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12, Coustruction Schedule and Project Implementation Programwme

The implementation programme of the Lebir Dam Project is presented

below and shown in bar chart in Fig.12-0-1.

The main activities to be carried out towards the completion of the

Project are listed hereunder.

1991

1894
1995

1996

1997

1998

LActivities to be carried out -

Review of feasibility study report and decision on the
implementation of the Project.

Financial arrangements for the project costs, selection of
the consultant for detailed design and relocation
programme for the upstream farm lands to be submerged.

" Detail design and prepavation of tender documents for the

main works,  design of the preparatory works and
commencement ©f the preparatory arrangement for resettle-
ment of the upstream farm lands to be submevged.

Prequalification of tenderers and calling of tenders for
the main works, and commencement of the preparatorv works,

Evaluation of tenders for the main works and contract

-negotiation, and implementation of the prepavatory works.

Commencement of the main works.

Tmplementation of the main works.

Implementation of the main works and comstruction of the
relocation roads, and implementation of the environmental

measures. :

Commencement of impoundment of the dam.

Commencement of operation of the power plant and environ-

mental moniforing.

12.1. Detail Desipn and Preparation of Tendeyr Documents

Detail design and preparation of tender documents for the main

works are scheduled to commence in January, 1991 and to be

complete within 21 months. The main works include the following:



- Hain dam (including spillway, diversion tunnel and quarry site)
- Saddle dams (Saddle Dam I and Saddle Dam II}

- Waterway, powerhouse and switchyard

- Blectro-mechanical equipment

- Transmission line related works

- Penstock, gates and valves

- Hydrological telemetering and downstream discharge warning

systems

For implementation of ‘the above design works, the Malaysian
authority appointed as implementation agency is recommended to
employ foreign and local ‘consultants having appropriate

experience in these fields of work.

The time schedule for detail deéign and preparétion of tender
documents is shown in Fig.12-1:1. The following are the main

works to be carried out.
- Field Investigation

. Production of aerial survey map'(hlo'kmz).
The existing aerial survey map of 1979 is not sufficiently
up-to-date, since land devalépment after 1979 has been
extensive. A new aerial survey map is requiréd covering the

land development of the submergéd area.

. Production of topographical ﬁap_(l.ﬁ kmz, 7 m)
Tn terms of the main structures, mapping supplemental to that
of the topogréphical map pfoduced in 1987 is required to be
produced. Additional survey works on transmissién-line route

related to the project; shall also be included.

. Drilling investigation (104 holes, 4;300 m) and adit
investigation (7 adits, 360 m) o o S
To be carried out at the main dam, Saddle Dam I, and the

quarry sites
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. Laboratory testing
Various tests on the construction materials {(rock, soil,

cement, concrete, water, ete.)

. Hydraulic model tests
Hydraulic model tests on the water intake and spillway are to

be carvied out.

- Various Analyses
Structural, hydraulic, electrical, etc. analyses required for

detail design are to be carried out.
- Preparation of detail design drawings.

- Preparation of bill of quantities "and breakdown of the

construction cost estimate.
- Implémentation of the prequalification of tenderers.

- Preparation of tender documents
. Instructions to tendérers
. General conditions of contract
. Particular conditions of contract
. Technical specifications
. Bill of quantities

. Data and information or the field investigations

12.2. Preparatory Morks

Preparatory works should be'éompletéd prior to the commencement
of the main works. Design of preparatory works is planned to be
carried out by the local conSuitanF appointed by the
implemeﬁting agency, with assistance from tle foreign consultant

for main works during the course of design.



12.3.

12.4.

The time schedule for preparatory works is shown in Fig.12-1-1

and its work items are as follows;

- Access road (from Tualang to the left bank of dam) 3 km
- Relocation of logging road ' 8 km

- Construction of power transmission line for 60 km
construction use {from Kuala Kerai to the Site)

- Base camp facilities for the owner - 2,500 m2
{(buildings inclusive)

- Communication facilities (infoutside the site) 1 unit

Procurement of Contracts

The wmain works contractors are planned .tol'be selected by

international tender. Thus, tender documents required for

international tender are prepared in accordance with the method
mentioned in Section 12.1. Since such contracts are for major
works to be carried out in a project area which has complex
geclogical and other site conditions, contractors must show that
they have experience of similar work and conditions, :On this

basis, the pregualification will be carried out .

For the preparatory wotrks and the environmental measures, local

contractors are to be employed.

Construction Schedule of Main Works

The construction schedule for the main items of work is given in
Fig.12-4-1. This 1is based on an April 1994 start of
construction, and a period of 50 months from this date up to the

date when the two generation units are brought into operation.

The following shows the main events during censtruction.

- April, 1994 . : Commencement of the main works.

- Saptember, 1995 (18th month) : Start of installation of steel
liner in the waterway tunnel.

- February, 1996 (22nd month) : Start of river diversion.

12 - 4



¥

July, 1996 (27th month) 1 Commencement of the main dam

embankment..

- Detober, 1896 {30th month) : Start of installation of the
overhead travelling crane at the
powerhouse.

November, 1997 (44th mohth) : Start of reservoir impounding.

April, 1998 (49th month) : Start of operation ef Unit No.l.

June, 1998 {50th month) : Start of operation of Unit No.2.
(1) Access road and temporary facility

If the preparatdry works (ref. Section 12.2.) are completed
prior to the commencement of the main works scheduled 1in
April, 1994, there need be no delay te the main contractors
- who can immediétely start their construction of on-site roads
and temporary facilities required for the construction of . the

main works.

The main on-site roads include access roads to, -the intake,
outlet of the diversion tunnel, the quarry site, the intake
from the powerhouse site, and the transportation roads to the

dam from the quarry-site and the borrow area.

Main temporary - facilities include an aggregate plant,
batching - plant and assembling and repair workshop for
machinery. These works are scheduled to be completed before

February, 1995 {10th month).



(2)

(3

Development of guarry site

The proposed quarry site is located on the right bank of the
Lebir Riveyr, and about 1.5 km ncrth—east of the dam site. A
togping road passes near EL.85 m and the highest elevation of
the proposed quarry site is EL.230 m. A yield of 5 x 10%°
of rock is expected to be available by developing about 16 ha

(400 m x 400 m) up to the elevation of EL.115 m.

The bench height would be 15 m and there would be a maximum
of 6 steps. The quarry area at the lowest foundation of

BL.115 m would be 325 m wide and 300 m long.

Construction of the access road and. the stripping and
clearing are carried out within a period of two months. This
work follows a mgbilization period of one month after

contract award.

During the next 5 months common excavation of 1,250,000 m° is

carried out prior to quarrying, which is then. planned to

continue for the next 40_months,

5,000,000 m3/40 months = 125,000 m3/month
At the peak, 250,000 m3/month is quarried.
Thus, an output of 10,000 mEIday is required. |

Diversion tunnels

Two circular diversion tunnels each approx. 580 m long, of 14
m diameter, and 154 m2 cross-section, are consiructed in the
right bank abutment of dam. Tunnels No.l and No.2 are
excavated simultaneously from the both ends (4 cut facez}, to
minimize the construction period for éxcavation. ‘The

excavation method envisaged is by a top heading and bench.

12 - 6



Tumnel excavation is started 5 months after the commencement
of work on-site. The 5 months is made up of 1 month for
mobilization, 1 month for construction of the access road,

and 3 months for open excavation.

Upper-half tunnel excavation

The excavation involves the use of two 5-boom jumbos each
having a capacity per vound = 3.0 m. One is deployed
" upstream and one downstream. The single jumbo at each end
serves both tunnels., Two blastings per day are carried out

by each Jumbo unit.

Menthly progress : 75 m/cut face/month x 4 cul faces
= 300 m/month

‘Daily progress : 3.0 m/cut face/day x 4 cut faces =
12m/day

Excavation period : 4 months

Lower half tunnel exXcavation

The same method as mentioned above is adopted. However, four

blastings per day are carried out by each jumbo unit,.

Monthly output ¢ 150 mfeut face/month x 4 cut faces =
600 m/month '

Daily Qutput : 6 mfcut face/month x 4 cut faces =
24 m/month

Required period .: 2 months

Concreting

Two units of 10 m shutter are used.

Concreting (453 m3/shift) 15 hrs.
Curing . : 33 hrs._
Removal of form : 1 day
Assembling of form . 2-days
' One cycle = 5 days



(4)

Monthly output : 60 m/shutter/month x 2 shutters =
120 m/month .

Concreting period: 9.7 months
Saddle dams

Saddle Dam I has an excavation volume of 870,000 m3 and
ombankment volume of 1,400,000 m3. Those: for Saddle Dam I1
are 200,000 m- and 740,000 m° respectively. Diversion
tunnels are not requirsd for either of the dams. Excavation
of Saddle Dam II starts from the 9th month after commencement
of the main works when the diversion tunnel works of the main
dam are fairly well under way. Excaﬁation for Saddle Dam I
is to’ start whén the embankment: of Saddle Dam. IT becomes
possible, and the excavated éoils cany be iﬁcérporated in the
embaﬁkment of Saddle Dam-II. The embankments of both'dams
are scheduled to be completed before commencement of the main

dam embankment.

Excavation of Saddle Dam 1T

Total velume 5 ¥ =-195,100 ﬁ3

Monthly output ;2,800 m3/m0nth

Reguired period : 7 months

- Excavation of Saddle Dam I and embankment of Saddle Dam II

Total volume .V = 868,100 m°
Monthly output : 79,000 m3/month
Daily output ;3,200 m3/day
Required period : 11 months
Embankment of Saddle Dam 1
Total volume . V= 1,395,500 n°
Monthly ‘output : 140,000 m3/m0nth
Daily output : 5,600 mBIday
Required period © ;10 months
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Main dam

The upstream cofferdam is to. be included as a part of the
main dam and has an axcavatibn volume of 134,000 m3, and
embankment wvolume of 500,000 m3. Besides, those for the

downstream  are 50,000 m3 and 150,000 m3 respectively.

These works shall start on February, 1996 {(22nd month) when
the river is diverted into the tunnels, and are to be

completed within 5 months {(during dry season).

Bxcavation of the main dam starts 1.5 months later, after
diversion of the river. Within 3.5 months thereafter, its

volune is to reach 360,000 m3 in order that embanking may be

commenced.
Excavation
Total volume ¢V = 356,200 m3
Monthly output : 108,000 m3/month
Daily output 4,000 m3/day
Required period : 3.5 months
Embankment
. Core
Total volume ~ : V = 391,600 m3
_Monthly output : 27,000 m"fmonth
Daily output ¢ 1,100 m3lday
Required period : 14.5 months
. Filter o
Total volume r Vo= 321,200 m3

Monthly output’ i 19,500 m°/month
Daily output ;800 m3/day

LT3
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. Rock
Total volume  : V = 1,649,200 m°
Monthly output : 100,000 m3/month
Daily output : 4,000 m3/day

Waterway and powerhouse

Tnitially, excavations of ~ 240,000 m? at the powerhouse and
1,040,000 m3 in front of power intake are carried out. After.
completion of the ‘excavation at +the. fromt of the power
intake, two waterway tunnels will be excavated simultaneously
from the upstream side. The upper tunnels ‘have a total
length of 370 m in the two lines. When the powerhouse
excavation has reached EL.17.4 m, excavations of two lower
tunnels having a total 1gngth of 33 m will ‘be commenced.
Thereafter, two inclined tunnels of 101 m total length will

be excavated and this completes the excavation of the

waterway tunnels,

Excavation of upper and lower tummels (403 m long in total)

A 5-boom jumbo unit used in the excavation of the diversion
tunnels will be improved and adapted for use in the waterway

tunnels excavation. 0.5 months is allowed - for the jumbo
modification.

Progress per round of 3 m is expected in each tunnel.

Monthly output : 75 m/cut face/month x 2 cut faces = 150 m
Daily output : 3 m/cut face/month x 2 cut faces = 6 m

Required period : 3 months

Excavation of inglined shafts (101 m long in total)

Pilot shaft : 0.5 months
Enlargement of shaft: 0.5 months



Excavation of gate shafts (88 m long in total)

Pilot shaft : 0.5 months
Enlargement of shaft: 0.5 months

Using crawler drills, a dally progress of 3 m/cut face is

expected, and two shafts are simultaneously excavated.

Installation of steel liners

Lower horizontal portions 33 m
Bending liners 70 m
Inclined shafts 31 m
Upper horizoﬁtal.portions 7m

Total length for twe liners 14l m
Installation and concrete back-filling works will be carried
out independently of the powerhouse excavation, work

proceeding in an upstream direction.

Monthly output : 26 mfmonth

" Reguired period : 5.5 months

Concreting of tunnels

Total length of concrete lining for two tunnels is 245 m.

Two units of 6 m shutter will be used, and cycle time of 5

days is estimated.

245 m/6 m x 5 days/(2 tunnels x 25 days) = 4,1 months

12.- 11
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Excavation of powerhouse

Common 73,700 w°

Rock ;161,300 m°
Total : 235,000 m3
Monthly output : 14,000 m3/month
Daily output : 553'm3/déy |
Required period 17 months

- Common excavation
Monthly output ;66,000 m3/month

(8 hrs x 330 m>/hr x 25 days = 66,000 m°/month)

Reguired period : 2 months

-~ Rock excavation

Monthly output ;18,000 mB/month
Required period ~: 9 months (Float : 6 months)

Concreting of powerhouse

Of the 56,000 m3 total volume of concrete, 74,000 m3 is in

concrete up to crane girder beam level.

Monthly output 4,700 m3/moﬁth
Daily output : 190 m3/day

Within 12 months, concreting work up to the crane gifder beam

will be completed.

Installation of electro-mechanical equipment

'(Electro-mechanical facilities of the powerhouse)

Upon  completion of the powerhouse  building, after

installation of the draft tubes, the overhead travelling



(8)

crane will be installed. Transportation and installation of
the spiral casings inside the powerhouse then become possible

by use of the crane,

After installation of the spiral casings, concreting up to
the level of powerhouse foundation will be carried out
fellowed by assembly of the turbines, The stator and rotor
of generaiors'are first fixed together at the assembling bay,
and then installed and set in their correct positions.
Thereafter, the generators are assembled. During this time,
the main transformers and 275 kV outdoor equipment will be
installed, and finally after adjustment and lest operation,
the installation of electro-mechanical equipment is

completed.

For installation of the above equipment, two months is
estimated for the overhead travelling crane, and 18 months
from the commencement of spirél casing installation for Unit

No.l to the taking over of No.2 Unit.

{275 kV transmission line)

A 275 kV doublefcircﬁit transmission line with a total length

of about 7 km will be édnstructed, and 7 commection will be

adopted at the nearest.existing 275 kV transmission line.
7 months are required for the construction at site.
Installation of gates and valves

In;ake gate

For installation, 6 months are required before reservoir

impounding begins.

12 - 13



12.5.

Draft gate

6 months are required before test operation of the turbine

without water.

Bottom outlet facility

No.l Diversion Tumnel will be shut down in the dry season
using stop-logs, and the installation will be cavried out .

within a period of 8 months before reservoir impounding.
{9) Impounding and test operation

With an impounding date at the middle 6f Noﬁe@ber, it will
take about 3.5 months for the reservoir to reach a level
suifable for test operation with water. In the average
year, a water level of EL.77.0 m is expected By this time.
By the middle of April (5£h month), the water level is
expected to be at the high water level of EL.80 m.

Construction Supervision

The scope of construction supefﬁision includes the activities
required . after evaluation of tenders for the main works.
Construction drawings are scheduled to be prepared' within a

period of 16 months following the opénihg of tenders.

The construction Supervision is plannéd to be executed by the
foreign and local consultants appeinted by the implementing
authority. The time schedule from the opening of tenders to the
signing of contracts is shown on Fig.12;1~1. Fig.12-4-1 refers

to the construction schedule from commencement of the main works.



12.6.

Main work items of construction supervision are as follows,

- Preparation of the tender evaluation report

~ Assistance in the contract negotiation

- Preparation of construction drawings

- Preparation of monthly progress certificates

- Preparation of monthiy reports on progress management
- Preparation of quarterly reports on cost control

- Preparation of monthly reports on quality control

- Witnessing factory and site tests

~ Design changes at the site

Measures on Environmental Problems

This project invblves a2 number of environmental problems
including the inundated farm lands upstream, and proper measures
to deal with these probleiss are considered necessary. Basically,
the implementing authority will mainly perform these measures in
cooperation or association with the other authorities concerned.
The employment of a 1ocal_0r foreign consultant specialized in
the field of environmental measures might provide a very useful

expansion of available experience in this field.

The following ouwtlines a preliminary appreoach to settling the

main environmental problems.

~{1) Resettlement of the inundated farm lands in the upstream

drea

The inundated farm land to be resettled should be measured
by cafrying'out a detailed survey using the newly produced

topographical map of the reservoir.
After a survey of the particular site for relocation, an

implementation - programme of  resettlement  should - be

established.

12 - 15



(2)

(3)

(&)

The programme should be implemented soon after . getting
approval from the authorities concerned. Since the
cultivation of farm lands requires many years, 7 years are

estimated for implementation.

Therefore, it is necessary to ascertain the authority for

implementing cultivations.
Development of aguaculture industry

The development of aquaculture industry using the reserveir
should be designed at an early stage after impounding, to
minimize the impact on the people to be relocated due-to

impounding.

An Aimplementation programme - should  be - prepared .by an
appointed specialist, and upon approval of the programme,
the training of fishermen, and a pilot project should’ be
carried out under the jurisdiction of the authority selected

for implementation.

If it is anticipated that fluctuations of the water level :in
the reservoir will cause problems, these must be studied and

small dams constructed in the upstream tributaries.
Training on environmental measures

Training for imparting knowledge and providing techniques
related to the preservation of enviromment should be
implemented for the people related to this project. For
this objective, local and foreign experts should be invited.
It is also recommended to have training at the authority

responsible for implementation.
Detail survey of fauna and flora in the inundation area

For implementation of the detail survey, a local specialist

should be appointed.



(5)

(6)

(7

(8)

Felling and clearing of the forest within the reservoir

Based on the neﬁly produced topographical map of the
regervoir, felling and cleéring plans of timber in the
unlogged forest within the inundated area should be prepared
and implemented - under = jurisdiction of the Forestry
Department of the Kelantan State. At the same time,
Clearing of non-valuable and non-commercial trees within the

reservoir area should be planned and carried out.
Afforestation of the reservoir bank

An afforestation programme should be established followed by
determination of ‘the. locations of the forest reserve
extending along the reservoir bank, and the locations to he
afforested. Thereafter, an agency for implementation should

ba selected and properly authorized to proceed.
Monitoring of water quality

For water quality monitoring, the agency for implementation
should be . selected, and monitoring executed before
commencement of the construction works, The monitoring
should be continuous even after completion of the project,
and recommendations given to the project owner and other

authorities concerned.
Detailed investigation of the siltation problem

A loecal -specialist should be employed to produce a detailed
survey on land /erosion “in . the +ipstream area: of the
reservoir, together” with conclusions regarding reservoir

siltation and any posible countermeasures.



(9)

(10)

{11)

Medico-ecological monitoving

For a wmedico-ecological monitoring, the - agency for
implementation should be selected, and the monitoring should
be executed before commencement of the constyruction works,
Continuous monitoring should be carried out even after
completion of the project, and recommendations given to the

project owner and the authority concerned.
Compensation for inundation

A list of quantities and numbers of property, houses and
farm lands, etc. should be prepared, based on the result of
detail survey, by the project owner in éoqperation with the
authority concerned, Unit - rates to be applied for
coﬁpensation should be determined. Monetary"compensation
should be kept to a nﬁnimum,-with goods and ‘agricultural
plantations, etc. used in preference as compensation. The
project owner with assistance from the authority concerned
should also assist to provide new employment opportunities
for the people who 1oses,theii jobs by the inundation. The

necessary job training should also be given.
Construction of relocation roads

Based on the redevelcpment programmés of the foreét and
agricultural plantations in the upstream veservoir area, a
relocation road plan should be established by the project

owner in cooperation with the authority concerned. For - the
construction of relocation roads, -the local consultant
appointed by the implementation agency will be involved in

the design and construction supervision.



(12)

(13)

Installation of fish ladder

Yor installation of a fish ladder, the local expert
appointed by the project owner will be involved in the
design and construction supervision,

Construction of re-regulating pondage

For the construction of re-regulating pondage, the local

consultant appointed by the project owner will be involved

in the design and construction supervision.
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Fig.12-1-1

Time Schedule for Detail Design and Preparation of Tender Document for Lebir Dam Project
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Fig. 12—~4- 1 Construction Schedule of Main Works

Item Quantity  [1|2]3 : 37 535455 Remarks
| 8 | 4 9 8|2|i0
Mobilization
Site Installation
Common t 250500 m?
Quarry Rock Froduct | 5 000,000 m®
Open Ex, 141,200 m®
‘Diversion Tunnel Tunne] Ex. 189,100 P
Con. 79500 md
Ex 127,300 m® |-
Upstrearn Cofferdam Em 563500 1
Ex 45,700
Downstream Cofferdam e 154000 m |
Ex. 356,200 m3
Main DBam Grouting 13,050 m’
Ern. 2362000 m
Ex. 868,100 m®
Saddle Dam 1 Grouting 8,820 m
' Em. | 395500 n?
Ex. 195100 m®
Saddie Dam I — —
' ' Em. 741700
Spi Ex. [ 318,800 m®
pillway Con. 121,600 s |
Tunnei Ex. 3,600 m? o —————
Bottom Outlet Con. 1,500 n
Facijity Inst. .
Open Ex | 042,100 m®
Tunnel Ex 2,600 m?
Power Intake Shoft Ex. 14,700 m®
Con 2,270 m
Gate & Screen
- Tunne] Ex. 31,100 o
Penstock Tunnei Con. 8,100 m?
Steel Liner 220 m?
Ex. 238,000 m®
Con. 74,000 m®
Draft Gatre :
Power house Over Head Crane —
: “Unit # 1 —_— sment
. ®2 —_— .
MT ¥ 1 —_
#2 —
: Ex. 437,300 m3 |
Tailrace Con, 12,300 m?
Ex. 74,900 m?
Switchyard Con. 4,000 m®
E/NM — .

Transmission Line

Hydrological Telemetering &

Downstream Warning System







1. Cost Estimate for the Project






i3, Cost Estimates for the Project

13.1. Items of Cost Bstimates

Cost estimates for the Project comprise the following items:

(1)
{2)
(3)
(4)
(5)

Preliminaries

Civil and metal works
Electro-mechanical work
Compensation for resettlement
Others

Breakdown of each item is as follows:

13.1.1. Preliminaries

(1)

Site Preparation

Prepavatory work necessary to implement the wmain con-

 struction work, such as civil and metal works and electro-

mechanical work. Examples are, the construction of access
and bypass roads, powet transmission and telecommunication
facilities for the construction purpose, site offices and

lodging facilities.

{(a) Access Road
Construction of an access road from Tualang to the
dam site on the left bank of the Lebir River,
extending for some 3 km,

(b) Bypass Road for Logging
Construction of a bypass logging road for

construction of the Saddle Dam T on the right bank of

" the Lebir River, extending for some 8 km.

i3 - 1



(2)

(3}

(c)

(a)

(e)

Construction Power Transmission Line

Installation of a 33 kV power transmission line from
Kuala Kerai to the dam site over the distance of some
60 km, and construction of the associated substation.

Telecommunication Facilities

Installation of telecomounication facilities for the

purpose of construction, including intra-project

‘telecommunication systems.

Base Camp and Facilities

Construction of site offices and lodging facilities

for the use of NEB and engineering consultants.

Road Relocation

Relocation of the existing roads due to impounding in the

reservoir, extending for some 75 km for the projected

highest reservoir water leﬁel of EL. 88.1 m.

Environmental Protection

(a)

(b)

(d)

Installation of a set of hydro-telemetering and down-

stream dischafge alarm systems
Relocation of animals
Felling and clearing in the proposed reservoir -

Construction of u fish ladder



13.1.2.

13.1.3.

13.1.4.

13.1.5.

{e) Construction of a regulating reservoir

(£f) Others (afforestation, water quality monitoring,
etc.)

Civil and Metal Works

Civil and metal works include the construction of the following

facilities:

(1} Dam

(2) Waterway

(3) Powerhouse and switchyard
(4) Metal works '

Ele¢tro-Mechanical Work

(including erection of equipment)

_(1) Turbines

(2) Generators
(3) Main transformer and switchgear

(4) Associated transmission line

Compensation for Resettlement

Compensation for relocation of houses, plantations, public

installations, ete., to be submerged by dmpounding in the

" reservoir.

Others
Engineering consultancy services required for investigation,

detailed engineering and field design, bidding, and

construction supervision.

13 -
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Administrative work to be done by NEB themselves in

implementing the Project.

(1) Engineering Consultancy Services

(a) TField investigation, detailed engineering and design

(b)

(c)

(a)

- Field investigation

- Various analyses

- Design and preparation of drawings

- Preparation of prequalification documents
- Preparation of tender documents

- Design of preparatory works
Construction Supervision

- Evaluation_of'bids and assistance in contract

negotiations
- Preparation of erection and construction drawings

- Construction supervision for a period of 50 months
Administrative Work te be done by NEB themselves

Administrative work indispensable for implementation

of the Project.

Examples are investigation of loss of properties to
be submerged under water, establishment of criteria
for  compensation, planning of relocation of
plantations, and administration  for implémenting

environmental protection measures.
Interest during Construction

Not included in the cost estimatés.



{e) .Contingencies

~Contingencies are included in the cost estimates of
each work item. There are appropriated not for price
fluctuation, but for possible physical changes in the

construction work.

13.2, Criteria and Method for Cost Estimates

13.2.1.

13.2.2.

Criteria for Estimating Costs
(1) Price base year : 1987
{(2) TLocal procurement:

- Labourers _

- Construction materials _ :
{Cement, reinforcing bars, lumber, powder, fuel for
power, etc.)

- Field services
(Surveys, tests, investigations, etc.)

Light vehicles

{3) Procurement from abroad:

- Poreign supervisors
- Heavy construction equipment

- 8pecial equipment and materials

Method for Estimating Cost for Civil Work

The contract price of the civil work is composed of the
elements -as given im Table 13-2-1. It is made vp of direct
cost, indirect cost and  general administration ' expenses

{markups). The direct cost is determined by summing up cost



estimates for each of the main elements of the construction
work. The indirect cost and markups are obtained by
multiplying the direct cost by certain factors determined on
the basis of the past data. The factors used for estimating

cost for the civil work are as follows.

General site installation cost:

97 of the direct cost

General site expenses:

13.2% of the net construction cost

Markups:

9.3% of the construction cost

In sum, the contract price of the civil work carries a 357

increase over the direct cost, ‘and it breaks down by element

of cast to:

Direct cost e TAL R
General site installation cost 6.7 Z
General site expenses ' e 107 %

Subtotal : 91.5 %
Markups c: 0 8.5%

Total 100 %

13.2.3. Unit Price of Principal Construction Materials

The unit price of principal construction materials used for

estimating cost for the civil ‘work is as given below:



Labourers:

Man-day - Per hour

(M$) (M$)
Foreman 73.00 10.01
Carpenter 43.00 5.91
.Electrician ' ' 38.00 5.23
Pneumatic driller 38.00 5.23
Ganger 35.00 4,81
Truck lorry driver 25.00 3.44
Steel bar bender 24.00 3.30
Genéral labourer 18.00 2.48

Materials:

(M$)
Cement {40 kg/bag) 9.10
Cement (bulk) . 178.00/ton
Steel bar 901.00/ton
Dynamite 14.58/ kg
An-Fo : = 0.96/kg
Detonator - 1.70/pc.
Electricity "~ 0.20/kWh

Construction equipment:

Expenditure for construction equipment to be used for the
civil work is obtained by estimating the standard
ownership cost from the base (acquisition) value of the
respective equipment in consideration of the past

performancé data,.

The base value of equipment of similar sort to that used

- for the civil work is as shown in Tahle 13-2-2.
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13.2.4.

13.2.5.

13.2.6.

13.2.7.

13.2.8.

13.2.9.

Unit Cost of Civil Work

Shown in Table 13-2-3 is the cost (including markups) per unit
amount of work for the 27 principal civil work items. The
breakdown of such work ijtems is as given in Appendix Table

13-1.

Unit Cost of Metai Hork

Shown in Table 13-2-4 is the cost per unit amount of work (ton)

for the principal metal work items.

Cost for Electro-Mechanical Work

Refer to the preceding Section 10.9.

Cost for Preliminaries

Table 11-13-8 refers to the cost of relocation of roads in the

upstream reach of the projected reservoir.

Section 11.14 refers to the cost of environmental protection,

Given in Table 13-2-5 is the cost for the site preparation.

Compensation for Resettlement

Refer to Section 11.13.2.

Cost for Engineering Consultancy Services

Cost for engineering consultancy services (excluding contin-

gency) by item and currency is as shown below:

13 - 8



Foreign Local
Currency Currency
Field - 4,886
investigation
Detailed 5,980 1,149
engineering and
design
Construction 32,182 6,651
supervision
Total 38,162 12,686

13.2.10. NEB Administration Cost

13.2.11.

(M$. 1,000)

Total

4,886
7,129
38,833

50,848

An amount corresﬁonding to 2.25% of the total project cost of

M$565,726,000 (without contingencies) is

administration cost.

Contingencies

added as the NEB

An amount corresponding.td 5 to 1sz.of the individual work cost

as shown

10%
15%
107

52

10Z
10%
10%

below is added as physical contingencies:

of
of
of
of
of
of
of

the
the

‘the

the

the

the
the

cost for preliminaries

cost for civil work

cost for metal work

cost for electro-mechanical work

compensation for resettlement

cost for engineering consultancy services

NEB administration cost



13.3.

13.3.1.

13.3.2.

Estimated Cost of the Project

Estimated Cost by'Item

The estimated cost with and without contingencies by work item

is as summarized below: o
(M$ 1,000,000)
Without With
Contingencies Contingencies

(1) Preliminaries 54.1 59.5

(2) Civil Work 218.7 251.5

(3) Metal Work 19.6 21.6

(4) Electro-Mechanical Work 141.8 148.9

(5) Compensation for 80.7 : 88.7
Resettlement .

(6) Engineering Consultancy 50.8 _ 55.9
Services ’ .

(7) “NEB Administration 12,7 14.0
Total 578.4  640.1

Breakdown of the estimated cost by item is as tabulated in
Table 13-3-1. Also tabulated in Table 13-3-2 is further

breakdown of the estimated cost for the civil and metal works.

Estimated Cost by Currency

Table 13-3-3 shows the 'rétio'of. fofeign aﬁd local curréncy
costs by work item. In_calculating the cost by cuarrency, the
exchange rate of US$ 1 = M$ (Ringgit) 2.5 (as of March, 1987)

was used.

" The estimated cost of the Project by currency is as summarized

below: _ .
(M$ 1,000,000)
Without With
Contingencies Contingencies
Local Currency Cost _ 290.7 325.2
Foreign Currency Cost 287.7 314.9
Total 578.4 640.1



‘Breakdown of the estimated cost by currency and item is given
in Table 13~3-1.

13.3.3. Estimatedlﬂost by Purpose

The estimated cost of the project by purpose isg as summarized

below:
Without With

Purpose Contingencies Contingencies

1085 1053
Dam ' . 210.4 - 238.9
Power 241.7 262.2
Environment 126.3 -139.0
Total 578.4 640.1

Breakdown of the estimated cost by purpose is given in Table
13-3-4.

Although it is not the purpese of this study to figure out an
amount of the allocation of the project cost to each
| beneficiary sector, i.e. power, flood mitigation and
agriculture irrigation, nor within the scope of the study, a
preliminary indication of such cost alldcation is presented in
Attachment 13-1 of Appendix, for reference, to demonstrate one

of methods applicable.

13.4. Annual Disbursement Schedule

The annual disbursement schedule is prepared based on the progress
rate of construction by vyear estimated from Fig. 12-0-1
Implementation Program, Fig. 12-1-1 Time Schedule for Detailed
Design and Preparation of Tender Documents, and Fig. 12-4-1

Construction Schedule of Main Works of the preceding Chapter 12.

"The annual progress rate of construction is given in Table 13-4-1.
The annual disbursements by work item and currency are tabulated
'in Table 13-4-2, Shown below is a summary of the annual

disbursements {including contingencies) by currency:
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Year

1990

1991

1992

1993

1994

1985
19496

1997
1998

1999

Event

To work out a plantation
relocation program

To start detailed
engineering and design

- To carry out bidding .and

start the preparatory work

To implement the plantation

relocation program

To start the main
construction work

To start impounding in

‘the reservoir

To start the plant
operation

Total

Foreign
Currency
Cost
9,23
2.52
2.10

26.52

58.35
56.65

104.48
46.51
8.60

314.96

13 - 12

(M$ 1,000,000)

Local
Currency

Cost

2.05
12.§5
18.92

-20.83
49.25

55.41
65.02

73.35
19.79
7.91

325.18

Total

2.05
21.88
21.44
22.93
75.77

113.76

121.67

177.83

66.30

16.51

640.14
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Jable 13-2~2 Base Price of Hajor Construction Equipment

Description Base price {(Ringgit)

Bulldozer D 8 498, 600
Tractor Shovel 988 8 719, 400
pump Truck 769 B 333, 300
Tractor Shovel 915 H 356, 900
“Grawler Drill 110, 600
Compressor 113,500
Truck Crane 254 ton 404, 200
Boring Machine 5.5 kM 30,200

Grouting Machine 15, 300
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[ RN

10.

12.

13

14
15.
16.
7.
18,
18,
20,
21.
22.
23.
24.
25.
26.
27,

Quarry rock extraction
Aggregate production

Cement (bulk)

Cement (bag )
Concrate-Batching plant
Formworks

Excavation, common

‘Excavation, rock

Embankment, rock

Embankment, re-used rock

Embankment, filter
Enbankment, outer shetl
Embankment, core
Protection dyke
Backfilt

Foundation treatment

‘Fxcavation, tunnel

Rock boit

Concrete, open
Concrete, tunne!
Re-bar

Shotcrete, open
Shotcrete, tunnel
Grouting hole, curtain

Grouting hole, consolidation

Cement grouting
Steel rib

208 8 8 %8 %S N AN

Table13-2-3 Unit Price for

w

on

ton
ton

‘gL

m
ton
ton

13-15

main works

4.62
4,33
8.66
202.66
229.98
94.86
12.77
4.50
7.98
16.29

- 5.28
15.48
16.56
7.98
2,34
2.19
6.87
58.78
2,704.20
153. 05
168.26
1,920.00
349.12
368.47
58. 77
14.01
31.66
2,498.94



Table 13-2-4 Estimated Cost for Metal Work ({as of 1987)

1. Steel Pipe (per ton)

1. FOB H§ 4,600
. 0G&I 3 305
3. Erection He 1,995

Jotal M 6,900

2. Gate/Valve(per foh)

1. FOB H$ 6, 085
. 06 &1 H§ 420
3. Erection H$ 2,195

Total M3 8,700

3. Trashrack,Stoplog (per ton) .

509 of Gate/Value  M$ 3,500
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Table 13~2-5 Estimated Cost for Site Preparation
a. Access Road . _
fength 3 %X 300,000 Ringgit/tm= 0.9x10% Ringgit

b. Retocation Read of Logoing Track
Tength 8 k< 300,000 Ringgit/uwe= 2.4%10° Ringoit

¢. Conmstruction Power ‘
Lump sum - 7.2x10¢ Ringgit

d. Telecommunication - |
© Lump sum : 0.8x10¢ Ringgit

8. Base Camp-Eacilities
2,500 nf> 400 Ringgit/m 1.0x10% Ringgit .

total 12.3X10% Ringgit

1317



982°Z41°83¢ p18'256'p1E 00r‘gzZI0bY IVLIOL. ONVHD

0D¥*988"* 12 DO BYETH 000916 'R9 12103808
Q09 Z¥G'E 009'giR‘e 0potasetg . E9TOUAUTIUCD (¥}
0 0 0 UOTIFONJIAEUOS FUTING 359I92UT ()
Q00°274°21 Q LA ATAEA UCTABILSTULUDY  BJBUNMD) L7
000212 2% 000'gei‘ge 000 RPR‘0Y , SuTJoautAug (]}

SI9430  '§.

009°941'88 .

LT T i} 18302qns
0090208 0 009°0.L0°8 — BOTOUSZUTIUON (2
0on96)on o aptgnrtog UOI11UEUaCWO?) ~JUaWaT31260H (I11°F
008 L0 6T 002 LeB8 €G] 000988 881 183034n%
0Ge* ST O0Z'EAE‘S 000'060" .. BATOUIFUIIUCH {¢)
000 0%E N0D'08T‘E 00O 02T ¥ BUI UoISsIWsUBI ()
GOG°ART T Qpn'ers el 000'096°97 J98HYO] TMG A JIBWIOISURI], (¢
an0*p66°S 000'122'69 0O0'SIe* Sy Joselauan (7
pog'lany et auIqQany (1}

000°01Z°9

QOO '06Y ‘AL

SHIOM ﬁduﬂ:anumz 7 ﬁﬂﬂwhaouﬂm T

9z ey vbl YLE'EQR 82T GOB'REQ ' £12 T83034qng
659°'629°81 102'1g1°9] 00609 be 52T10UsFUTIUC (§)
007 e7 B¢ 008 269°67 000°919°R1 BHIO0M TeIal (%)
659 0BE" PE i1vy'0Z4°6T QOT'11L'0g RIRAYDIING /3IBNOYIBNOG (§
RG.‘NG6°TT ZEG*LTI'D 00L ' 889°8¢ Lemdarey (7
001 189° 12 PRI ) 002232 61 weq (]

EMICH TBISH puU® {YATD . °g
066G SpZ "B obs '292' 01 006805 ' 6S 17301008
096815 % O¥E ZER 006 60r 4 BITOUDBUTAUOD (p)
008°612°9 Qotfgzc’s 000676 'ST JUBLUOITAUY (£}
000 peg ez 0 ponagziaz UoIlBI0]aY pROY (7}
DT T A 0 000 0082 uotieledaag a3Tg (1)

m@.mh.nﬂﬁﬁ.m.mmhnw 1

{3 TEBUTY) . {3TEFuTy) '
ADNIBUND TVO0T | XAONFHIND NOYHHOL (A 13FUTHY  LNOOHY TY.LOL RILI :

. : g IB/XBUD

et tqamtetaieann e easraasnnan (ATBIUTYH) | 0BG {(s/pu) Xeup

00P°521°0%9  IVLOL QXVHED ; 08 (£8P 'E/cHIIn

.................. S UUOUPUUP U OORNSUUPUUPRR SO Al .1 (Mg} Xwuuig

0g (W)  T°M°N

1'84 (Ui ey

1500 329

=

foag

‘pe3ieWTIlEY

I-g=g1 271qel

13-18



Table 13-3-2

Breakdown of Cost for Civil and Metal Worhs

Lebir Dam Project Feasibility Study | G _R‘_.%_lg TOTAJ).. ____________________ 238,277,962 |
Uost Bréalidoun of Civil and HelLal Works (172Y
1. Civil Works
S!! D am . . K
DESCRIPTION UNIT QUANTITY TNIT RATE ~ANQUNT
. : 3 . {Ringgit) (Rin%git;
a) Clearing & Stripping mZ 125,600 , 0U .
1)-1 b) Excavation , common k] 249,300 4,50 1,121,850
Main danm 'Y Excavation , rock iy 106, 500 L B53,0062
d} Embankment , rock mJ3 1,088,100 16,29 17,725,149
€) Embankment , re-used Rock md 400,000 5.23 2,112,000
“Embankment -, fine Iilter m3 160,600 15,48 2,486,088
&) EmbankKment , coarse TiJter mJ 160,600 15,148 ¢, 486,048
h mbankment , cote mJdy - - 397,600 ~ 7.88 3,124,968
1] Embankment outer sﬁe‘ﬂ [k 16T, 100 TG 50 2,007,816
37 Foundation treaﬁment [5v4 21,0400 5.8 144,270
k) Urouting hole , curtain [ 9,980 od. 286,530
1) Grouting hele , consalldation [ 3,070 14,0 43,011
|m Cement grouting m 13,050 31,6 413,163
n) Instrumentation LS. 1 TOUD 000,00 2,000,000
os Miscellancous ({alto{n))¥ 32’. L.S. 1 1,078,580, 70 1,078,581
Subtotal ! 37,031,271
A} rxcavation , common M3 121,100 4.50 b44,89bp0
{1)-2 . b} "Excavation , rock m3 51,900 7,98 118,162
Upstream & ¢} kmbankment , rocek m3 384,300 "16. %9 b,et0, 247
Downstream d} Embankment ,” Tine filter m3 - 34,100 15.48 527,868
Cefferdams &) Embankment , coarse lilter [RK] - 34,100 10,48 Del,000
T) Embankment , ‘core md 50,400 T.98 402,19¢
&) Embankment cuter sheil ma 154,600 15.56 2,560,176
({h) Foundation treﬂment m3 8,900 8.87 61,143
iy Kiprap | : Y 50,400 16,56 837,624
3} Lrouting hole curtaln my 1,700 5817 59,509
k) Cement grouting T T, 700 31.66 53,822
1) Hiscellaneous (a)to(k)}*3% -3, 1 365 608_83 368,
Subtotal j - ) ¥2,656,570
a)T}learlng & Sﬂfrlp{ung me 124,900 I bl 187,350
1}-3 b)) EXgavation ., common m3 1,259,500 .50 ~b,bhd,e00
Spiliway c) Excavation , rock K] 59, 200 T.98 372,316
d ). Conerete - [K] - 121,500 183,00 15,610,880
e} Re-bar (ton 3,500 1,920,000 6,720,000
F) Shotcrete mJd : 420 349,14 146,630
€) Packfill) mJ 285,000 2.79 712,845
(R} Hiscellaneous ({a)to(zﬂ*ai LS. T 975,549,643 975,550
‘| Subtotal . 33,393,871 |
- a] ExXcavationh , common mn3 94, TUY 4,00 440, 1.JU
{1)-4 b} Excavation , rock ™3 6,] . 1.98 374,
Diversion gy Tunnel excavation mJ 189, 08,78 11,175, 298—
tunnels {d} Open concretle ma 13,200 153,05 2,020,260
- [[e) Tunnel concrete mJ 57,800 165, 25 . s
) Re-bar i ton 1,750 1,920,000 3,360,000
g). Rock bolt - (t,l.mne.l; Lon 124 -2, 734,20 db1,Z58
hY Shotcrete (tunnel) m3 4,200 368,47 1,547,574
i} BLeekl rib Lon 395 Z,38%8.9 —1,235,07%
J) Open shotcrete m 380 349,12 67,573
K} Piug concrete mJ - ¥,b00 169, 2 1,938,710
1) Protection dyke ma ) 17,200 Z2.34 40,238
{m] Miscellanecus ((a)to(l)]*a% - 1 955, Th0.47 49b, 750
Subtotal 32,.814,G%9
a) Clearing & sStripping mé 971, 30u 1.50 137,850
K1)-5 b}y Excavation , common ma 853, 100U 4750 e, 906,450
Saddle dam 1 c) Embankment , TOCK m3 914,300 16.29 13,855,576
d)} Embankment , fine Pilter My 0, 100 15,438 1,709,338 ¢
e} Embankment , coarse filter m3 0, J00 15,48 1,704,398 {
'y Embankmeni _; core mJ 250,500 7.98 2,081,982
g) Foundation ftreatment me 15,0600 6.87 107,172
h} Grouting hole , curiailn m 6,620 H8. 71 349,067
i}y Groufing hole consolldat1on m 2,200 14.G1 30,822
Ji cement grouting ]l B,520 31.6h 279,241
k) Outer shell . ™) 136,300 16.586 2,408,18%
KT Miscellaneous ((a)toﬂZT)ta% L.3. 824,868,590 BZ24,86Y
Subtotal 28,320,499
Hea) Clearing & Strlpm.ng . me oy, 8ol 100 103,00
(1)-6 By EXcavation , common - m3 195,100 1,50 877,950
Se.ddle dam 2 c)] Eavthiill(Erom Saddle dam 1) ma E5%, 100 Zs — 1 427,149
d) Riprap . - mJ :b3,300 16, 1,048,248
e Embankment ; coarss filter mJ 15,900 1557 247,589 |
Toe fI11 - ™3 9,500 - 16,28 153,765
Hiscellaneoua '(‘(a)toitl)‘&% 5. _IZ'T 526.08 147,527
Subtotal — 3,378,413
a)] Junnet excavatxon mJd 3,600 Dd. 1B «11,608
(1)— b unnel concrete m3 1,500 165,26 253, B9
Bottom outlet Re-bar (ton [ 1,920.00 86,400
dT Hiace Ianeous [{a)tole))*3% .8, 1 16,556.94 16,557
Subtotal — 568,450
'I‘OTAL 149,¢bd, 110




Table 13-3-2 (

continuved
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Cost Breakdown of Civil and Hetal Worka (£/72])
(ff Power Waterway. ] -
ITEM DESCRIFPTION UNIT QUANTITY UNIT RATE AMGURT
. . . (Ringglt) {Ringgit}
a} Lxoavation , common md o0z, ¥l 4. 50 ey aba, 08l
H2)-1 b} "Excavation , rock na 539, 200 7.98 4, 302,818
Power intake o) Generele 03 3,500 163.056 550,580
d) Shotcrete (open) 3 8,700 349,12 3,037,344
e) Rock bolt (ton 25 2,144.20 58,605
T} Intake tunne excavat1on w3 ¢, 600 5.8 152, 82H
g) Intake tunnel concrete m B0 169.26 113,404
h)} Gate shaltl excavalion {tunnel) [T} 14,700 T BELTE 864, U6E
1} Gate shaft concrete (tunnel) K] B,000 16026 1,354,080
JT RéBavr ton 658 T, 92000 1,320,960
Tk} Hiscellaneous {(a)}tolj])¥d% | I §20,843.09 §20, 849
Subtotal - 15,448,977
8} lunnel excavatlon mJd. 41,100 LN E - 1,845,008
K2)-2 b} Tunnel oconcrete mJd 8,100 169,206 1,371,006
Penstock 0} Shotcrete {tunnel) -{m3 1,240 - 36847 456,903
tunnel d} Rock bolt Lon 17 2, 74%.20 d58,601
a) Steel rib ton 81 2,498,954 202,414
f)} Re-~bar ton 110 1,920.00 211,200
i) Miscellapeous ((a)to(f))*S% L. 8, 1 123,486,96 123,487
Subtotal g, 239,719
TOTAL . . 18,648,096
Bl Powerhouse /o wailtchy AT d s o :
: ITEM DESCRIPTION UNIT QUARTITY UNIT RATE ~AMOUNT
- . . {Ringgit) [(Ringgit)
a) Excavation , common {md 13, (00 T Y1) 31,650
{3)-1 b] Excavation , rock mJ 151,300 T.98 1,287,174
Powerhouse o) Shotcrete ma [ - 349,12 243,910
d P.S. tenden m) 7,100 TZ7 .51 988,203
(e} Backfill - md). - 19,600 2.79 54,584
I’} Concrete ({Substructure) o3 38,600 153,05 1,438,230
g) Concrete , draft (m3 2:,400 - 153.05 3,887,470
h) He~bDar {ion - 5,340 -1,920.00 iG,444,800
i) Architectural WOTK ) T.5. 1 117,500,000.00 17,500,000
J) Hiséellaneois ((a)to{1)}#3% L.S5. 1 1,263,983.63 1,264,984
Subtotal . - ] §3,431,100
&) EXcavation , CGHMON m3 &1 1 0uU0 4.0U 1,248,100
{3)- b) Excavation , rock ma 231,700 —7.98 1,928,768
Tailrace ¢ ) Colcrets T Fidy . 12,300 193,00 1,882,515
d) Re-har n3}- 370 1,926, 00 710,300
&) Misdellaneous ({a}to(d])SEK =B .1 BT 11z 83 173,113
Subtotal ] . 5,943,514
: ) xcavation , common ma B3, 100 T 50 283,950
H3)~-3 |4} xcavation , rock . ma 11,300 1.98 4,164
Switchyard a} Concrele m3 4,000 103,00 6§12, 200
d) Re-bar {ton}. 160 . 1,920.00 307,200
[ Hlscellaneous ((a)to(d))*ax L.S5. T 38,822.42 .38, 325
Subtotal : 1,336,443
TOTAL b, 11,088
Civil Works Total 218,661,962
2 . h{e tel Works
n Works : R . RPN . i i
ITEH UNIT QUANTITY UNIT RATE AMGURT
. . . ' : (Ringgit) {Ringgit}):
i)=1  TPenstock steel ) tan 520" 6,300, 00 b, 344,000
i1}~2 Diveraion tunnel stopiog ton 50 3,500.00 2,290,000
I7=3 Gates ton 0 gT00 00 3,480,000
Intake | Scraen tonl 20 3,500.00 1,470,000
“|.gate & screen [Hake ton})- 86 3, 600,00 301,000
1= Tallrace gates ton 300 8,;700,00 Z2,010,000
T)-% Hottom outlet valve ton 350 8,700.00 3,132,000
Metal Works Total 19,616,000



Table 13-3-3 Ratio between Foreign Currency and Local Currency of
Fach Cost Item

F/G L/C

1. Preliminaries

(1) Site Preperation 0 100

{2) Road Relocation 0 100

{3) Environment 60 40
2. Civil and Metal Works _

(1) Dam 5 50

(2) Waterway | 36 64

(3) Powerhouse/switch yard 3 69

{4) Metal Works . 80 20
3. Electrical and Hechanical Works

(1} Turbine 86 14

{2) Generater _ 92 8

(3) Transformer/Switchgear 93 7

(4) Transmission Line 77 23

‘4. Resettlement _

(1) Resettiement/Compensation 0 - 100
5. Others y

(1) Engineering ' 75 25

(2) Owner’s Administration : 0 100

13-2
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Table 13-3-4 Project Cost for Major Project Component
Unit :Miltton M%

Wi thout contingency

With contingency

ften
Total Dam power | Env, Dag Power | tnv.
(1)Site Preparation | 12.3 1.909 7.380 | 0 5.412 [ 8.118 | 0
(0.4) (0.6)
(2)Road Relocation  [26.25 | o | 0  P6.250 | 0 |0 2,875
(3)Environment 15.548 | 0 0 15.549 | 0 0 17.104
(4)Dam 149.262 | 149.262 0 0 a0 | o
(5)¥atervay 18.680 1 0 |18.689 |0 o prae | o |
(6)Powerhouse 50.711) 0 |50.7110 0  [8.318 7
(7)Penstock Meta) 6.348( 0 6.348 | 0 0 6.983 | 0 o
(8)Power Gates 78611 0 7.8611{0 9 8647 | 0 |
| (9)Diversion Hetal 2.275] 2.215] ¢ ¢ :2.503 i 0
(10)Bottom Outiet Metal | 3.132 3.132| 0 0 3.445 [0 . 0
(11)Bottom Outlet Civi!-_*b 0 ¢ 0 0 ¢ 0
(12)Power E/N 141,79 0 han7es|o | o fas.sss| o
(13)Resst le. /Camp. 80.706{ 0 0 B0.706 | 0 0 88. 776
1(14)Eng ineering 50.848 | 43.221 7.627| 0 |47.543(8.390 { ©
| oto.85) (0.15)
(15)Adni. 12.712{ 7.627 | 1.271] 3.814| 8.390 | 1.398 | 4.195
(0.6) | (0.1} (0.3) _ _ :
Total 578.43}3_‘210,4_37 241,682 126, 319 [238,944 262,231 h38.950 |
Grand Total 578.438 640. 125
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14.

14.1.

Eeconomic and Financial Analyses

The economic and financial analyses of the Lebir Hydro Power

Project (hereinafter referred to as the Lebir Project)} are made

based in principle on the following basic conditions (a detail

explanation on the method of economic analysis is presented in

Attachment 14-1 of Appendix):

- Constant Malaysia doilar (H$) shall be based on the 1987 price.

- The base year of the present worth value calculation shall be
1998. .

- Discount rate shall be set at 6, 8, 10, 12, 14, 16, 18 and 20Z.

Basic Approaches to Economic and Financial Analyses

The basic approaches to the economic analysis are as summarized

below;_

(1

(2}

The economic advantage of the lLebir Project is compared with
that of the least cost alternative power source, which can
be représented by a combined cyele power project in the

western region of Peninsular Malaysia (hereinafter referred

to as the CCYW Project).

Further, a supplemental study based on the latest
information on thermal units is carried ocut and its result

is presented in Attachment 14-2 of Appendix.

The rated generating capacity {gross) of the Lebir Project

used for the analysis is set at 267.6 MW. . Studies are also-

‘made of the derated capacity (gross) of 240.5 MW in

consideration of water level variation in the reservoir in

the dry season.

14 - 1



(3)

(4)

(5)

The monetary benefit from the flood control'is assumed to be
M$16.133 x 106/year. It is calculated based on the
estimated benefit of M$ 8.155 x5106/year at the 1986 prices,
adjusted by price escalation to the 1987 value, and further

by the rate of increase in population and in GDP per capita.

Studies arve also made of the estimated benefit of M$27.3 x
lOﬁlyear based on the "Study for Kelantan River Rasin-Wide
Flood Mitigation Project”, .

The monetary benefit from improved irrigation is calculated
in the economic price. It is estimated te be M$14.994 x 106
at the discount rate of 10%.

Sensitivity analysis -is made of .the following variation

cases:

i. Cases in which the construction cost both for the Lebir
Project and the CCYW Project is increased and decreased

by 10Z.

ii. A case in which the completion date of the Lebir

Project is delayed by six months.

i1i. Cases 1in which the fuel cost of HM$3.538/MBTU 1is

increased to  M$5.0, M$7.5 and M$10.0/MBTU to

approximate to the international market price level.

The basic approaches to the financial analysis are as summarized

below:

(1)

(2)

Revenues from energy sales are compa:ed with costs of power
production 'By' the power sources consisting of the  Lebir
Project and then the ekistiﬁg:thermai'pdwer plant(s) to meet

the energy requirements with an annual 1oad factor of 68%.

Tthe same generating capacity (gross) as used  for the

cconomic analysis is applied to the financial analysis.
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14.2.

(3) Sensitivity analysis is made of the following variation

- cases:

i. Cases in which the construction cost for the Lebir

Project is increased and decreased by 10%.

ii. A case in which the completion date of the Lebir

Project is delayed by six months,

{4) Benefits from the flood control and the improved irrigation
are ta do with the national interest, but are not
directly to do with the NEB's interest. Hence, these are
not considered. in the financial analysis. However, an
attempt is made for reference to calculate the benefit in
the market price. The amount is estimated to be M$14.485 x

106 at the discount rate of 10%.

Input variables used for the economic and financial analyses are
given in Table 14.1. Eguations used for -the analyses are shown

in Table 14.2.

Calculation of Costs and Benefits

Table 14-3 shows the annual ievelized fixed cost of the Lebir
Project calculated at various discount trates for different cases.
Table 14-4 shows the annual unit fixed cost of the CCYW Project
calculated at various discount rates for different cases. Shown
in'Téﬁie 14-5 is the annual levelized fixed cost of the CCYW
Project calculated by using the annual unit fixed cost given in
Table 14-4, on the aséumption that its generating capacity (net)

would be equal to that of the Lebir Project.
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Table 14-6 shows the unit variable cost of the CCYW Project
calculated in different fuel costs. Shown in Table' 14-7 is the
ammual variable cost of the CCYW Project calculated. by using the
unit variable cost given in Table 14.6, assuming that its net

generation would be equal to that of the Lebir Project.

Tables 14-8 and 14-9 are the pfesént worth values of the net
benefit from the improved irrigation, calculated at various

discount rates. The values are calculated in both economie and

market prices. The detail of the calculation is as described in’

14.2.1.

Chapter 8. Shown in Table 14-10 is the annual net benefit from
the improved irrigation, calculated at varidus discount rates by

using the values given in Tables 14-8 and 14-9.

Economic Analysis

The economic analysis is made by comparing the cost for the
Lebir Project with the cost for the alternmative power source

‘both in generating capacity and energy output.

The Lebir Project has a side effect én the mitigation of damage
to property through the flood contrel. It also has a side
effect on the increase in agricultural yields threugh the
improved irrigation. Therefore, the amount equivalent to the

benefit from such effects must be deductéd from the cost.

Tables 14-11 (1) and 14-11 (2) show the annual levelized fixed
cost of the Lebir Project given in Table 14-3 less the annual

benefits from the flood control and:the improved irrigation.

Tabulated in Tables 14-12 (1) and 14-12 (2) ‘are the annual
levelized fixed and variable costs of the CCYW Project
calculated at wvarious discount..ratés and iﬁ differént fuel
costs, on the assumption that its_génerétihg capacity {net) and
annual generation {(net) would be equal to those of the Lebir

Project.



Plotted on Figs. 14~1, 14-2 (1), 14-2 {2), 14-3 (1) and 14-3
{(2) are the annual levelized fixed costs of the Lebir Project
with and without regard to benefits from the flood control and
the  improved irrigation on .all wvariation cases as given in
Tables 14-3, 14-11 (1) and 14-11 (2), compared with the annual
levelized fixed and variable costs of the CCYW Project on all
variation cases with the fuel cost set at M$3.53B/MBTU as given
in Table 14-12 (1).

The intersecting points of the Lebir and CCYW curves on the
abscissa (discount rates) in these Figures show the economic
internal rate of retucn {EIRR) of the Lebir Project. . Tabulated
in Table 14-13 are the EIRRs thus obtained.

Given below is a summary of Table 14-13 on the base case (no

change in the construction costs and the completion date):

Generating EIRR
Capacity Fuel Cost Generation Generation,
GCeneration and Flood Flood Control
(M) (M$/MBTU) only Control and Irrigation
‘ A B A B
- 267.6 3.538 - 6.7 10.0  11.7  11.8 13,2
267.6 . 1.5 - 9.5 12.3 13.9 13.6 14.8
267.6 .10.9 - 11,2 13.6 15.1 14.6 15.8
240.5 _ 3.538 6.0 9.0 - 10.7 11.1 12.4
240.5 7.5 ' . B.6 11,3 12.8 12.8 13.¢
8 14.9

240.5 10.0- 10.2 - 12.6 14.0 13,

Note: "AY" figures represent the EIRRs with the monetary
benefit from the flood control estimated to be
M$16.133 x 105 and "B". figures represents the EIRRs
with éhe monetary benefit from the flood control

estimated to be M$27.3 x 10°.
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14.2.2.

Financial Analysis

The financial -analysis is made by comﬁaring costs of powver

production with revenues from energy sales in the following

‘manner, when supplying electricity from the power sources

consisting of the Lebir Project and the then existing power
plant(s) to meet the energy requirements with an ammual load

factor of 68%:

Gross Generating Capcity (MW). : 267.6 240.5

Net Cenerating Capacity (MW) 1 265,46 238;58

{Gross capacity less station

use and forced outage)

Net Generation (GWh) : 1,581.3 1,421.2

Net Generation by Lebir Project : ~372.2 372.2
Additional Generation by Existing | _

Thermal Power Plant{s) (GWh) : 1,200.1 1,049.0
- Bnergy Sales (GWh) : 1,401.0 1,259.2
Revenués from Energy Sales (M$106): 311.86 280.30

The net generation given above is the energy output produced by
the ﬁower sources with a generating capacity equal to that of
the Lebir Project to meet the energy requifements with an
annual load factor of 68%. Since it is not possible to meet
the requirements by the Lebir Project alone, the gap must be
filled with generation by the then existing thermal power

plant(s).

Energy sales are obtained by deducting transmiSsion and

. distribution losses from the net generation.  Revenues from

energy sales are estimated by'applying.the average billing rate

per kWh.



Such revenues from energy sales are, as a matter of course, to
cover the variable cost to be spent for the additional
generation by the then existing thermal power plant(s). Such

variable cost is estimated as follows:

Gross Generating Capacity (MW): 267.6 240.5

Additional Generation by Existing '
Thermal Power Plant(s) (GWh): 1,200.1 1,049.0

Additional Variable Cost (M$106): 45,087 (A) 39.117 (A)
54.848 (B} 47.586 (B)

Note: {A) is calculated at the heat rate set at 2,413
Kcal/kWh.

(B) is calculated at- the heat rate set at 2,965
.Kcallkwh‘.

Tables 14-14 (1) and 14-14 (2) show the sum of the annual
levelized fixed cost of the Lebir Project as given in Table
14.3 and the annual variable cost for the additional generation

as given above, on all variation cases by discount rate.

The revenues from.energy sales given in the above table are
higher than the costs of any variation cases in Tables 14-14
(1) and 14-14 (2). This indicates that the development of the
" Lebir Project may be well justifiable from the financial point
of view, even in an extreme éase where its construction cost is
overrun by 10Z, its generating output is derated by water
shortage, and the variable cost for additional generation by
thermal power plant(s} has to be calculated at a relatively

higher heat rate (lower thermal efficiency).

The fihancial internal rate of return (FIRR) of the Lebir
Project in this extreme case is estimated by interporation to
be 21.5 for the generating output of 267.6 MW and 20.1 for
240.5 MW.
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14.3,

Conclusion of Economic and Financial Analyses

‘The economic analysis indicates that the Lebir Project may

ptoduce an EIRR exceeding 104 against the alternative CCYW
Project, when its fuel cost is assumed to be  M$10/MRTU, but may
not produce a higher EIRR than 10Z, when the fuel cost is assumed
to be lower than M$7.5/MBTU. '

The development of the Lebir Project, however, may have effects
on the significant decrease in losses of properties Iin the
downstream basin through the control of floods, as well as on the
substantial increase in agricultural ‘vields through fhe

improvement of irrigation.

Taking such efifects into consideration, the'Prbject may produce
an BIRR exceeding 11%, even when the fuel cost of the alternative

CCYW Project is assumed to be M$3.538/MBTU.

Jt can therefore be concluded that the development. of the Lebir
Project is well justifiable from the standpoint of the national

interest.

The financial analysis indicates that the Lebir Project. may
produce a FIRR exceeding 207 even in the case of a 10% overrun of
its constructiOn.cost. Therefore, it can also be concluded that
the develépment of the Lebir Project may not be a factor to cause

the NEB's electricity rates to increase.
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Table 14-3 -Annﬂal-Leveiized%Fixed-COSt'of Lebir Project

Construction Cost (M% 10¢ /year)

Discount Rate(¥) ( 90 % ) (100%) (+6months) (110%)
6 - 46.652 51.319 52.698 55.98%
8 61.374 | 67.675 70.148 73.9717
10 | 78.040 86.193 90.173 94. 347
12 96. 563 106. 775 112. 729 116. 987
14 _ 116. 949 129.426 137. 874 141.4903
16 139. 267 194.224 fﬁS.?&B 169,181

 18 163.633 .181.297 196. 537 198. 961

20 7 | 590.191 2&0.806 230. 482 231.421

Table 14-4 Anmuai Levelized Unit Fixed Cost of CCYW Project

construction Cost (M3/kW-vear)

Discount Rate(%) { 90 %) (100%) (110%)
6 140.679 154, 341 168,003
8 164. 199 180. 474 198. 750
10' 189.954.  209.091 228.228
12 217, 849 240. 086 262,322
14 - 247.783 .'273.346 298,908
16 ©219.656 308,760  337.860
18 313315 346,226 379076
20 | :3343.365 ©o. 385,654 422. 447
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Table 14-5 Annual Levelized Fixed Cost of CCYW Project Assuming Its
Generating Capacity is Fqual to that of Lebir Project

in case of 267.6 MW

- gonstruction Cost (M3 10 /vear)
piscount Rate(y) (90 %) (100%) (110%)

6 37. 345 40.972 44. 599
8 43. 589 47. 909 52,230
10  50.428 55.506 60. 586
12 57.831 63.734 §9.537
T 65.777 - 72.563 79. 349
16 74.238  81.964 89,690
18 83. 190 91.910  100.631

20 92.609 102. 377 112.144 -

In Case of 240.5 M¥ :

 Construction Cost (H$ 10° /vear)
Discount Rate(%) {90 %) (100%) {110%)

6 33. 563 36.823 40.082
8 39.175 - 43.087 46. 941
10 45. 319 49,985 00,851
12 51.974  57.280 62, 585
14 b0.116 6215 - 70313
16 66.720 73,664 80. 607
" 74765 82.602 . 90.440

20 83. 231 92,009 100. 787
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Tablé 14-6 Unit Variabie Cost of CCYW Project

FueilPrice Fuetl Cost Variable 08H Cost Total bnit Cost
(M$/MBTU ) (M3/Muh) _ {H8/MHh) { MS/Mih)
3.538 35.290 2.0 37.290
5.0 49,873 2.0 51.873
s 74.809 | 2.0 76.809
0.0 99, 745 | 2.9 101. 789

Table 14-7 Annual Variable Cost of CCYW Project Assuming Its
Net Generation is Equal to that of Lebir Project

fuel Price Total Unit Cost Annual Variable Cost
(H$/HBTU ) - ( H8/MKh) (M3 _10° /year)
3.538 _ 37.290 13.878
5.0 51,873 19,305
7.9 76. 809 28.585
10. 0 101,745 37. 865
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Table 14-8  Present Worth Value of Benefit from [Wproved Irrigation
(Calculated in the Economic Price)
(H$ 10¢ )
Discount Rate puoicoy cost 08M Cost NEPIACEROML  pororit  Net Benefit
6 116,129 40.059  2.874 517. 3450 358. 288
8 110, 91 29. 669 1. 761 371, 429 229.008
10 106. 719 22,429 1. 098 278.913 148. 667
12 103. 199 17, 987 0. 696 217. 199 9. 717
14 100. 333 14. 204 0. 448 174,200 59. 215
16 98. 043 11. 753 0.292 143. 115 30. 027
18 96. 261 9.922 0. 193 119,937 13, 561
20 102.200  A1.375

94.929

8.517

0.128

Table 14-9 Present Worth value of Benefit from Improved Irrigation
“{Calculated in Market Price)

(H$ 10° )

Discount Rale puoioct cost 08M Cost REPIACemSNt porociv et Benefit

(%} Cost

6 134. 114 51,318 2,941 §51.474 362,501

8 128. 752 37,082 1802 395,477 227.841

10 123.795 28.033 1,124 296.571  143.819

12 119. 719 21,90 0.712 230,509 88.197

14 116. 385 17755 0,458 184,637 50. 041
16 113.729 14.689  0.299 151,418 29701

18 111,661 12,400 0.198 126. 655 2.396
20 110, 147 10,644 0.132 07,712 A13.181
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Table 14-10  Annual Levelized Net Benefit from Improved Irrigation

(3 10¢ /vear)

Discount Rate Calculated in Caiculated in
(2%) . Economic_Price © Market Price
B 273 22.999
8 18. 720 18.624
.1.0 14,994 | 14, 485
12 _ 11.526_ 10.620
14 T 8 302 1. 016
16 4,807 3.634_'
18 . 2. 442 0.431°
20 A0, 275 A2 636

Note : The Figures are levelized over 50 Years from 1999 to 2048.
“The independent internal rate of réturn of the irrigation
project can he obtained from these figures das follows ;

EIRR = 19.8 %
FIRR = 18.3 %
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Annua! Levelized Cost { M3$ 10% Year)

Fig. 14 -1 Annuol . Levelized Cost of Lebir Project withowt Regard
to Benefit from Flood Control and Improved Irrigation
{ Generating Capacity 267.6 MW )
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Annual Levelized Cost | M$ 108/ Year }

Figl4-2() Annudl Levelized Cost of Lebir Project
Less Beneflt' from. Flood Control
('Genem[ng Capaclty @ 267.6 MW
Benefit from Flood Controi : M$ 16133 x 106
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Annual Levelized Cost | M$ 108/Year )

Flgi4-2 (2) Annual Levelized Cost of Lebir Project
' Less Benefit from Flood Control
___(Geh’eroﬂng'jCcpacity 1 2676 MW )
Benefit from Flood Control : M$ 27.3x106
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Fig.14-3(1) Annudl Levelized Cost of Leblr Project
Less Benefit from Flood Confrol and Improved Irrigation
Generating Capacity : 267.6 MW . )
Benefit from Flood Control : M$ 16133x 106
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Fig. 14-4 Sum of Annual Levelized Fixed Cost of Lebir Project
and Annucl Variable Cost for Additlonal Generation

by Existing Thermal Power Plants
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