit: M$ 100

Item _ Aﬁount 1987 1988 1989 1990 1991

1. Preparatory Works : 2,17 2.77

2. Main Construction Works 31.41 ¢ 6.54 - 7.89 10,56 6.42

3, Engineering & Administration 11.28 3.38  2.26 2.26 2.26 1.12

4. Compensation ' 48,00 19.20 14.40 14.40

5. Physical Contingency 28,04 6,78 7.79 - 7.36 -3.85 2,206
Total 121,50 29.36 33,76 31.91 16,67 2,80
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' Table 20  ANNUAL DISBURSEMENT SCHEDULE (3/18)
Name of Dam: Sayong Dam Type: Farthfill Scheme: H.W.L. 18 m

Unit: M$ 106

Item Amount 1987 1988 1989 1990 1991
1. Preparatory Works . 2.84 2.84
2. Main Construction Works 32,24 6,72 7;99. 10.90 6.63

3. Engineering & Administration 11.58 3.47 2.32 2.32 2,32 1,15

4, Compensation 54.90 21,96 16.47 16.47
5. Physical Contingency 30.47 7.63 - 8.51 8.03 3.97 2.33
Total 132,03 33.06 36.86 34.81 17.19 10,11

Table 21 ANNUAL DISBURSEMENT SCHEDULE (4/18)
Name of Dam: Sayong Dam Type: Earthfill Scheme: H.W.L. 19 m

Unitﬁ MS 106

Item Amount 1987 1988 1989 1990 1991
1. Preparatory Works 2.98 2.98
2, Main Construction Works 33.75 7,04 8.22 11,51 6.98

3. Engineering & Administration 12,12 3.64  2.42 2.42 2,42 1.22
4. Compensation C 65.20 26.08 19.56 19.56

5. Phyéical Contingency



able 27  ANNUAL DISBURSEMENT SCHEDULE (5/18)

Scheme: H,W.L. 20 m

Unit: M$ 10°

8,39 12.02 7.24
2,51 2.51 1.24

Name of Dam: Sayong Dam Type: Harthfill

ITtem Amount 1987 1988
1. Preparatory Works 3,08 3.08
2, Main Construction Works 34.94 7.29
3. Engineering & Administration 12,55 3.78 2.5l

31.20 23.40
10.22 10.84

23.40

4, Compensation 78,00
5. Physical Contingency 38,57
Total 167,14

Table 23  ANNUAL DISBURSEMENT SCHEDULE (6/18)

Name of Damﬁ- Sayong Dam Type: Earthfill

Item Amount 1987 1988
1. Preparatory Works 3,28 3.28
2., Main Construction Works 37,20 7.78
3. Engineering & Administration 13.36 4,00  2.67

4, Compensation 104,70
5. Physical Cohtingency 47,56

Scheme; H.,W.L, 22 m

Unit: M$ 10°

1989 1990 1991 -

P e e b el 4t e e ek ek o T =t b ek ok i T Ak b bl LD PR L T e ek M g S A R o MR T PR o et S R e T Ak i L Ry ey R L o o e o e L R et

~ Total 206,10
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Table 24

Name of Dam: Linggiu

Preparatory Works

Main Construction
Works

, Engineering &

Administration

Compensation

Physical Contingency

_ ANNUAL DISBURSEMENT SCHEDULE (7/18)

Dam Type: Earthfill Scheme: H.W.L. 27 m
Unit: M3 106
Amount 1995 1996 1997 1998 1999 2000
5,94 5,94
67.31 14,70 4,75 7.62 22,96 17,28
19,78 5.94 3.96 2.97 2.97 2.97 0.97
27.91 1,78 3.78 2.32 3.18 7,78 5.47
120.94  7.72 31.98 10.04 13.77 33,71 23.72

Name of Dam:

Table 25

Linggiu

ANNUAL DISBURSEMENT SCHEDULE (8/18)

Dam Type: Eafthfill Scheme: H.W.L.

29.5 m

Preparatory Works

.- Main Construction

Works

Engineering &
administration

Compensation

Physical Contingency

rm et o o i T i o o ek P i ok R T LS L S T

Units M5

Amount 1995 1996 1997 1998 1999
6,06 G.06

68,76 14,99 4.56 7.42 23,70

20,20 6.06 4.04 3,03 3,03 3,03

28.5; 1.82 7,53 2.28 3.13 8,02

123.53 7.88 32,62 9.87 13.58 34.75



Table 26

Name of bDam: Linggiu

ANNUAL DISBURSEMENT SCHEDULE (9/18)

Dam Type:

e e it o et it o o m e it kM o o s s ot R P e e o L8 e o8 T e

Preparatory Works

Main Construction
Works

Engineering &
Bdministration

Compensation

Physical Contingency

Scheme: H.W.L. 32 m
Unit:s M$ 106
1997 1998 1999 2000
A.52 7,52 24,45 19,10
3.13 3,13 3.13 1.05
2.30 3.20 8.28 6,02

Table 27

Name of Dam: Linggiu’

Earthfill
1995 - 1996
6.20

15,45

6.26 4,17
1.88  7.717
8.14 33.65

13.85 35.86

ANNUAL DISBURSEMENT SCHEDULE (10/18)

Dam Type: Earthfill

Amount

H.W.L. 33 m

106

Scheme:
Unit: M$
1997 1998 1999 2000

Preparatory Works

Main Construction
Works

Engineering &
Administration

Compensation

5. Physical Contingency

7.59 24,77 19.57

3,18 3,18 1,05

e ek Ak e e —a L el S bk e e k8 g T R g b T T v s g o S T T SR i e e e RO S A L T e TS R 8 ) R b 8 L £ o

1995 1996
6.36
15,68
6;36 4,24
1.91 7.88
8,27 34,16

K~50
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TFable 28  ANNUAL DISBURSEMENT SCHEDULE (11/18)
Name of Dam: - Linggiu Dam Pype: Earihfill Scheme: H.W.L, 34 m

Unit: M$ 109

Item Amount 1995 1996 1997 1993 1999 2000
1, Preparatory Works 6.48 6.48
2. Main Construction 73.45 15.95 4,55 7,74 25,11 20,10
Works _ :
3. Engineering & 21,58 6.48 4,32 3.24 3.24 3.24 1,06
Administration .

4, Compensation -

5. Physical Contingency  30.45 1.95 8,02 2,34 3.29 8,50 6.35

Total 131,96 '8.43 34,77 10.13 14.27 36.85 27,51

Table 29  ANNUAL DISBURSEMENT SCHEDULE (12718)

Name of Dam: Linggiu ‘ Dam Type: Barthfill Scheme: H.,W.L. 35 m

Unit: M$ 108

Item Amount 1995 1996 1997 1998 1999 2000
1.'Preparatory Works 6.58 6.58
2. Main Construction 74.57 16.18 4.58 7,91 25.42 20.48
Works
3. Engineering & 21.91 6.57 4.38 3.29 3.29 3.29 1.09

hdministration
4, Compensation

5. Physical Contingency  30.92 1.98 8.14 2.36 3. .

ot v e it S o o kT Y T o e e " A e T R L i e
o v e o i R Pt o YR e M L L e T ot T R -

133.98 8.55 35.28 10.23 14,56 37.32 28.04

¥-51



Table 30

ANNUAIL DISBURSEMENT SCHEDULE (13/18)

Scheme: H.,W.L, 38 m
Unit: M$ 109

1997 1998 1999 2000

6.01 10.39 33,38 26,89

4.32 4.32 4,32 1.43

3,10 4.41 11,31 8.49

Name of Dam: Linggiu Dam Type: BEarthfill
ITtem Amount 1995 19%6

1. Preparatory Works 8.63 8.63

2, Main Construction 97.92 21.25
Works

3. Engineering & 28,77 8.63 5.75
Administration

4, Compensation -

5. Physical Contingency  40.60 2.60 10,69

Total 175,92

11.23 46.32

13.43 19,12 49,01 36.81

Table 31 ANNUAL DISBURSEMENT SCHEDULE (14/18)

Scheme: H,W.L. 40 m
Unit: M$ 106

1997 1998 1999 2000

7.54 12,96 34.26 26.26

Name of Dam: Linggiu Dam Type: Earthfill
Item Amount 1995 1996
1. Preparatory Works ' :9.27 9.27
2. Main Construction 105,23 24,21
Works .
3. Engineering & 30.92 9.28. 6.19
Administration

4., Compensation -

5. Phygical Contingency 43,63

2.79 11.91

4.64 4.64 4,64 1,53

3.66 5.28 11.67 8.32

h s o o e o o i ke o i ok ek LR e o8 W kb S A P e kR S W Pk R o A i T} o . e e T A4p v S P 2t o g et e T e o o o S e O Ity s S T

12,07 51.58
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15.84 22.88 50.57 36,11



Name of Dam:

Name of Dams

Table 32

Sedili

Preparatory Works

Main Construction

. Works

Engineexring &
Administration

Compensation

Physical Contingency

Table 33

Sedili

Preparatory Works

Main Construction
Works

Engineering &
Administration

Compensation

Physical Contingency

ANNUAL DISBURSEMENT SCHEDULE (15/18)

Dam Type: Rarthfill Scheme: H.W.L. i6 m
Unit: M$ 109
1st 2nd 3rd 4th 5th
Amount Year Year Year Year Year
2.8 2.81
31,8 7.48 8.74 10,01 5.58
11.42 3.43 2,29 2,29 2,29 1,12
13.81 1.03 3,77 3.31 3,69 2,01
59,85 4,46 16,35 14,34 15.99 8,71
ANNUAL DISBURSEMENT SCHEDULE (16/18)
Dam Type: Earthfill Scheme: H.W.L, 18 m
Unit: M$ 106
1st 2nd 3rd 4th 5th
Amount Year Year Year Year Year
2.81 2,81
31.91 7.50 8.68 9,65 6.08
11.46 3.44 2,29 2.29  2.29 1,15
13.86 1.03 3.78 3,29 3,58  2.18
60,04 4,47 16,38 14.26 15,52 9,41
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Table 34

Name of Dam: Sedili

.Preparatory Works

Main Construction
Works

Engineering &
Administration

Compensation

Phygical Contingency

ANNUAL DISBURSEMENT SCHEDULE (17/18)

'Scheme: HoW,L, 20 m

Dam Types: Earthfill
Units M$ 10°

ist 2nd 3rd- 4th 5th
Amount. Year Year Year Yeax Yearx
e
32.53 7.63 8,72 9f54 6.64
11.68 3.51 2,34 2.34 2,34 1.15
14,1; 1,05  3.85 3.32 3.56  2.35
Tom | aws 166 1638 15.41 10,18

Table 35 ANNUAL DISBURSEMENT SCHEDULE (18/18)

.Name of Dam: :Sedili

Preparatory Works

Main Construction
Works

Engineering &
Administration

Compensation

Physical Contingency

Dam ‘Type: Earthfill Scheme: HoW.l. 22 m
Unit: M3 106

1st 2nd. 3rd 4th 5th

Amount Year Yealr Year Year Year

2.98 2.98

33,77 7.89 8.85 9.64 7.39

12,13 3.64 2.43 2.43 2,43 1.20

14.66 1,09 3.99 3,38 3.62 2.58

4,73 17.29 14.66 15,69 11,17
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Table 36

 Benut

Descri

1. Prepar

2., Main G

2.1 Ac

Su

ption

Unit Price

HaW.Lo 25 m

H.¥.L. 27 m

COST ESTIMATE OF DAM CONSTRUCTION WORKS {BENUT}

Unit: M§ 102

H.W,L. 29 m

atory Works

onstruction Works
cess Road

Rolling
Hountainous

b Total

2.2 Diversion & River Outlet

Excavation
Embankment
Concrete

Metal Works

Sub Total

2.3 Spiliway

Su

2,4 Ma

Su

Total

HWiscel

Trans

Total

Excavakion

Concrete
b Total

in Dam & Cofferdam
Excavation

Curtain Gromt
Blanket Grout

Embankment
Cotfer

EBarth

Drain
Riprap
Sod Facing

b Total

2.1 - 2.4

laneous

portation

of 2

Gnit (M)
" 219,25
343.97
cu,.M §.25
SR 5.85
Cil. ¢ 167.65
L.S
cuLM " 8.68
Cb.H 178.39
R 4.63
ﬂ 249,63
¥ . 184.63
cu.h 5.85
TR 5.85
cu.M 25.01 .
cOM 46.05
S0.M 3.14
L.S

3. Englneering & administration

4. Compensaticn

5. Phijaic

al Continqency'

Grand Total

Quantity Amouani
3,415

4,700 1,030

) 0

1,030

98,000 809
29,000 145
3,100 520
853

2,327

399,000 3,463
11,300 2,016
5,479

620,000 2,871
35,600 8,862
18,500 1,416
325,000 1,301
1,046,00 6,084
37,500 938
25,500 - 1,175
22,0600 69
" 25,315

34,152

3,157

826

38,735

13,468

7,200

18,852

81,690

K-55

Cuantity Amaunt
1,643

4,700 1,030

o 0

1,030

98, 000 809
15,000 146
3,200 5136
942

2,413

154,000 3,073
11,500 2,051
5,124

702,000 3,250
35,400 9,087
18,500  3;600
125,000 1,901
1,252,000 7,324
45,000 1,175
30,000 1,382
26,000 B2
© 27,801
36,429

4,007

852

41,318

14,1388

9,900

20,775

90,024

Quantity Amount
1,869

4,700 1,030

0 )
1,030

94,000 809
25,000 145
3,300 553
1,005

2,603

318,000 2,760
11,700 2,087
4,847

784,000 3,630
37,400 9,336
20,400 3,766
325,000 1,901
1,464,000 8,564
‘54,000 1,351
34,000 1,560
30,500 96
30,211

38,691

4,256

936

43,884

15,281

13,300

22,900

99,234



Table 37
: {PONTIAN BESAR)

Pontian Beaar

Unit Price

H.H,E. 18 m
pascription Ualc {(H3} fraanticy Amount
1, Preparatory Works 4,152
2, Maln Constructlon Worka
2.1 hccess Road
Rolling ] 219.25 3,200 T02
Hountalnous H 343,97 o o
Sub Total : 2
2.2 Diverslon & River Outlet
Excavation CU.H B.25 112,000 924
Empankment CUM 5,85 40,000 234
Concrete CuLM 167,65 3,600 604
¥etal Horks L5 :¥5:]
Sub Total 2,640
2.3 spillway
Excavation CUH 8.68 259,000 2,248
Concrete CUM 178.3%9 8,900 1,568
Sub Total 1,83%
2.4 Hain Pam & Cofferdam
Excavation (=] 4.63 536,000 2,482
Curtain Grout ] 249,63 57,100 14,754
Bianket Grout i84.,63 25,200 4,653
Exbanksent .
Coffer cu.B 5.85 500,000 2,925
EBarth CULH 5.85 1,122,000 6,564
Draln cu.M 25,01 29,000 725
Riprap CU.N 46.06 32,000 1,474
Sod Facing 50.H 3.14 31,000 97
Sub Totak 33,173
2.5 Saddle Dam
Excavation CUH 4.63 24,000 111
Curtain Grout o 249,62 1,200 474
Blanket Groub 184,63 &00 148
Embankmsent
Earth Cu,H 5.85 37,000 216
Drain CU.H 25.01 i,lo0 8
Riprap Cl.H 46,06 3,800 173
" S Facing 5Q.M 2,14 4,300 14
sub Total 1,168
Total 2,1 ~ 2,5 41,516
Hiscellaneoua LS 4,567
Transportation 1,005
Total of 2 47,087
3. Bnglneering & Adminlstrakion 14,347
4, Coupensation 17,400
5. Phyaical Contingency 24,896
Grand Totsl 107,882

K-56

WL, 22 m
Quantity hmount Quantity Amount
4,951 5,718
3,200 702 3,200 102
0 0 0 0
702 702
112,000 924 112,000 924
40,000 234 40,000 234
4,100 [3:¥) 4,400 738
4290 1,600
3,135 3,496
204,000 1,136 165,000 - 1,432
19,400 1,677 9,7¢0 . 1,730
3,413 3,163
757,000 3,505 967,400 45,477
60,900 15,202 64,000 15,976
27,400 5,059 30,000 5,539
500,000 2,925 500,000 2,925
1,744,000 10,202 2,385,000 13,952
45,000 1,175 62,000 1,551
49,000 2,257 60,000 2,764
45,600 141 55,500 174
40,417 47,356
48,000 222 60,000 278
2,400 599 2,800 639
1,100 203 1,400 258
70,000 410 92,000 538
3,000 5 5,700 143
6,700 309 9,700 447
7,400 23 10, 500 33
1,841 2,396
49,508 57,114
5,446 %,283
1,193 1,382
56,152 64,778
17,109 - 19,737
25,560 35,000
31,113 37,568
134,825 162,795

COST ESTIMATE OF DAM CONSTRUCTION WORKS

Unit: us 103

H WeLs 25,5 1



Table 38

{(UPPER PENGLI)

Upper Pengli

peecription

1. Preﬁarato;y Worke

2, Maln Construction Worke
© 2.1 Acgesa Road
-Rolling
Mountainous

Sub Total

Unit Prige

Unit

2.2 Diversion & River Qutlet

Excavation
Erbankment
Concrete

Hetal Works
sub Total

2,3 Spillway
Excavation

Concrete
Sub Total

2.4 Main Dam & Cofferdam
Excavation

Curtain Grout

Blanket Grout

Embankment
Coffer
Zarkh
Drain
Riprap

Sod Facing

‘Sub Total

2,5 Saddle Dam
Excavation

Curtain Grout
Blanket Grout

Embanksent
Earth

brain
Riprap )
Sod Faclng
Sub Total

Total 2.1 - 2.5

Hiascellaneous

Tranepartation

Total of 2

CU.H
co,.H
Co,H

L.5

Cu. M

Cir H

cu. i

‘CU.H

Ci.H
CU,H
cuLH
5Q.H

c.H

Cik, H

cu.H
Cu.Y

59,4

L.5

3. Englnéerinq & Administration

4. Compensétion

5, Phyalcal Contiagency

Grand Total

sy

21%,25
EEEN: 4]

8.25
5.85
167,65

8.68
178.39

4.63

249.63
184,63

5.85
53.85
25.01
46.06
3.14

£.63

249,63
184,63

5.85

25.01
46,06

3,14

HW.L, 33 m

Quantity

5,100

223,000
30,000
8,800

169,000
10,160

450,600
36,400
15,700

439,000
726,000
20,000
19,000
17,000

329,000

29,000
12,500

577,000
17,000
21,500
25,000

Amount

1,118

1,118

1,840

176
1,475
1,350
4,841

1,467
1,802
3,269

2,084
9,087
2,893

2,568,

4,247
500
873

53
22,313

1,523
7,239
2,308

1,315
425
990

19
15,940

47,480

5,22}
1,149

53,952
14,650

9,000

COST ESTIMATE OF DAM CONSTRUCT

ION WORKS

H. WL, 37 m

Quantity

5,500

223,060
30,000
¢, 700

136,000
19,600

673,000
42,000
18,000

439,000

1,033,000

29,500
28,500
27,500

650,000
‘34,000
16,000

930,000
20,500
36,000
46,600

24,675

106,925

Amount

i,118

1,518

1,840

Yie
1,826
2.2Mm
5,918

1,180
1,89t
3,07

3116
14,499
3,323

2,568
6,043
728
i3
86
17,672

3,010
3,487
2,954

5,441
513
1,638
126
22,188

53,968

6,596
1,451

168,016

18,501

18,700

33,365

144,561

Uniga

us$ 103

AHal: 41 8

Quanticy

5,100

223,000
30,000
10,300

127,000
11,000

T, 000
45,000
20,300

439,000
1,111,000
36,000
36,600
35,000

710,000
40,000
20,000

1,065,000
22,000
40,000
51,000

Amount

1,118

1,118

1,840

176
1,927
2,829
8,571

1,102
1,962
3,065

1,616
11,483
3,748

2,568
6,499
500
1,659
110
30,583

3,287
9,985
3,693

6,347
550
2,211
160
26,234

67,570

7,433
1,635

76,638
20,849

35,300

181,407



Table. 39

Telor

Description

COST BESTTMATE OF DAM CONSTRUCTION WORKS
{TELOR}

nit

Unit Price

(Hs)

WoW, e 22 M

guantity

Amount

H WiL, 25 o

Quantity

Amount

Unit:

3 103

H,W.L., 28 0

Quantity

Amount

1, Preparatory Works

2. Main Construction Works
2.1 Accessa Road '
Rolling .
Mountainous

Sub Total

2.2 piversion & River Dutlek

Excavation

Fmbankment

Concrote

Meta) Works
Sub Total

2.3 spillway
Excavation
Concrete

Sub Total

2.4 Hain Bam & Cofferdam
Excavation
Curtain Grout
8lanket Grout
Erbankment

Coffer
Earth
Drain
Riprap
Soxd Faciag
Sub Total

Total 2.1 - 2.4

Hiscellaneous

Transportakion

Total of 2

o
cu.M
Co.M
[E%]

cm
LIRY

Cik.H

Cir M
CU.H

Cu.M,

CYLH
504

1,5

1, Engineering & Admlinistration

4, Coupensation

5. Physical Contingency

Grand Total

219.25
343.97

8.25

5.85

167.65

8,68
i78.39

4.63
249.63
184.63

5,85
5,85
25.01
16,06
3,14

1,900
1,300

114,060
55,000
4,500

216,000
49,500

318,000
16,500
20,500

260,000
352,000
10,600
22,500
20,000

K~-58

4317
447
264

941
322
754
963
3,000

1,875
1,695
3,570

1,472
4,119
3,785

1,521
2,059
250
1,036
63
14,306

21,739

2,391
526

1,900
1,300

114,000
55,000
4,700

186,000
2,800

342,000
18,000
22,500

1 260,000

485,000
13,000
27,000
25,500

417
447
864

941
322
788

1,267

3,317

1,614

1,798

3,363

1,583
4,493
4,154

1,521
2,837
325
1,244
0]
16,238

23,782

2,615
576

26,973

10,860

3,900

12,233

1,900
1,300

114,000
55,000
5,000

158,000
10,000

353,000
19,500
23,500

260,000

599,000
18,000
29,500
39,500

417
447
a64 .

941
322
838
1,669
3,170

1,371
1,784
3,155

1,634
4,868
4,339

1,521
3,498
400
1,336
96
17,692

25,481

2,803
617

26,900
11,636

6,760



Tahle 40 COST ESTIMATE OF DAM CONSTRUCTION WORKS
{LAYAU KIRT)

Layau Kixl -
Unit: M3 103
Unit Price H WL, 14 m Hi#, L. 18 m H.W.L, 22 :
Deacciption Unit (M$} Quangity Amount Quantity Amount  Quantity  Amonat

1, Preparatory Works 3,248 3,747 4,326

2. Hain Cnnét:uction Wworky
2,1 Rcceas Road .
Rolling H 219,25 o] o 0 ] 0 0

Mountainous L} 343.97 4,500 1,548 4,500 1,548 4,500 1,548
Sub Total 1,548 1,548 1,548

2.2 Diversicn & River Cutlet

Excavation coM §.25 105,000 B66 105,000 866 105,000 866
Fmbankment CULH 5.85 25,000 146 25,000 146 25,000 146
Concrate Cu.MN 167.65 2,900 486 3,300 553 3,400 587
Metal vWorks - : 2 1,11 1,348
Sub Tatal 2,271 2,571 2,948

2.3 Splillway

Excavation CU.H 8.68 355,000 3,081 258,000 2,239 235,000 2,049
Concrete cu.u 178.39 7,300 1,302 8,000 1,427 8,300 1,481
. Bubk Total : 4,364 3,667 3.520

2.4 Main Dam & Cofferdam

fxcavation - LR 4,83 237,000 1,007 204,000 1,315 306,000 1,817
curtain Grout H 249,63 27,900 6,965 30,200 7,539 33,600 8,238
Blanket Grout L} . 184,63 15,300 2,823 17,500 1,231 19,800 3,658
Embankment
Coffer CU.K 5.85 340,000 1,589 340,00C 1,989 340,000 1,989
Bacth CU.M 5,85 381,000 2,239 675,000 3,949 950,000 5,558
Draln CU.H 25,01 11,000 275 18,800 470 24,600 600
Riprap (w1l ] 46,06 10,000 461 18, 7¢ B61 25,?00 1,152
5¢d Favlng Sp.M 3.14 10,002 3 15,500 49 21,000 €%
Sub Total 15,872 149,403 22,674
2.5 Sub Dam
Excavation CUM - 4,63 186,000 861 . 256, £t 1,185 114,000 1,454
curtain Grout M 239,563 10,300 2,97 . 11,300 1,_321 15,240 3,794
Blanket Grout L3 184,63 9,900 1,820 10,300 1,502 12,400 2,289
Evbankment . .
Coffer - UM 5.95 $2,000 538 92,000 538 92,9000 538
Earth TULK 5.85 295,000 1,726 Glil,ﬂm) 2,539 520,000 3,942
prain CULH 25,01 7,000 175 13,300 333 18,800 470
Riprap . cu 16,06 6,000 276 9,200 424 11,600 534
504 FPacing 50.K 3.14 5,000 16 7,800 24 %,900 31

Connesting Channel

Exgavation [aTR 8,25 50,000 413 50,000 411 50,600 413
Subr Tokal 8,404 14,178 12,5686
Total 2,1 - 2,5 32,478 37,472 43,257
Es
Hiscellaneous L.S 3,573 4,122 4,758
186 907 i,047
Pransportation
Total of 2 36,836 42,501 44,062
17,618
3. Engineering & Adminiatration 13,218 15, 262 R
. ; 15,700 19,800
4, Compenaation | 13,500 N .
. 20,044 23,163 ’ 27,242
5. Physlecal Contingency N .
_______ 6,856 . 104,373 118,047

Grand Total

X-59



Table 41 CONSTRUCTION COST OF TREATMENT PLANT

"Unit: M$106

case B

Case A
Single Stage 2-Stage Developnent
Develcpment lst Stage  2nd Stage’ Total
~ _ Item {107 Mgd) {50 Mgd) {57 Mgd)
1. Preparatory work &
main const. works 113 54 63
Z. . Engineering service
& administration 11.3 5.4 6:3
3. Land acquisition 0.8 0.8 -
4. Contingency 37.5 18.1 20.8
Totallt - 162.6 78.3 90.1
. /2 _ : ' o
Present value™~— 118.6 57.1 33.7 90.8

Notes; /l: Financial cost in 1985 price level

K-60

/2: Present value of financial cost; 1986 time basis



Table 42 . CONSTRUCTION COST OF PUMPING STATION

Unit: M$1o6

Notes;

Case A . Case R
Single Stage 2-Stage Deve lopment
: _ Development 1st Stage 2nd Stage Total
Item (5.6 m3/s) (2.63 m3/s) (3.0 m3/s) -
1.  Preparatory work & .
main const. works 21.5 165 17.5
2. Engineering service
& administration 2.2 1.7 1.8
3. Laﬁd acquisition - ' ~ -
4, Contingency 7.1 5.5 5.8
N .
Totali— 30.8 23.7 25,1
. /2
Present value— 21.% 18.0 9.0 27.0

/1: Financial cost in 1985 price level

/2: Present value of financial cost; 1986 time basis

K-61



Table 43 CONSTRUCTION COST OF PIPELINE

Unit: MS$1G6

Case A : Case B

Single Stage - 2~Stage Development
: Development lst Stage - 2nd Stage . Total
Item S (107 Mgd) (50 Mgd) (57 Mgd)
1.  Preparatory work &
: main const. works 48 28 31.4
2. Engineering service
& administration 4.8 2.8 3.1
3. Land acquisition 0.9 0.9 -
4. Contingency _ 16.1 9.5 10.4
Totaléi o 69.8 41,2 44.9
/2 ' _ ' :
Present value~> 50.8 28.6 o 17.4 46.0

Notes; Financial cost in 1985 price level

/1
/2y Present value of financial cost; 1986 time basis



Table 44 COST OF WATER RESQURCES FACILITIES FOR
: ' PROPOSED DEVELOPMENT PLAN AND
UNIT WATER COST

. Unit: M$L06
1. Total Cost

Itém ‘ Cost. Remarks
1, Dam 107 Sayong: HWL 18'm
Single stage development
2., Treatment'?lant : 91 2-stage devélopmént
=3. Pumping'Statién 22 Single stage development
4. Pipéliné 46 2-stage development
5. .Disﬁribution System 272 - Multi stage development
| Total 538££.

2. Unit Water Cost

(M$538 x 106
638 x 106m3/2

_Uhit'water cost = M¢84 /m3

Note; /1l:- Bresent value of financial cost; 1986 time basis

/2: Total amount of supply water for 50 yearé

X-63












Fig. 1 Location Map of Existing Water
Supply Facilities and Proposed

Damsites

7E e /6_
-~ *,{s,
LEGEND &
_No._ _WMAME Mo NAME
R 24 Simpang Renggam R 40 Sungai L'lnqg_iu
e, Rl S
5 . Pulas
R 29 Kayu Ara Pasong Res9 [ayang Da
R 30 BKT Bats ReSI0 { onam oo
R3| PUB Skudai Proposed ang
pasad and
R 32 PUB Tebrau Potenticl
R® 33 Kong Kong ential Dom
R 34 Kota Tinggi gg:?iLnD%E -
R 35 Kulal Kompleks onflan Dam <o
R 36 Telok Mankoto @ Lingqis Dam 7
R 37 Ayer Tawar g Upper Pengli Dam
R 38 fengereng S(n;yorzg Dam N
R 3% Bonder Tenggarg Te!g{:p%iner: Dami TR
X7 Existing and % Sedil Dam Lo
: under coastriuction Dam' Layau- Kiri Qam ==~:;""
‘\
RO S,
S, AYER HITAM gp==2 =/
‘\-2‘::.:-:_—::: = #* \\\\\ ’
P Macg
3
/x/ >
/+
N ¥
\\\;‘\
\\\\‘\‘}‘ Q,§
\§§“ Q"‘ /,/’,
.\\_?} =
L BENUT
\\‘\
?
W
u
h
N
N
N
Ul
I
M pontia® Kechil ’J\Jj ¢
PONTIAN Py B2y ~0g7 Y, w
KECHIL fT 77 SResg Ny @
,I’ Gunong Puylei’ { R3 <
1 System) W3 z
Kl —
o i
Y d L TS >
» ! < °
v (1 € z
“ 0 i P b
p 4 :
v 5 % N 2
L X B MASA!$R33 =]
C:“ s Tl:}::ﬁ‘“ - ©
‘
< o
v_ﬁ o
x
-
.-.30,

GOVERNMENT GF MALAYSIA

NATIONAL WATER RESQURCES STUDY, MALAYSIA
SQUTH JOHOR
REGIONAL WATER RESOURCES STUDY

JAPAN INTEAMATIONAL COORPERATION AGENC‘\"




LEG E ND
4 4 4t [nternqt:anal Boundory
: Rood
~—=""_ River

SUoiDS o

) | Yown .
77 Dam  (Existing)
w . . { Proposed)

= Pipeling (Ex'isiing )

e {Under Construction)
e “ {Proposed)
O . Inteke ({Existing)

n

.(Proposed)

WKOTA TINGG!

[SENAL \®

" Fig.2  Layout of Pipeline ' 0 1ok

'GOVERNMENT oF MAL AY S8

"JAT!ONAL WATER RESOURCES STUDY, MALAYSIA
SOUTH JOHoR -

REGIONAL . WATER AESOURCES STUDY

JAPAN INTERMATIONAL COOPERATION AGENCY




10 Ty T 0
j Benut
10} q
EL. ! Areg |Storoge
(m} | (km?) J01Q5-m3)
el Ateo-_ 137 0 0
~l 2o 15.2] 001} 0.01
< ‘22‘9 1.2 4.7
P 30.58f 6.2 327
Qo
=10} ]
w
] ] ] H
Y 6 3 50
Storage Volume (10 m)
Area (Km?)
20 i . l? . .. - 0
| Pontian Be_sar
EL. ! Areg [Stoage
(m) ! tkm?) Hi0%-m3)
E [10.7] 0 0
- 15.2] 1.6 | 3.7
S 22.9] 5.2 ! 298
= 051 17.2 [114.9
o . 5
-
2
ul
0 " 50T oo
Storage Volume (10° m¥
Fig. 3 - Area - Storage Curves of

Proposed Dams  (1/3)

GOVERNMENT OF MALAYSIA
NATIONAL WATER RESCURCES STUDY, MALAYSIA
SOUTH JOoHOR .
REGIONAL WATER RESOURCES STUDY

SACAMN INTERMNATIONAL COOPERATION AGENGY




o Areo (Km2)

20 U1 MR &
Upper_Pengli_
40 - EL. | Area |Storage
(m) | (kem?) $0105-m3)
- 25.9 0. o -
£ 305] 24| 55
_g_ 3 Storage _38‘| 15.8 |. 74.8
- 45 7] 35.1 | 268.4
-
w| 2ol ' .
0 — 50 T oo
Storoge Volume (10° m*)
Area (Km?}
o 5 9
Telor
|
EL Area |Storage
{m} | (km?2) WO8-m3)
e 137] 0 0
- : 15.2] 0.8 ] 0.6
o “Storage 22.9] 3.6 |17.5
i ' 305 12.1 | 77.0
o
> 10} M
w
i i 1 I
0 50
Storage Volume(l0® m?)
Area (Km2%)
R G 0
Layau Kiri :
EL | Areg I[Storage
() | tkem?)  HI08-m3)
. 9.1 0 Y
— 152 3.4 10.5
_ 22.9] 6.3 ]| 47.9
e 30.5) 135 1123.0
= Storage
w
0 1 - 3 - 1 50
Storoge Volume (1% m3)
. o ‘ GOVERNMENT OF MALAYSIA :
Fig.4 Areg— Storage Cu_rves Olf MATIONAL wmangesouncas;smov, MALAYSIA
ESOUF
Proposed Dams (2/3) REGIONAL WATEN RESOURCES STUDY
JAPAN INYE_RNATIONAL. COOPERATION AGENCY




30 e . Area (Km?2) o

40

Linggiu

2
i~ Storage
35 - .

€ EL.(M)  Area{Km?} |Staraqen0ind]
-~ 170 | 0 —- ]
6 7.5 * Too || T0003
Z 25t 200_: 08 077 | E
> 225 . . z8_ 5.05
= 250 i "5.5.1 i6.7
27.5 9.0 36.0
200 _ s | ezt |
20 328 ¢ 161 | 970 |
350 207 142.9
‘ 409 299 | 2633 |
riverbed
ELI70 . \ ' | :
O . 100 200 3O

Storgge Volume (10°m3}

_ Area (Km?)

60 a0 20 0
. i ¥ i T T
Sayong
20 —
15 -
- EL. Area Storage
€ {in} iKme) E10° m3)
~= 5.0 o | - |
= 75 - S 5.2 . 6.5
< 1oL | 10.0 10.9 266 ]
2 125 14.5 58.3
I iS50 ;. 205 1020
17.5 289 '16333_-_1
200.__; 414 2517 .
5 riverbed EL.5.0 225 1 576 375.3
. 1 : ! : : :
(8] 100 200 ) 300 400
: _Storage Volume {10%m3)
__Area (Km2)
40 30 20 10 Q
) 25 T ] T T F H i
' ~-Area
Sedili _ - < Storage
20 _
. EL. Areg SioQaqe
— {m) {Knw) {105m3)
E . 5.5 o -
= 15)- 7.5 0.38 0.49 B
G 12.0 2.32 4,44
5 12.5 4,52 130
® 150 7.31 | 278
w _ 175 10.5 501
10k 20.0 17.7 853 -
| 250 359 g2
| riverbed EL.65 1 ; :
e R i 1 i L

o 50 100 150 200
Storage Volume (1085m3)

. . f . GOVERNMENT OF MALAYSIA
iq. - Storage Curves © NATIONAL WATER RESOURCES STUDY, MALAYSIA
Flg'5 Area 9 SOUTH JOHOR
REGIONAL WATER HESOURCES STUDY

‘Proposed Dams {3/3)

JAPAN INTERNATIONAL. COOQPERATION AGENCY




Material
Earthfill material

™~
=)
=
®

Interceptor drain

CEAEE

Riprap
Sod facing : |
Toe drain |/ Axis_of main dam
8,G00
Original
!Sground surface
' 4 0
v 2
Excavation line | ”'[I‘f’p’Bianket grout

Vll;f/\Curfmn grout

TYPICAL SECTION OF MAIN DAM

;Axis of _saddle dam

Originat
"ground surface

E xcavation line

TYPICAL SECTION OF SADDLE DAM

Fig. & Typical Section of Dams

GOVERNMENT OF MALAYSIA

NATIOMAL WATER RESOURCES =.i'l’l.iD‘l’ MALAYS!A
SOUTH JOHOR =
REGIONAL WATER RESOURCES STUDV

JAPAN INTERMATIONAL COOPERATION AGENCY




	ANNEX J REGIONAL WATER DEMAND AND SUPPLY SYSTEM
	FIGURES
	6. Natural Runoff with Demand in 1983 at Simpang Renggam (R24)
	7. Natural Runoff with Demand in 1995 and 2005 at Simpang Renggam (R24)
	8. Natural Runoff with Demand in 1983 at Kota Tinggi (R41 & R42)
	9. Natural Runoff with Demand in 1995 at Kota Tinggi (R41 & R42)
	10. Natural Runoff with Demand in 2005 at Kota Tinggi (R41 & R42)
	11. Water Balance at Kota Tinggi against Water Demand in 2005
	12. Water Demand and Deficit at Target Year
	13. Flow Chart of Reservoir Operation
	14. Schematic Model of Reservoir Operation in Benut River
	15. Schematic Model of Reservoir Operation in Johor River

	PLATE
	1. Water Demand and Supply System


	ANNEX K DESIGN AND COST ESTIMATE OF PROPOSED DEVELOPMENT PLAN
	TABLE OF CONTENTS
	1. INTRODUCTION
	2. PROPOSED DEVELOPMENT PLAN
	2.1 General
	2.2 Proposed Development Plan
	2.2.1 Case study
	2.2.2 Selected case
	2.2.3 Stage development and enlargement of the dam
	2.2.4 Recommended plan

	2.3 Major Facilities to be Developed
	2.3.1 Dam
	2.3.2 Intake and water treatment plant
	2.3.3 Pipeline


	3. DESIGN OF DAM
	3.1 Reservoir and Damsite Characteristics
	3.1.1 Dimension of reservoirs
	3.1.2 Technical and socio-economic problems due to submergence

	3.2 Types of Dam and Auxiliary Structures
	3.2.1 Dam
	3.2.2 Spillway
	3.2.3 River diversion works for dam construction

	3.3 Design Criteria Applied for Dam
	3.3.1 General
	3.3.2 Reservoir water level, freeboard and spillway discharge capacity
	3.3.3 Design flood discharge


	4. DESIGN OF WATER SUPPLY WORKS
	4.1 Intake
	4.2 Treatment Plant
	4.3 Pipeline
	4.4 Pumping Station

	5. WORK CONDITIONS FOR COST ESTIMATE
	5.1 General
	5.2 Construction Time Schedule
	5.3 Basic Conditions for Construction Works

	6. COST ESTIMATE
	6.1 General
	6.2 Constitution of Construction Cost
	6.3 Unit Construction Cost
	6.4 Lump Sum Cost
	6.5 Construction Cost of Proposed Dams
	6.6 Construction Cost of Water Supply Works
	6.7 Unit Water Cost

	TABLES
	1. CONDITION OF ALTERNATIVE DAMSITES
	2. LIST OF ALTERNATIVE DEVELOPMENT PLANS
	3. COST OF ADDITIONAL CONSTRUCTION WORKS FOR DAM ENLARGEMENT
	4. PRINCIPAL FEATURES OF PROPOSED DEVELOPMENT PLAN
	5. PRIORITY DAM SCHEMES SELECTED IN CASE STUDY
	6. TENTATIVE DESIGN VALUES OF CONSTRUCTION MATERIALS
	7. PROBABLE FLOOD PEAK DISCHARGE OF PROPOSED DAM
	8. RELATIONSHIP BETWEEN SCALE OF SPILLWAY AND FLOOD WATER LEVEL
	9. LABOUR WAGE
	10. UNIT PRICE OF CONSTRUCTION MATERIALS
	11. HOURLY EXPENSES OF MAJOR EQUIPMENT
	12. PRICED B.Q. OF MAIN CONSTRUCTION WORKS OF SAYONG DAM (1/6)
	13. PRICED B.Q. OF MAIN CONSTRUCTION WORKS OF SAYONG DAM (2/6)
	14. PRICED B.Q. OF MAIN CONSTRUCTION WORKS OF LINGGIU DAM (3/6)
	15. PRICED B.Q. OF MAIN CONSTRUCTION WORKS OF LINGGIU DAM (4/6)
	16. PRICED B.Q. OF MAIN CONSTRUCTION WORKS OF LINGGIU DAM (5/6)
	17. PRICED B.Q. OF MAIN CONSTRUCTION WORKS OF SEDILI DAM (6/6)
	18. ANNUAL DISBURSEMENT SCHEDULE (1/18)
	19. ANNUAL DISBURSEMENT SCHEDULE (2/18)
	20. ANNUAL DISBURSEMENT SCHEDULE (3/18)
	21. ANNUAL DISBURSEMENT SCHEDULE (4/18)
	22. ANNUAL DISBURSEMENT SCHEDULE (5/18)
	23. ANNUAL DISBURSEMENT SCHEDULE (6/18)
	24. ANNUAL DISBURSEMENT SCHEDULE (7/18)
	25. ANNUAL DISBURSEMENT SCHEDULE (8/18)
	26. ANNUAL DISBURSEMENT SCHEDULE (9/18)
	27. ANNUAL DISBURSEMENT SCHEDULE (10/18)
	28. ANNUAL DISBURSEMENT SCHEDULE (11/18)
	29. ANNUAL DISBURSEMENT SCHEDULE (12/18)
	30. ANNUAL DISBURSEMENT SCHEDULE (13/18)
	31. ANNUAL DISBURSEMENT SCHEDULE (14/18)
	32. ANNUAL DISBURSEMENT SCHEDULE (15/18)
	33. ANNUAL DISBURSEMENT SCHEDULE (16/18)
	34. ANNUAL DISBURSEMENT SCHEDULE (17/18)
	35. ANNUAL DISBURSEMENT SCHEDULE (18/18)
	36. COST ESTIMATE OF DAM CONSTRUCTION WORKS (BENUT)
	37. COST ESTIMATE OF DAM CONSTRUCTION WORKS (PONTIAN BESAR)
	38. COST ESTIMATE OF DAM CONSTRUCTION WORKS (UPPER PENGLI)
	39. COST ESTIMATE OF DAM CONSTRUCTION WORKS (TELOR)
	40. COST ESTIMATE OF DAM CONSTRUCTION WORKS (LAYAU KIRI)
	41. CONSTRUCTION COST OF TREATMENT PLANT
	42. CONSTRUCTION COST OF PUMPING STATION
	43. CONSTRUCTION COST OF PIPELINE
	44. COST OF WATER RESOURCES FACILITIES FOR PROPOSED DEVELOPMENT PLAN AND UNIT WATER COST

	FIGURES
	1. Location Map of Existing Water Supply Facilities and Proposed Damsites
	2. Layout of Pipeline
	3. Area-Storage Curves of Proposed Dams (1/3)
	4. Area-Storage Curves of Proposed Dams (2/3)
	5. Area-Storage Curves of Proposed Dams (3/3)
	6. Typical Section of Dams



