2.4,

Project Implementation Programme

(1) As discussed in the foregoing Sections, if the problems

associated with the submerged agricultural plantations in the

upstream area are settled successfully, this Project should

be developed sinee there are no other major detrimental

environmental impacts, and the economic status is sound. 1In

line with this policy, the implementation programme for the

project is described hereunder,

(2) This feasibility grade design is supported by the results of

the following field investigations.

{(a) Topographical survey

Reservoir area : Aerophoto maps of 1979 with a scale of

1/10,000

covering an area of about

346 km~ {28 sheets)

Main dam, spillway, diversion tunnels,

waterways and powerhouse:

Saddle dams I and 11:

Quarry site:

"River cross section in the
downstream river channel
below the dam: '

‘Datum point survey for
main and Saddle dam
sites, and gquarry site:

Surveyed maps of 1987 with a
scale of 1/5002 covering an
area of 1.9 km” (30 sheets)

Surveyed maps of 1987 with a
scale of 1]5002 covering an
area of 0.4 km” (8 sheets)

SBurveyed maps of 1987 with a

scale of 1/500, covering an
area of 0.9 km” (17 sheets)

Cross section profiles of

1987 with a vertical scale of

1/100 and a horizontal secale
of 1/500 covering the river
course for about 30 km (30
sections)

Datum points (8 ‘points)
installed in 1987



(b) Boring investigation (1987)

Main dam : 3 holes, 190 m
Spillway : 3 holes, 130 m
Powerhoﬁse H _1 hole,. 20 m
Séddle dam 1 1+ 4 holes, 160 m
‘Saddle dam 1T ¢ 2 holes, 55m
Quarry site : 4 holes, .}60 m
Borrow area :+ 2 holes, 40 m
(granitic) :

Reregulating pondage: 3 holes, 30 m

Total : 22 holes, 785 m -

(¢) Seismic prospecting (1987)

Main.daml' e .3 lines, 1,621 m
Saddle dam T : 1 line, 506 m
Quarry site : 3 lines, 2,109 m

Total s 7 lines, 4;236 m

{d) Laboratory test
Rock material tests : Uniaxial test (18 samples)
| Stability test (3 samples)
Soil material tests : Graﬂitic'matefial {7 samples)
Conglomeratic material (1 sample)

Tuffaceous sand stone material
(5 samples)

Sediment material (3 samples)

Total : 16 samples



(3)

(4)

(5)

The field investigations detailed above -are considered.
appropriate for the level of feasibility design, however,
further fleld investipation as given below will be required

for the detail design stage.

{a) Topographic survey

Preparation of aerialphotogrametric

map (S=1/10,000) : 410 km’
Preparation of survey map 9
{5=1/500) : 1.0 km
Route survey of transmission line + 7 km

(b) - Boring investigation : 104 holes, 4,300 m

(c) Geological investigation by adits: 7 adits, 360 m

(d) Laboratory;.teéting of materialsV: rock, soil materials,
' concrete and water

(e) Hydraulic model test : Spillway (1 uﬁit)
Power intake (1 unit)

Field investigation will also be required for the design of

preparatory works to be carried out by others. These works

are:
(a) Acoess road ' ' : 3 km
(b) Relocation of timber transportation road : 8 km

(c) Power transmission line for construction use: 66 km
(d) Owner's base camp facilities: 2,500 m? (Building only)

(e) Telecommunication facility + 1 wnit

For "the ”investigation, planning, design and training

associated with the environmental measures, the following'

“items will be regquired to be carried out:



(a)

(»

{c)
{d)
(e)

'(f)

(g)
{n

(1)
[&D)

(k)
(1)

(m)

Suspension  of the development of agricultural
plantations within the proposed reservoir area, and the
jnvestigation of the alternative candidate sites for
such plantations. Implementation of the relocation

programne.

Development of an aquacuiture induétry and implementa-

tion of a pilot project.

T?aining for environmental measures.

Detail field investigation for fauna and flora.

Glear felling of the forest within the imppundmeﬁt area.

Investigation and planning of the forest reserve for

preservation of the reservoir bank, and implementation

of afforstation.
Detailed field investigation of sedimentation.
Monitoring (water quality and public health).

Compensation for inundation. Establishment of

inventory and criteria for compensation rates,

Relocatién of the roads within the proposed reservoir

area.

Construction of a fish ladder.

Construction of re-regulating pondage.

Installation of hydrological telemetering and discharge

warning systems.

i
H
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{6) DNetail design is scheduled to be carried out within a 21
months - period hased on the concepts set out below. The
environmental measures should not however be limited to the
period of detail design. Some items will be completed during
the overall period up to Project completion, and others will

continue after this time.

Work Ttem Implemented by With assistance of
(a) TField investigation Local consultant Foreign consultant
{b) Detail design Ffor Foreign consultant Local consultant

the main works

(c) Preparation of the
tender documents for
the main works

(d) Prequalification. of
the tenderers for the
main works

{e) Design and prepara- Local consultant -
tion of the tender
documents for the
preparatory works

(f) Supervision of the Project owner Local consultant
preparatory works

(g) Environmental Poreign and local
measures ' consultants
The following summarises the engineering cost required for

the detail design (contingency exclusive).

Work Ttem Local Currency Foreign Currency  Total

10°M8 . 107w 10°M$

Field investigation 4,886 - _ 4,886
Detail design . 1,149 5,988 7,137
Total 6,05 5,088 12,023



{(7) Tendering for the main works will .be -by International

(8)

(9)

(10)

Competitive Bidding, followihg the prequalification of
tenderers. A programme time of 19 months has been allowed
from the time of issue of tender documents to the signing of
the Contract.

Tender period 3 months

Pender evaluation and determination 9 months
of the successful tenderer

Contract negotiation 7 months

Total . _ 19 months

Preparation of the construction drawings for the main works

- will be commenced immediately after tender opening, and is

ﬁlanned to be completed within 16 months.

The estimated gquantities of the major items of the main work

are tabulated as below:

Bxcavation, common 5.3 % 106m3
Excavation, rock 1.5 x 105m3
Embankﬁent, rock . 8.0 x lbﬁm3
Embankment, earth 1.4 x 106m3
Excavation, tuﬁnel 240 % 103m3
Explosive material 2,500 tons
Concrete | © 300 x 103m3
Cement - 136 % 10> tons
Re-bar 12,800 tons

Me{al work ' 3,100 tons

The construction period necessary for completion of the main

works is estimated to be 50 months.

The schedile from the commencement of detail des1gn to the

completlon of construction works is as follows'



{(a) Detail design _ 21 months

{b) Tender and contract 19 months
(¢) Construction supervision 50 months
Total _ 90 months

Note: 1. Construction supervision includes:

(a) Civil construction up to Completion

~(b) FErection and commissioning of plant

It does not include supervision of civil or
electro-mechanical work during Maintenance periods
{(i.e. following Completion and following Taking-

Over).

2, Some additional provision will be necessary to
 cover engiheering supervision during the
Maintenance period following final civil works
completion, and similarly for eleetro-mechanical

works,

The total engineering cost (without contingency) required
preparation for construction, erection and commissioning
supervision {including the services for construction drawings
and during the tender and contract periods) is given below.
The construction supervision is planned to be carried out by

the foreign consultant in association with the loecal

consultant.

MWork Ttem Local Currency Foreign Currency Total
10°M8 1073 1078

Construction 6,651 32,182 38,833

‘supervision ' ' '

(Excluding Contingencies)

N
i
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Pable 1

Main Features of the Lebir Dam (Multi-purpose)

Location :
River :

Location of the main dam:

Riverbed Elevation %

Hydrological Data :

Reservoir:

Ttems

Ulu Kelantan District, Xelantan State
Lebir River, of the Kelantan River System

37 km upstream of Kuala Kerai where the Lebir
River joins the Galas River, i.e. 3 km
upstream of Tualang Bridge (Gua Musang-Kuala
Kerai Highway).

EL. 24.0 m

Drainage area 2,474 km2

“112.6 m3!s (average of
1950 to 1984) ’

Anmual mean flow

Minimum flow (April, - dry segson)
'51.1 w /s (average of
1950 to 1984)

Maximum flood recorded 4,200 m3/s (1967)

Design flood discharge of 3
the dam (10,000 year return) 10,600 m /s
50 year return flood 5,260 m>/s

Annual precipitation in

the catchment_area 2,250 mm

Water Level Ressrved Capacity Submerged Area

Design flood water level
Surcharge water level

High water level for
generation

‘Low water level for
generation

Emergency low water level

Design silt level

(EL, m) - (10%°> (kn?)
88.1 3,655 226
84.9 3,276 195
80.0 2,392 154
60.0 502 46
50.0 167 | 21
47.0 117 | 15
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Geology: Uam foundation

Quarry site

Inundation

Compensation for

Resettlement

Environmental

Countermeasures

-

- Tuff, tuffaceous sand stone and

conglomerate
-  Tuff
Maximum arsa submerged 22,600 ha
(WL 88.1 m)
Forest 7,900 ha

Agricultural plantation 14,700 ha
People to be relocated 4,694 persons

Lebitr riverine settlers 500 persons
(100 households)

Settlers in the land
development area

4,050 persons
{675 households)

Orang Asli 144 persons
Agricultural plantation 10,000 ha
Lebir riverine settlement 809 ha
Orang Asli settlement 22 ha

POpulation-to be relocated 4,694 persons

(775 households)
Relocation road 75 km
Installation of hydrological

telemetering and discharge
warning system 1 set

'Re-regulating pondage

Dam height ' 5.4 m

~Elevation of overflow sill FEL.25.4 m

3

Reserved capacity 870,000 m

Fish ladder (tentative plan) 750 m

Forest reserve for preservation

of the reservoir bank erosion
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Power Scheme :

High water level (HWL)
Low water level (LWL}

Effective depth and storage
for power generation

Tailrace water level
(tailrace channel end)

Maximum gross head
Maximum effective head
Firm/peak water discharge

Internal diameter, length and
number of pressure tunnels

Turbines

Generators

Voltage and length of the related
transmission line

Annual possible generation
Maximum output

Arnual mean maximum output
(Average of 35 years)

Annual mean inflow .

Specific cost for power facilities.

Annual mean benefit
(1987 price)

Flood Control Scheme :

Crest elevation of dam

Design flood discharge
{10,000 year return)

-

-t

e

.
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EL.80.900 m

FL.6G.00 m

20 m, 1,890 x 106m3 {211 Guh,
amount converted in terms of
energy)

EL.ZB.OO m

52,00 m

49.66 m

80/640 m>/s

8.6 m, 202.8 m x 2 lines

Vertical shaft Kaplan (125

“rpm), 2 units x 136,800 kW

Maximum.discharge of 640 m3/s
320 m /s x 2 units

A three-phase, synchronous
and enclosed type with a
vertical shaft and damper
windings, 2 units x 149,000
kVA

275 kV and 7 km

'373.3 GWh

267.6 MW

240.5 MW

112.6 m°/s (396 GWh, amount
converted in terms of energy)

262.2 x 1003

' H$63.8 x 108

EL.92.0'm

10,600 m°/s



Design flood water level : EL.88.1 m

Base flood discharge 9

{50 year return) : 5,250 n' /s

Surcharge water level : BEL.84.9m

(in case of 50 year flood)

Peak discharge _ ¢ 2,950 m3/s

Maximum flood dlscharge in the 3

past (1967) 4,200 m /s

High water level for generation : EL.B0.O0 m

Flood control capacity 6 3
EL.84.9 - EL.80 : 884 x 19 Mg o
EL.88.1 - EL.80 : 1,563 x 10'm

Type of spillway '+ Pree overflow chute type
Overflow gill elevation : EL.80.0m
Overflow sill width : 150.0m

Flood mitigation benefit
(2000 level, 1987 price) : 16.98 x 1
: 27.3 x 10 F$ (Basin~W1de
Study base)

Agricultural Irrigétiun Scheme:

Possible irrigable area _ 65,326 ha
(including the existing areas
and the new projects)

¥Yater requirements based on the existing
programme {excluding the regulation by
the Lebir dam)

Irrigation water éuply. ' a0 m3fs
Domestic and industrial water supply 20(5) m3/s
Residual flow for saline abatement i 30 m3ls
Total 190 (175) m°/s

Fipures in brackets are extracted fr@n
Kemasin-Semarak Study

10 year draught discharge at Guillemard Bridge 95 m3/s
Daily firm rate of discharge of the Lebir dam? 80 m3ls

Emergency discharge of the Lebir dam** 335,z 10%°

(50 /s x 77 days)

Speéific cost for irrigation facilities 4$160.4 x 106
(1986 price)
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Net agricultural benefit (Case 5) on the M$15.0 x 106
annual average (Fconomic price of 1899 to 2049)

* At times when the discharge is made at 640 msls over a period of
3 to 4 hours ({after reservation of flow in the reservoir is
made), the corresponding flow at the pumping station for
irrigation 90 km downﬁtream will still vremain in the allowable
range of 70 to 80 m'/s, due to the modulating effect of the
river course. (Refer to Secticen 11.12.1.)

**%  PEmergency discharge of 45 to 80 mBIs up to 335 x 1061113 reserved
between IWL 60 m and WL 50 m is  possible through the bottom
cutlet (inlet sill level of EL.50 m).

Main Dam :
Type "¢ Rockfill with center eaftﬁ core .
Crest elevation _ i EL.92 m
Dam height f : 73 m

-

Crest length 638 m

Slope of the upstream.face

e

1 ¢ 1.85 (EL.59 m with a berm width

of 12.5 m)

Slope of the downstream face: 1} : 1.75 (EL.40 m with a berm width
16,0 m)

Bottom length of the dam : 265 m

Bottom elevation of the.dam ¢ EBEL.15.0m

Toundation rock ' '; Green and purple tuff .

Dan volume : 2,900,000 m3 (including 392,000 m3'

" of core)
Saddle Dam I

Type | : Rockfill with center earth core

Crest.elevation 1 FEL.92.0 m

Dam height i 67 n

Crest length 1 448 m -
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Slope of the upstream face : 1 : 1.85 (KL.59 m with a berm width
of 10 m)

Slope of the downstream face: "1 : 1,75
Rottom length of the dam : 218 m

Bottom elevation of the dam : EBL.25.0 m

Foundation rock ; Tuffaceous sand stone and
conglomerate

Dam volume + 1,532,000 m3 (including 261,000'm3
of core)

Saddle Dam II

Tvpe ' : Barthfill

Crest elevation | : EL.92.0 m

Dam height : 3 m

Slope of the upstream face : 1 : 3,5 (EL.67 m with a berm width

of 10 m)
Slope of the downstream face; 1 : 3.0
Foundation rock : Weathered tuff, tuffaceous sénd stone
~and intrusion meta-dacites

Dam volume ;742,000 m> (including 89,000 m> of

core)
Spillway:

Type o :  Ungated concrete free overflow chute

type
~ Overflow sill elevation : EL.B0.0 {IM], for generation)

Overflow éill width : 150 m |

Length of chute : 270 m (Overflow weir to bucket)

Chute width ¢ 95.0m

Stilling basin : Bucket type (upper level of EL.29 m
' : and lower level of EL.26 m)
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Design flood discharge

-

10,600 m>/s (10,000 year return

flood)
\ . 3
Spillway capacity : 6,400 m /s
Concrete volume + 122,000 m3
Diversion Tunnel :
Type :  Tunnel
Planned flood discharge : 5,260 m3/s
" Section +  Circular reinforcing concrete
Inside dia. 12.0 m x 2 lines
Length ' : 585 m (No.l Tunnel) and
576 m {No.2 Tunnel)
Intake sill elevation : EL.29.0 m
Outlet sill elevation : EL.26,0m
Slope & 0.51% (No.l Tunnel) and
: " 0.52% (No.2 Tunnel)
Discharge capacity ;3,250 mB/s (WL.58.3 m)
Geology _ R Green tuff
Concrete volume o ;. 80,000 m3

Bottom ODutlet :

Location : Inside the diversion funnel No.l

Type/diamcter : Jet flﬁw gate type, diameter of 2.0 m

Intake level ot BL.50.0 m

Disbharge capacity ' : :MAXimﬁm 8&.0m3ls and Minimin 46.0m3/s
at WL 50 m

Power Intake

Type : Side intake (Ineclined typé)/Gate
shaft '
Intake volume ' Y 320:m3/s pef'éaté
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No. of intake r 2
Intake sill level : FEL.48.0 m
Size of intake portal : Width 15.0 to 13.3 nm
Height 1.6 m
Gate shaft : Upper level F..92.0 m
: Inside dia. 12.0 m

Gate Two main gates

8.6 m wide x 8.6 m high

Two maintenance gates
8.6 m wide x 8.6 m high

Concrete volume : 12,000 m3
Pressure Tunnel :
Type : Circular reinforced concrete tunnel

(partially embedded steel penstock)
No. of tunnels - T 2

Inside diameter 8.6mto 7.4 m

Length : 196.8 m (No.1) and 208.8 m (No.2)
Steel weight '+ 920 ton
‘Concrete volume : §,000 m3

Powerhouse :

Type :  Above ground type
Size | t 20'm wide, 73 m long and 59 m high
¥oundation level R BL.45.0 @
Turbine center level : BL.Z21.1 m
Tailrace yard water level H 'EL.28378 m- (Maximum discharge of
- 640 m°fs)
Lowest foundation 1e§el :° FL.3.0 m
Foundation rock : .Green tuff



Vertical shaft Kaplan (125 rpm),
2 units x 136,800 k¥

"

Turbine

Maxi discharge of 640 n3/s
320 m /s x 2 units

ar

A three-phase, synchronous and
enclosed type with a vertical shaft

and damper windings, 2 units x
149,000 KVA '

Generator

Main transformer : Quitdoor type transformer 275 kV,
149,000 kVA % 2 units

74,000 m>

Concrete volume

Tailrace :

Type : Open type waterway, rectangular
gsection with a concrete lining

Length' H Tailrace bay 40 m, tailrace channel
499 m

Width :  Invert width of 20.0 n.énd sidewall
gradient of 1 : 1

Tailrace end level : EL.21.0m

Waterway slope : 1/3,000

Water depth : 7.0 m (Maximum discharge of 640 m3ls)

Concrete volume : 12,000 m3

Switchyard :
Type Outdcor type

Groumd level

EL.533.0m

Size of switchyard "89 m wide x 124 m long

Voltage : 275 kv
Bus configuration t Double bus
No. of outgoing circuits : 4 circuits



Asgociated Transmission Line :

Voltage : 275 kV
No. of circunits : Double circuit
Total length ' + 71 km

Project Cost :

x106M$
Preparvatory work 13.4
Civil work 251.5
Matal work 21.6
Electro-mechanical work 148.9
fnvironment 134.8
Detailed design | "13.2
Construction supervision A2.7
Owner's administration 14.0
Total 640.1 (including contingency)
Local cést ' ' M$ 325.2 million
Foreign cost . M$ 314.9 million
Economic Feasibilify :
 EIRR FIRR
4 %
Powet : 8.6 (below 6) 20
Power + Flood Control 12.8 (10.7) -

Power + Flood Control
+ Agricultural Trrigation 13.9 (12.4) -

Dam constfuction cost per m3 of the reserved . 3
capacity : M$0.10/m

Figurés in brackets of EIRR are the calculation results using the
alternative fuel cost of NEB purchase base.
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3.

3.

3.

3.

Packground of the Project

1.

1.1,

1.2.

Topography and Ceolopy of the Project Area

Topography

‘Peninsular Malaysia forms the continuation of two backbone

mountain ranges extending from nerth-northwest - to south-

southeast, and has long and narrow lowlands between and on both

_sides of the mountain ranges, as shown in Fig.3-1,

" The western mountain range has 2,000 m class peaks of which G.

Korbu (2,183 m) is the highest, while the eastern mountain range
has lower peaks with altitudes of 1,000 m to 1,500 m. G. Mandi
Angin (1,459 m) is the highest of these.

“The oval-shaped central lowland, 1is between the backbone

mountain ranges, - and extends for some 150 km from Gua Musang,
the southern-most tip with a width of some 40 km in the widest
zone. The Lebir River is one of the largest rivers in the
northeastern fegion of the Peninsula, running almost directly
towards a north-northwest direction along the western edge of

the eastern mountain range.

The Lebir River joins the Galas River (The Nenggiri River on the
upper reaches) at Kuala Kerai, to create the Kelantan River,
which flows into the ‘South.China Sea at Kota Bharu. The

catchment area at the proposed dam site is 2,474 kmz.

Geology

According to the available geological data, general geological
distributions and structures of Peninsular Malaysia are as shown

inZFing—Z.

(W]
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The dominant geological trend of the Peninsula is from
north-northwest to south-southeast, and is the same as the

topographical trend,

Mountain ranges 'in the Peninsula consist mainly of = granite,
which intruded several times into sedimentary rocks and
pyroclastic rocks of the Mesozoic and Palaezoic during many
periods from late Cretaceous to early Tertiary. ~Lowlands in the
Peninsula, on the other hand, -are comprised chiefly of
sedimentary rock groups, . pyroclastic rock groups ‘and lave
groups, which are believed to be of the Palaeozoic Permian
through the Mesozoic Jurassic, ~ Rock groups of the Quarternary

are widely found along the coast line of the Peninsula.

Sedimentary rocks consist mainly of sands, guartzose sandstones,
shales and conglomerates which are alternately interbedded.
Pyroclastic rocks_consist-predominantly of tuffs, tuff breccias
apd lapilli tuffs.  In addition, limestones and acidic and
intermediate lavas exist locally. OGranite groups consist mainly

of granite and granodiorites.

3.2. MHeteorological and derolggical Conditions in the Project Area

3.2.1.

Meteorological Conditions

Mortheast and - southwest  monscons greatly ' affect weather

conditions in Kelantan State.

Peninsular Malaysia has four seasons in a year, two monsoon
seasons, and two intermediate seasons in between. Climatic
phenomena,  such as temperature, humidity, sunshine, rainfall,

ete. vary according to the seasons.

Generally, the southwest monsoon ssason starts from late May or
early June and ends in September. After a further two months,

the northeast monsoon season starts from late October oxr early



November and ends in March. After another two months, the

southwest monsocon season starts apain.

During the northeast monscon season of October through March,
the temperature is relatively low in general with less szunshine
and much rainfall on the east coast of Peninsular Malaysia,
including Kelantan State. Changes in temperature are not so
distinct. TIn contrast, climatic conditions in the southwest

monsoon season normally show a reverse trend.

According to the observation records taken from 1968 to 1972,
the ammual mean temperature at Kota Bharu is 26.9°C. The
maxXimum mean temperature is 28.1°C in Hay and minimum mean
temperatufé is 25.9°C in January. The difference between the
maximum mean temperature and the minimum mean temperature is
only 2.2°C. There 1is not a great variation in temperature
throughout the yeéar. The - daily change in temperature is
relatively large, however and the minimum temperature being
about 24°C-at arcund 6 o'clock in the morning, and the maximum
temperature of about. 30°C is reached at around 1 o'clock in the
afternoon. The mean temperature difference between the maximum
and minimum exceeds 6°C. In a period of five years from 1968 to
1972, fhe highest temperature recorded was 36.7°C and the lowest
" temperature 18.3°C. .The mean relative humidity during the same
-5 years is a high value of 80.7%. Every year, the minimum
relative humidity "is 79,1%Z in March and the maximum relative
humidity is 82.27 in November. The difference in relative
humidity between the maximum and the minimum was only 3%Z. There
is -a  greater daily wvariation than seaseonal relative humidity
variation. As with the change in temperature, the maximum
relative humidity is ébout 947 around 6 o'clock in the morning
and the minimum is about 68% from the noon time to 1 o'clock in

the afteirnoon; thus there is a variation of 26%.

[}
[~



3.2.2.

The "daily mean sunshine per year is 7.03 hours; the shortest
time is less than 5 hours in November and December, and the
longest time 8.7 hours is in the intermonscon season of March
and April. 1In this connection, statistics indicate that there
are 182 days of rainfall a year, which means rain every 2 days.
There seems no remarkable correlation between the seasons and
rainy days. The mean values show;that there is. little seasonal

variation in rainy days.

Precipitation

The east coast of Peninsular Malaysia, including Kelantan State,
has plentiful rainfall. Generally, there is an annual mean
rainfall of about 3,505 mm on the coastal area and several

kilometers inland of the sea coast. However, the annual mean

‘rainfall decreases further ﬁnland; reaching about 2,540 mm on

the eastern foot of the Central Mountain Range.

The observation record from 1950 to 1975 indicates ‘that the
Lebir River Basin belongs to a zone of less rainfail in the
Kelantan River Basin. The annual precipitationiis in' the range -
of 2,000 mm to_2,250 mm. This is duve to the blocking of the

northeast monsoon by the coastal mountain range east of the

"Lebir River Basin. In the monscon season, from -November to-

March, precipitation on the coastal plain east of the mountain
range is nearly 2,000 mm..  The precipitation in the Lebir River

Basin, however, is only about 1,000 mm.

Fig. 3-3 shews mean monthly rainfalls recorded at typical
rainfall gauging stations in the tributaries ‘of the Kelantan
River. Rainfall patterns.can be classified into three types;
the rainfall pattern as- recorded at Gua Musang and Bertang on
the upper teaches, the 2ad rainfall pattern’at Dabong,; Bongor
and Lalok on the Middle reabhes, and the third type at Kota

Bharu on the coast.



3.3.

3.3.1.

In Kota Bharﬁ,-précipitation is greatest during the northeast
monsoon season from October to January, and is very low in other

seasons. The least precipitation occurs in ¥ebruary, increasing

'gradually until theé next season of the northeast monsoon. TIn

contrast, the precipitétioﬁ at Lalok in December, during the
northeast monsoon, is much higher than in other months, and it
comes down to a minimum in February. This rainfall pattern is
similar to that of the coastal area. The precipitation pattern
at Lalok shows the same characteristics as at Gua Musang, in

that there is one peak in May and another in September.

A diagram showing isohyets for December 1983, December 1984, and
November 1986, when there were floods, was prepared by DID as

shown on Fig.3-4 to 3-6.- According to the figures, precipita-

tion is observed heaviest in Kota Bharu, located at the mouth of

the 'Kelantan River. These figures also show that the Lebir

River basin has more precipitation than the Calas River basin.

Blectrical Power Situation in Malaysia

Qutline

The share “6f'=eleétric1ty; gas and water sales in the gross
domestic products (G.D.P.} in Malaysia has risen from 1.4% p.a.
to 1.7% p.a. dhring.the period from 1980 to 1985, as shown in
Table 3-1. It is expected to reach 2Z p.a. in 1990,

The average annualiﬁbefh-rate of G.D.P. in Malaysia is shown in

‘Table 3-2, ‘and those for elec¢tricity, gas and water sales are in

Table 3-3.

Using the above figures;'elésticity values of electricity, gas

. and watér sales towaid G.D.P. were calculéted, and are shown in

Table 3-4, As can be clearly seen from Tables 3-2, 3-3 and 3-4,
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the growth rate of electricity, gas and water sales has been

proven sound, irrespective of the sconomic growth.

On Table 3-5 the actual records of energy demand by source in
1980 and 1985 are shown and the amount needed for 1990 forecast.
The power sector occupied a share of 9.3% of the total enevgy
every year from 1980 to 1985 in terms of a converted caloric
value. Tt is further expected to rise to 9.8%7 in 1990. Conse-
quently, an average annual growth rate of the whole energy
demand during a period from 1985 to 1990 is estimated to be 7%,
and that for electricify is most likely to be 8.3%. This

constitutes a definite tendency of "Shift to Electricity".

Table 3-6 shows the primary supply of energy by source. Crude
oil still occupies a_rather_high share, but its growth rate is
predicted as nil. Instead of crude oil, petro-products, natural
gas and coal/coke are expected to show a sharp growth rate. The
hydro sector {not neceésarily limited to poﬁer generation) is

expected to show a small growth rate.

Power Demand Forecast and Power Revenue

Table 3-7 shows the actual NEB records of the number of.poﬁer
consumers and energy sold by the type. of use during the period
from 1981 to 1985. In this table, it is found that the
industrial sector occupies the biggest-share of ali the energy

sold, followed by the commgrcial sector, and then domestic use.

This order was unchanged throughout the same period. However,

the average annual growth rate of all the energy seld remained
at 8.4%, because the industrial sector atilized energy at the
considerably low rate of 3.7%, although domestic use, the
commercial sector and the'mining seétor'répresented high.fates
of 14.7%, 11.4% and 10.27 respectively. Comparing the average
annual growth rate of the number of consumers with that of the

energy sold, it is found that while the basic units (energy



sold/number of consumers) for domestic use and the commercial
sector are increasing, the amount for the other sectors is
decreasing. The basic unit for all the energy sold shows a

decreasing tendency.

Table 3-8 shows the number of consumers, energy sold and power
revenue in 1985, under the jurisdiction of the NEB, classified
by area and type of consumers in terms of percentage. The
energy sold and power revenue show percentages in the twenties
in respeétive.areés, éxcept the eastern area where they are less
.than 10%Z. The largest share of power revenue is contributed by
the industrial sector, followed by the commerciél sector and
domestic use in third place, This is commensurate to the shares

of power sales mentioned above,

Tabie 3-9 shows a tabulation of changes in average powerrrevenue
by the type of consumers during the period from 1981 to 1985.
As far as the power tariff per unit sold in 1985 is concerned,
public use and 'lightihg are the most expéhsive' at 29.55
cents/kﬂh followed by the commercial sector of 24.86 cents/kWh,
and then by domestic uée. The industrial sector and the mining
sector, each use approximately 20 cents/kWh. The average tariff
per unii for 'all the energy sold in 1985 comes to 22.26
cenfs/kWh. The induStrial sector recorded the ﬁighest éverage
growth rate of the power tariff in the same period of 2.5%, and
‘domestic use recorded the lowest of 1.92.‘ An average rate for
the whole power revenue ‘accounts for 2.4Z, Considering the
consumer price index for the same period, the average growth
rafe of which was 3.5%, it may be said that the average power

tariff in real terms has been somewhat lowered.

Table 3-10 repreéents a system loaa forecast for the NER's
intégrated system. The folléﬁing show average annual growth
~rates of energy sold, generated energy, and the system peak load
aﬁd Ehanges iﬁ lﬁad faétors.dﬁfing the perio&s from 1986 to
1991, 1991 to 1996 and 1986 to 1996:
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By 19086/1991 1991/1996 - 1986/199%

Sales 7.1 Z 6.6 % 6.8 Z
Generation 7.3 % 6.7 % 7.0'%
System peak load 7.2 7 6.5 7% 5.9 %

Load factor +0.5 % +0.5 Z% +1.0 %

As shoun above, the average annual growth rate of the energy
sold, generated energy and the system peak load accounts for 7%
in the first 5 years, 6% in the second 5 years, and about 7%

throughout the entire period. Furthermore, comparing the growth

.rate of the energy sold with that of the energy generated, the

latter is found a little higher. This means an increase of the
total loss ratio of the power system. Likewise, the fact that a
grovth rate of the system peak load is found to be a little bit
less than that of the energy generated means a fise of the load

factor.

Power Supply Policy and Power Dévelbpment Program

Table 3-11 shows the generated energy by source recorded for
1980 and 1985, and forecasted fo;'1990 in terms of a converted
calorific value. The oil-fired thermal power plant which
occupied the biggest share in 1985 would be, to a great extent,
replaced by the géé—fired thermal powef 'plant in 1990, as
oil~to-gas fuel conversion would have been further promoted. - In
addition to this, it is plannéd to introduce the coal-fired
thermal power plant into the .ﬁower system in -an effort to
achieve fuel diversification. Hydropower-pléhts.are'planned to
be developed one by one,'to share some 20% of the total power
generation by 1990. The share of power generation from the
primary supply of energy .will grédually incfease, and is

expected to reach about 9X.

Table 3-12 shows the progress of rural'eléctrificaiioﬁ. It is

found here that the number of households and villages with



electricity‘accounts'for a higher growth rate of more than 107

for the period from 198} through 1985,

Table 3-13 shows records of the generated/purchased energy, sent
out ‘energy and enefgy sold during the period from 1981 through
1985. An average annual growth rate of respective energy
accounts for 8%, The station use rate is found at approximately

5%, and the transmission loss is approximately 10%.

Pable 3-14 represents an actual record of purchased energy, the
amount of which is found very small, Energy  purchased,
especially after 1983, has been descending to an amount of less
than 1.0Z of all the sent-out energy to becceme almost
negligiblé. '

Table 3-15 shows installed capacity by source, and the energy
.generated by source, recorded by NEB from 1981 through 1985,
together with relevant plant factors. The thermal power plant,
except for the combined.cycle, occupies about 407 of the total
installed capacity and about 60%Z of the total energy generated.
In each power plant, the thermal power plant accounts for the
largest value of 54.0%, followed by the gas-turbine with 34.17.
In view of this, it can be said that the thermal power plant
plays a vital role in the base load supply in the current NEB
power supply system.. Concerning the combined cycle which began
opeiation in December 1984, the plant factor accounts for a
_rather low value of ib.gz in 1985. However, taking the economic
characteriétics intb accouﬁt, the combined cycle will never fail

to play an importént role in the base load supply after 1996.

Table 3-16 exhibits an installed capacity by source and shares
of respective sources envisaged by NER for 1991. The installed
capacity of the gas'turbine accounts for.72 MW (1.5%) and that
. 6f the hydropower plant accounts for 1,284 MW (26.3%) including

9 - .q



the Piah new hydropower station. On the other hand, since the
fuel-conversion plan is being promoted for most of the existing
¢il-fired thermal plants, the number of conventional gas-fired
thermal plants will increase correspondingly. Consequently,'the
installed capacity of the oil-fired thermal plants will rapidly
decrease to 405 MW (8.3%). The total installed capacity of
gas-fired thermal power plants will be at 2,528 MW (51.7%),
including those converted from oil-fired and the combined eycle.
Furthermore, a coal-fired thermal power plant with a capacity of
600 MW (12.3%) is planned for development. The total installed
_capacity envisaged for 1991 will be 4,880 Mu.

Finally, tabulated below is a comparison of the-syétem peak load
and the installed capacity in 1991, and thereafter up to 1995

with no additional capacity installed.

_ System Peak . Installed Ratio

F/Y . Load (MW) Capacity (M4) _B/A
) (B -

1991 3,207 4,889 1.52
1992 3,440 1 1.42
1993 3,661 " 1.34
1994 © 3,895 u 1,26

1995 4,142 " 1.18

Considering_an allowance in the power load forecast, maintenance
outage, fqrced putage, unusual water shoftage;etc.,' reserve
margin is fequired to cope with the above'situation; Depending
to some extent upon the characteristics of the power.system, thé
ratio (B/A) is very roughly.éstiﬁated to be at 1.3% or over.
Therefore, some additional capacity should be.installed after

1994 at the latest;
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-~ Reference data

. The Fifth Malaysia Plan (1986 - 19%0)

. Statistical Bulletin'(year ending 31 August, 1985)
published by National Electricity Board of the States of
Malaya)
36th Annual Report (year ending 31 August, 1985)
published by National Electricity Board of the States of
Malaya)

Flood Damages in the Lower Reaches of the Kelantan River

- The northeast coast of Peninsular Malaysia, influvenced by monsoons

occurring from November through the following February in the
South China Sea, has abundant rainfall with an annual mean
precipitatiop of 2,700 mm. -Accordingly, the lower reaches of the
Kelantan River in Kelantan State _suffer from floods regularly
every year. The characteristics of this river basin are as

follows:

{1) The downstream river basin of the Kelantan River is in the

rainy region.

{2) Generally, there is much precipitation causing fTloods along

the east coast. This decreases further in the inland area.

(3) 1In the.upstream river basin of the Kelantan River, plantation
of 0il palm has in recent years been developed by FELDA and
KESEDAR, and the construction of the Kuala Kerai - Gua Musang
Higbway has been completed. This is thought to have caused
an increase in the sediment discharge into the river, which
in_tufn is a cause of sediment deposit at the Kelantan River

mouth.

Increased assets in furnishing the infrastructure also leads
to an increase in flood damage (including damage due to

landslides, etc.).



(4) Invndation is caused, not only by floods in the Kelantan
River, but also by floods in such minor rivers as the Golok
River, located on the border with Thailand, the Kemasin

River, and the Semerak River, which are on the east coast.

(5) The low level land from Machang to Kota Bharu is, in

‘particular, regularly ravaged by floods.

It is thought that the above characteristics of the Kelantan River
basin both bring about flood damage in the lower reaches of the

Kelantan River.

During periods of flooding, the trunk roads in the submerged area
are paralyzed. Traffic is cut off, and the activities of the
locél populace are severely disrupted by floods. People' are
forced to evacuate to, schools, temples, etc,, iﬁ.all parts of the

State.

Physical damage is - severe +to, among other things, crops (rice
crop, vegetables, fruit, rubber, tobacco, palm trees, coconuts,
etc,) due to inundation and flooding. Cattle and other animals
die, and public utilities, roads, bridges, irrigétion channels,
schoéls, hospitals, people's houses and buildings in general are
badly damaged. Railway lines, teléphdne and telecommunicatiaon
systems, power supply system, and water supply system, are also
damaged. Many people have also been carried away, and lost

because of flooding.

The heaviest flood recorded is thought to have occurred in 1927,

but there is no available data on the water level, etc.

The greatest flood since then occurred in January, 1967, and the
flooded area was extensive (about 1,700 kmz) as indicated in Fig.
3-8. The population-affected by this flood was 536,800 people,
‘which corresponded to B84%Z of the total population of Kelantan
State. About. 125,000 of the people ﬁere.forééd to evacuate their

homes, and death claimed a total of 38.
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Agriculture in the Downstréam Area of the Kelantan River

The total area of 15,042 km2 of Kelantan State can be
topegraphically divided inte the coastal region and the
hinterland. Most of the area is in the hinterland. The coastal
region represents 2,354 ka’ or 15.6 percent of the total, and the

hinterland covers 12,0688 km2 ot 84.4 percent.

Kelantan State has ten administrative districts. The seven
districts in the coastal region are Kota Bharu, Tumpat, Pasir Mas,
Bachok, Pasir Puteh, Machang and Tanah Merah. The hinterland
consists of the three districts of Kuala Kerai, Gua Musang and

Jeli.

The population in the State for 15 years from 1970 through 1985
has increased from 689,749 in 1970 to 1,026,298 in 1985, and the
rate of increase in the-last five years has been 2.8 percent,
which is more than the 2.6 percent of the rest of Peninsular
Malaysia. The population in the State occupies about 7.9 percent

of the total of Peninsular HMalaysia.

The 1985 population in the coastal region was 898,709 or 87.67 and
127,589 or 12.4% in the hinterland. '

The gfowth rates for the last 15 years were 146 7% in the coastal
region and 171 7 in the hinterland. The sccio-economic reasons
for the higher growth rate in the hinterland would be the
development of cropping acreage of o0il palm with the arable land

reclﬁmation_pblicy promoted by the Government, and the increased

mobility of the population-as a result of the construction of the

highway.

“The population of 898,70§ in the coastal region is broken down to

325,399 in Xota Bharu, 141,282 in Pasir Mas, 103,173 in Tumpat,

97,373 in Pasir Puteh and 88,736 in Bachok. Kota Bharu has the
largest population of the coastal region. According - to the 1980 .



Population Census, about 70 % of the population that immigrated
into Kota Bharu originated from the four districts of Pasir Mas,
Tumpat, Pasir Puteh and.Bachok. Conversely, according to the same
Census, about 60 percent of the population that immigrated into
Kuala Kerai and Ulu Kelantan originated from the four districts of
¥ota Bharu, Pasir Mas, Pasir Puteh and Bachok. The five districts

mentioned above are considered to be the areas chronically damaged

by flooding.

- The following table shows the trends of cropping areas from 1976

to 1984. F¥or these nine years, the cropped acreages of oil palm,
fruits and Virginia tobacco have increased, but-on the other hand,
of paddy, peanuts, water melon and short-term crops of chili, ete.

have all decreased.

- Trend of the Cropped Acreage -

_ Aunit: ha)
1976 ) - 1984
Coastal Hinter- Coastal Hinter-
Crop Region  land Total Retion  land “Total
Permanent Crops
'Rubber 71,493 46,209 117,702 67,616 48,532 116,148
Coconut 17,820 693 18,5173 17,0?6" 614 17,690
Oil-palm 4,953 6,579 11,532 9,669 27,471 37,140
Fruits 4,372 1,169 5,481 6,205 2,439 . 8,644
Others 1,127 58 1,185 524 198 722
Food Crops
Paddy 72,580 © 753 73,333 $ 20,432 573 721,005
Corn : 724 157, 881 577 .99 " 6786
Pineapple 574 - 64 638 526 109 635
‘Banana 1,283 1,092 2,375 1,392 1,348 2,740
Tapioca 545 51 596 213 22 . . 235
Vegetable 1,075 - 90 1,165 1,708 453 1,861
‘Groundnuts 2,785 164 2,949 659 _ 59 - 718
Watermelon 1,568 68 1,636 B24 52 876
Others 957 153 . 1,110 1,128 116 1,244
Short- Term Crops
‘Chili & Others 839 - 110 949 324 90 414
Virginia Tobacco 4,674 .- 83 4,727 6,846 - . 6,846
Others 108 9 117 360 - 360
Total 187,477 57,412 244,889 136,079 81,875 217,954

Source: SEPU, Kelantan '
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The total area  cropped in the coastal region of the S5tate has
decreased from 76.6 Z in 1976 to 62.5 % in 1984, Such a decrease
conld be attributable to a reduction in the acreage cropped with
paddy in the coastal region and an increase in the o0il palm
acreage in the hinterland. The main reasons for the decrease in
the cropped acreage of paddy in the coastal region are considered
to be: damages. from flooding, which has frequently occurred in
recent. years, a decline in the paddy growers' enthusiasm, due to
their anxiety about flooding, and an outgoing of farm labour to
gain non-farm income, leading to an increase in idle lands.

Naturally, there are other reasons.

A great proportion of the paddy fields in the coastal region
comprise 31,800 ha of the KADA Project Area, and 15,000 ha in the
Kemasin-Semerak Project Area. The FKADA Project has been
implemented under the Fourth and Fifth Malaysia Plan, which wasr

implemented since 1972,

The Kemasin-Semerak Project is to be implemented in the framework
of the Integrated Agricultural Development Project, IADP. Dufing
" the Fifth Malaysia Plan, Kemasin IADP is to be completed, and each
IADP of Semerak, Sg. Golok, Sg. NalfSg. Sokor will be started.

According to- the Fifth Halaysié Plan, GDP per capita in the
Kelantan Staté amounts to 1,740 M§ (1978 price). This value is
- only 46 Z of the average GDP per capita value in Malaysia. The
first industry's share in GDP in the Kelantan State decreased from
43 7 in 1980 to 39 % in 1985. As a greater part of GDP in the
agricultural sector  depends upon the production amount in the
coastal region, the revitalization of agricultural production

there will be a problem to be solved in the future.

" In particular, the ¥Fifth Malaysia Plan directs the future
 production of rice. FPuture production efforts will be

concentrated in the granary area. The preduction of paddy in the



existing paddy field outside these granary areas will be gradually
phased out and replaced by other more remunerative crops. Kemubu
and Kemasin-Semerak in Kelantan State are directed as the granary

area mentioned above.

Crop commercialization to be promoted in the existing paddy field
‘located in the non-granary area will contribute to the vitaliza-

tion of apricultural production in the coastal region.



Tablie 3 - 1

F.Y. 1980 1981 1982 1983 1984 1985 1986
GW* 640 689 721 798 860 988 1,513
Ghp* 44,702 AT7,790 50,456 53,636 57,706 59,344 75,599
Share .
of (%) 1.4 1.4 1.4 1.5 1.5 1.7 2.0
EGW
* Note : US$ x 106, 1878 Price Level
Reference : (A)
Extent : Nation-wide
Table 3 - 2 Average Annual Growth Rafe of GDP
Unit : %
From :
To ' 1980 1931 1982 1983 1934
1981 6.9 - - - -
1982 6.2 5.6 - - -
1983 6.3 5.9 - -
1884 6.6 6.5 6.9 7.6 -
1985 5.8 5.6 5.6 5.2 2.8
* Note

Share of Blectricity, Gas

and Water (EGW) Sales in GDP

Reference : (A)

Extent : Nation-wide
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T

1981
1982
1983
1984
1985

e 3 -3

rom
1

* Note

Reference :

Extent

Table 3 - 4

¥
To
1981
1982
1983
1884
1985

TOom

Average Annual Growth Rate of EGW

980

M0~ Dy
[l = N =

(8

1981 1982
4.6 -

7.6 10.7
8.9 11.5
9.4 11.3

: Nation-wide

Elasticity of FEGW toward GDP

980"

1980

* Note

Reference :

Fxtent

1.12
0.98
1.21.
1.30
1.57

(A)

: Nation-wide
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1981 1982
0.82 -
1.29 1.70
1.37 1.61
1.68 1.98

Unit ¢ 7%
1983 1984
11.5 -
11.3 11.0
Unit : Z
1983 1984
1.51 -
2.17 3.93



Table 3 - 5 Energy Demand by Source

Average
.Y, 1980 1985 1990 Growth Rate
I (%) P3 (%) PJ (2) (85/90)(7%)

Petroleum Products . 232.2 ( 69.6) 318.5 ( 66.8) 432.8 ( 64.7) 6.3

Electricity 30.9 ( 9.3) 44.0 ( 9.3) 65.8 ( 9.8) 8.3
.Coal.and Coke 0.9 ( 0.3) 18.1 ( 3.8) 39.0 ( 5.8) 16.6
Charcoal 8.8 ( 2.6) 8.5{( 1.8) 8.3 ( 1.2) A0.%
Gas : 0.9 ¢ 0.3) 11.6 ( 2.4) 18.4 ( 2.8) 9.7
Fuel Wood 33,4 (10,0) 37.6 ( 7.9) 57.2 ( 8.6) 8.8
Palm 0il Wastes 26.3 (. 7.9) 38.3 ( 8.0) 47.4 ( 7.1) 4.4
Total ‘ 333.4 (100.0) 476.7 (100.0) 668.9 (100.0) 7.0

* Note: PJ = Petrajoule = 1043 Joule

Reference : (A)

Extent : Nation-wide
Table 3 - 6 Primary Supply of Energy
Average
F.Y. 1980 1985 1990 Growth Rate
PI (%) PI (%) pI - (Z)  (85/90)(%)
Crude 0il 246.9 ( 55.1) 360.2  53.0) 360.2 { 41.7) 0

Petroleum Products 97.4 ( 21.8) 60.7 { 8.9) 102.0 ( 11.8) 10.9

Natural Gas 2.3 ( 0.5) 122.8 ( 18.1) 179.5 { 20.8) 7.9
Hydro Pover 6.2 ( 3.6) 19.4 ( 2.9) 20.7 ( 2.4) 1.3
Coal and Coke 2.2 ( 0.5) 19.3 ( 2.8) 74.9 (- 8.7) 31.2
' Charcoal 3.0 ( 0.7) - - - - -
Fuel Wood 53,5 ( 11.9) 58.9 ( 8.7) 78.0 { 9.0) 5.8

Palm 0il Mill Wastes 26.3 ( 5.9) 38.3 ( 5.6) 47.8 { 5.6) 4.5
Total © 447.8 (100.0) 679.6 (100.0) 863.1 (100.0) 4.9

#Note _
Reference : (A)

Extent : Nation-wide



Table 3 - 7 Number of Consumers and Energy So0ld by Category
Average
Growth
Rate
(81/83)
F.Y. 1981 1982 1983 1084 1985 (%)
No. of Consumers |
Domestic 1,180,866 1,316,127 1,548,599 1,687,594 1,832,406 11.6
Commercial _ 204,175 216,351 . 250,649 270,033 284,165 8.6
Industrial 2,993 2,962 4,175 4,041 4,274 9.3
Mining_ 61 58 538 485 434 63.3
Public & Lighting 2,033 2,149 2,820 3,009 3,397 13.7
Total 1,390,128 1,537,647 1,806,781 1,965,162 2,124,676 11.2
Sold Energy (GWh)
Domestic 1,301.6 1,457.0 1,804,1 2,000.2 -2,249.2 14.7
Commercial 2,333.1 2,517.6 2,876.7 3,165ﬁ6 3,580.7 11.4
Industrial 3,814.5 4,033.1 .3;793.0 4,170. 4 4:419.3 3.7
Mining 284.8  285.3  487.9 462.9 420.2 10.2
Public & Lighting  68.8 ) 85.5 94. 4 100.9 10.1
Total 7.802.8 8,367.9 9,047.2 9,893.5 10,780.3 8.4
*Nope

Reference :

Eutent

(®)
: NEB
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Table 3 - 8 Numbe; of‘Consumers, Energy Sold and Power Revenue

‘by. Area and Type of Consumers in 1985

{(init: %)
Area o No. of Consumers Energy Sold Power Revenue
Eastern : 19,7 7.8 8.2
Southetn 24.9 20.2 20.1
Selangor | 12.8 22.5 21.9
Feéeral Territory 14.5 23.2 24.1
Northern 28,1 - 26.3 25.7
(ineluding Perak) ' : '
Total 100.0 100.0 10020
Types of Consumers
Domestic 86.2 20.9 20.1
Commercial 13.4 33.3 37.2
Tndustrial 02 41.0 38.1
Mining - 3.9 : 3.4
Public & Lighting 0.2 0.9 1.2
Total 100.0 100.0 100.0

* The share of power revenue by type of consumers was calculated with
reference to the energy sold on Table 3-7 and the average revenue on
Table 3-9.

*Note
Refefence : (C)

Extent =~ : NEB



Table 3 ~ 9

F.Y.
Types of Consumers
Domestic
Commercial
Industrial
Mining
Public & Lighting

Total

*Note

Reforence @

Extent

Average Power Revenue by Type of Consumers

“Unit : cents/kWh

Average
Growth Rate

togt 1082 1983 1984 1985  (81/85) (%)

16.88  21.40 21.42 21,38  21.41 1.9
22,08 24.88 24.91  24.80 24.86 2.0
18.70 20,43  20.72  20.68  20.66 2.5
18.02  10.49 19.52 19.36 19.58 2.1
27.01  29.04  20.29  29.45  29.55 2.3
20.22 21.98  22.20 22,19  22.26 2.4

(B)

: NEB
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Table 3 - 10 NEB Load Forecast 1987

Nemand FTorecast, Normal Scenario

Total LLN Integrated System

Year Sales LILN Sales Generation Peak Load
- _Twh TWh TWh MW
1086% 11.890 11.421 13.236 2268
1987 12.663  12.365 (8.26) 14.376 2460  (8.46)
1088 13.442 13,167 (6.49) 15.349 2622 (6.61)
1989 14.285  14.033 {6.57) 16.397 2797  (6.67)
1990 15.191 14.962 (6.62) 17.520 2984 (6.69)
1991 16.277  16.071 (7.41) 18.856 3207 (7.47)
1992 17.416  17.233 (7.23) 20.256 3440 (7.27)
1993 18.499 18.338 (6.42) 21.588 3661 (6.42)
1994 19,648 19.511 - (6.39) 22.999 3895  (6.38)
1995 20.869 20.754 (6.37) 24,495 4142 (6.35)
1996 22.166  22.074 (6.36) 26.081 4404 (6.32)
1997 23,543  23.474 (6.34) 27.763 4681  (6.29)
1998 25.007 24,961 (6.33) 29,547 4975  (6.27)
1999 26.563 26.540  (6.32) 31.440 5286  (6.25)
2000 28.216 28.216 (6.32) 33. 449 5615  (6.24)
2001 29.935  29.935 {6.09) 35.486 5957  (6.09)
2002 31.758 31.758 (6.09) 37.647 6320  (6.00)
2003 33.691 33.691  (6.09) 39.940 6705  {6.09)
2004 35,745 35,743 (6.09) 42.372 7113 (6.09)
2005 - 37.920 37.920 (6.909) 44,952 7546 (6.09)
2006 46.135 50.135  (5:84) 47.578 7987 . {(5.84)
- 2007 42,480 - 42,480 (5.84) 50.357 8454  (5.84)
2008 44,961 44,961 (5.84) 53,295 8948 (5.84)
2009 47.588  47.588 (5.84)  56.413 9470  (5.84)
2010 20.368 50.368 (5.84) 59,708 10024  (5.84)
* Actual
. #Note
Reference : NEB
Extent : NEB
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Table 3 ~ 11 Generated Energy by Source
F.Y. 1980 1985 1990
PJ (%) PJ (%) BJ (%)
0il-fired 28.34 ( 87.2) 33,29 ( 65.8) 11.25 ( 14.2)
Gas-fired 0.10 ( 0.3) 4.71 ¢ 9.3) 40,07 ( 50.6)
Hydro Power 4,06 ( 12.5) 12.60 ( 24.9) 15.60 { 19.7)
Coal-fired - «( - ) - « - ) 12.28 { 15.5)
Total Generated 32.5 (100.0) 50.6 (100.0) °79.2 (100.0)
Fnergy ' '
Total Generated
Energy ' :
(%) 7.26 7.45 g.18
Primary Supply
of Energy
*HNote
Reference : (B)
‘Extent : Natioﬁ—wide
Table 3 - 12 Progress of Rural Electrification
Average
_ - Growth Rate
F.Y. 1981 1982 1983 1984 1985 (81/85)(%)
No. of Households 423,147 475,842 549,250 601,475 049,679 -
with electricity
Growth Rate (%) - 12.5 15.4 9.5 8.0  11.3
No. of Villages 5,330 6,157 7,395 8,181 8,865 -
with electricity :
Growth Rate (7) - 15.5 20.1 10.6 8.4 13.6
“Note
Reference : (B)
Extent : NEB
3 - 24
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Table 3 - 3  Generated/Purchaséd, Sent-out and Energy Sold (GWh)
Average
_ : Growth Rate
F.Y. 1981 1982 1983 1984 1985 (81/85)(%)
Generated (a) 9,100 9,817 10,731 11,705 12,730 8.8
& Purchased '
Sent-out {b) 8,666 9,302 10,181 11,149 12,171 8.9
{a) - (b) () 4.8 5.2 5.2 4.8 4.4 -
(a)
Fnergy Sold (c) 7,803 2,368 9,047 9,894 10,780 8.4
) - Le) () 10.0 10.0 11.1 11.3 11.4 -
(b
“Note
Reference : (B)
Extent : NEB
Table 3 - 14 Purchased Energy {GWh)
E.Y. 1981 1982 1983 1984 1985
The Perak River  211.1  223.2 18.6 - -
Hydro Electric
Power Co.Ltd.
Public Utilities 86.6 63.0 50.3 63.4 73.9
Board Singapore
Egat-Thailand - 2.1 11.9 4.2 7.2
Other Supplies 4,0 1.9 0.9 1.6 1.4
Total Purchased 301.7 290.2 81L.7 69.2 82.5
Total Purchased. : \ : . '
Sent out _ (Z) 3.5 3.1 0.8 0.6 0.7
*Note
Reference : (B)
Extent : NEB



Table 3 - 15 Installed Capacity, Generated Energy
and Plant Féctor

Share (%)

.Y, 1981 1982 1983 1984 1985  in 1985
Total Installed o
Capacity (MW) 2,916 3,792 (100.9)
Gas-turbine 100 100 100 260 260 ( 6.9)
Diesel 127 126 139 188 206 ( 5.4)
Hydro 613 613 726 846 1,147  ( 30.2)
Thermal 1,330 1,560 1,612 1,612 1,570 ( 41.%)

Combined Cycle - - - - 600 {15.8)

Sub- total 2,170 2,399 2,577 2,906 3,781 ( 99.7)
Rural (Diesel) - - - 10 . 11 ( 0.3)
Total Generated _ _

Energy (GWh) 9,100 9,817 10,731 11,705 12,730  (100.0)
Cas-turbine 259 288 354 357 777 ( 6.1)
Diesel 300 335 393 252 313 ( 2.5)
Hydro 1,423 1,217 . 1,476 2,813 3,003 ( 23.6)
Thermal 6,797 7,665 8,407 8,193 7,433 (58.4)
Combined Cycle - - - - &1;097 ( 8.8)
Sub-total 8,780 9,506 10,630 11,614 12,624 (. 99.2)
Rural (Diesel) 15 18 19 21 24 ( 0.2)
Purchased 305 293 82 69 82  ( 0.6)

Plant Factor {in 1985)

Gas~turbine Diesel Hydro Thermal Combined

PF (7) 34,1 17.5 29.9  54.0 20.9
*Note .
Reference : (B)
Extent : NEB

3 -.26



Table 3 -~ 16 Installed Capacity in 1991

Plant Type Instailed Capacity (MW) {Share : 7)
Gas-turbine 4 x 18 = 72 {( 1.5)
Hydro 1,284% { 26.3)
0il-fired 3x25=3X 110 = 405%* ( 8.3)
Gas-fired : 2,528 { s1.7)
Conventional

TIPS T 4 x 50 = 200

PGPS 2 x 120 = 240

TIPS 11 3 x 105 = 315

PKPS I 2 x 300 = 600

Sub-total 1,355 { 24.0)

Combined Cycle

PAKA 3x 201 = 873

CBPS 1 x 306 = 300

Sub-total ' 1,173 ' ( 27.7)
Coal-fired 2 x 300 = 600 ( 12.3)
Total 4,889 (100.0)

Note® 1,284 MW consisting of Woh (150), JOR (100}, Chenderch (39),
Bersia (69), Kenering (114), Temenggor (348), Kenyir (400) and
Piah {64). .
%% 405 MW consisting of PRAI I (75) and PRAT IT (339).

Rerence : NEB

Extent : NEB

3 - 27
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Fig. 3~5 Isohyets of rainfall _
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Fig. 3~7

THE NATIONAL GRID (Year ending 31 August 19853)
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1.

fower Planning

Power Demand Forecast and Necessity of Hvdro-Power Plant

Power Demand Forecast

Tahle 6-1 shows a part of the energy and demand forecast made by
NEB. Taking into account that the Lebir Dam Project is at
present planned to be commissioned in or about the year 2000,
the subsequent annual average rate of growth in power generation

is as follows:

Period Annual Rate of Growth ()
2000 - 2005 6.09
2006 - 2010 5.84

2000 - 2010 5.97

For the first'fivé.years in the first decade after the year
2000, the annual average rate of growth was estimated to be

6.09Z and for the second five years 5.847. During the second

"half, the growth rate is expected to reduce slightly. ‘However,

for the decade as a whele, an anticipated annwal growth rate of

about 67 is predicted.

The vyearly load factor is wnot expected to vary, and should

remain at 68% each year.

‘Characteristics of Power Demand

Table 6-2 shows the load duration classified by month and season
hased on the actual records of NEB for 1986. From this data,

the duration curves according to the season are shown in Figs.

6-1 and 6-2. Fig. 6-3 shows a comparison of the two duration

curves indicated in Figs, 6-1 and 6-2 to identify the seasonal

features. As clearly shown in Fig. 6-3, the duration curves are
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3.

guite similar to each other. To simplify the studies, a
modified duration curve, as indicated in Fig. 6-4, was prepared

taking Fig. 6-3 into account.

Tt is possible to apply this modified duration ecurve to any
season of any vear, since as described above, the yearly load
factor does not vary and there is no remarkable difference in
the seasonal duration curves. ‘The seasonal load factor from the

modified duration curve on Fig. 6-4 is calculated to be 69.175%.

Power Demand at Sending End

in studying power planning, the demand and supply balance should

be made at the sending end. The reason for this is, that if the

- study is done at the generating end, the power demand: of each

alternative at the generating end is required to be of different
value and hence involves greater complexity in comparing

alternatives of different station use rates.

Table 6-3 schows the energy and capacity at the generating and
sending ends, and also the yearly load factor. The values at
the generating end are the forecast requirements by NEB, as
shown in Table 6-1. The values are based on the sending end and
these werc calculated on a station use rate of 57, taking the
past records of NEB into account. TFor the purpose of the study
each year has been divided into two halves. The sedsonal load
factor -of each half (6 months)ris 69.175%, and the duration
curves are to follow the form of the modified duration curve.
The yearly load factor was based dn the values forecast by NEB.

Taking these conditions into account, Table 6-3 shows the output

‘at the sending end of the first half and second half of each

year; Table 6-4 shows the sent out energy conveyed from the
sending end, for the first and second halves of each year, and

the average monthly energy output.
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Capability of the Bxisting Reservoir Type Hydro-Power Plant

Table - 6~-5 shows the ingtalled capacity and generating energy of
the existing teservoir type hydro-power plants. As shown in
this Table, the total installed capacity is 931 MW and the

generating energy during the two halves of the year is 210.8 Guh

. each on a monthly average. The respective values at the sending

end are 923,.6 MW and 209.1 GWh. The annual generating energy at
the sending end is 2,509.8 OWh and its plant factor is about
31Z. Assuming that there be no construction/expansion programme
concerning reservoir type hydro-power plants in the future, the
sending end ratios_of-generating energy/energy demand, of the

existing reservoir type hydro*power plants are as follows:

Ratio of generating energy/energy demand at
the sending end of the reservoir type hydro-

Year- : : power plants

2000 : 7.9 2
2005 5.9 %
2010 LA

Required Peak Supply Cﬁpabiligz

Figs. 6-5 and 6-6 show samples of the required peak supply
capability_during each month of the first half of 1999, These
figurés indicate the same sﬁbjeéts. These figures indicate a
situation where generaﬁing energy'and installed capacity at the

sending end of the existing reservoir type hydro-power plants,

'1deally fits ex15r1ng xequ1rements without any loss to meet

power demand.

~ If the case is considered in which the peak supply capability

was developad at more than that 1llu%trated in Fig 6-5, the

existing reservoir type hydro power plants as a hhole would not

be able to meet power demands unless the output can be saved.,
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On the other hand, taking the case in which the peak supply
capability was developed at less than that illustrated in
Fig.6-6, the deficiency of the 1low plant factor has to be
supplemented by the middle supply capability. From these
considerations, the reqﬁired peak supply capability'iilustrated
in these two figures is usually an economically usable ~amount.
Table 6-6 shows the required peak supply capability sought by
applying the above concept separately to the first half  and

second half of each year.

Table 6-7 shows the percentages of the required peak supply
capacity to the Sysﬁem peak'demand computed from the ‘required
peak supply capacity indicated in Table 6-6 and the demand at
the sending end in Table 6-3. It is understood from Table 6-7
that the percentage of the required peak supply capacity to the
system peak demand increases within the range from about 1272 to

about 16% during the'period'of the years 2000 to 2010.

Hecessity of Hydro-Power Plant

As described above, it 1is formulated that the required peak
supply capability tends to be on a gradual increase in future,
while the supply capability share of the existing reservoir type

hydro-power plants will be lowered.

Development of the peak éupﬁiy capability does not necessarily
mean that reservoir type " hydro-power : plants should be
constructed. H6WEVer, they are easy to ‘start and 'stbp, and
capable. of efficient control of oUtput; hence, they can be
regarded as the most efficient means of power generation from

the technical peint of view based on peak suppiy capability.

Tn Malaysia, fuel conversion in the existing thermal power
plants from oil to natural-gas, déve10pmenf=6f combined cycles

with natural gas as the fuel, deﬁelqpment'of coél-firéd. power
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1.

plants from the view point of energy security, ete. for the

future are all under consideration.

It is also economically significant to develop hydro-power

plants which wtilize energy vresources that are basically

inexhaustible.

Study on Magnitude of Power Development

Parameters of Alternative Cases

To formulate plans for a comparison of dam type power

development scales, the various parameters were selected as’

follows:

(1) Dam height

{(2) Firm

_Daﬁf height has a relationship to head and storage
capacity, and has Been studied in the HWL range, EL
35-60 m for power generatlon, taking into account
topographical and geologlcal fpatures of the dam site.

The total storage capacity will be 3,300 x 10 m3 at

HWL 85 m and it will be 500 x 106m3 at HWL 60 n.

discharge (Qf):

Firm discharge means the discharge to be used for 24

'hoanIday throughont a year, and has a relation to

power output and generated energy.

The firm discharge (Qf) has been studied between 40

m /s and 100 m /s taklng into- account the annual nean

'dlscharge of 112. 15 m /s and the minimum mean average

dlscharge of 49. 3m /s (1981) based on the estimated
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{3) Peak

monthly average of stream-flow at the dam site for the
past 35 years (1950 - 1984) in Table 5-2.

ratio (a) :

Peak ratio {a) is given by the ratio between the
maximum discharge (Qm) (firm discharge within the peak
operating hours for peak generatioﬁ) and  the firm
discharge (Qf), and is selected to within such range
as the continuous operating hours at the peak load are
between 3 and 6 hours, where the plant factor is 25}

to 12.5% and o becomes 4 toZS times.

(4) Minimum water level:

The cases

Minimum water level means the lowest operating water
level in the reservoir and has a relation to effective
storage capacity and head. 'This has been taken as
EL.50 m at'thé'lowest, on account of a design silt

face elevation of EL.47m.

studied in this Section 6.2 are shown on Table 6-8.

Rules of Reservoir Operation

The rules of reservoir operatioen to determine the monthly

discharge

for power generation neceésary for calculation of the

generating outpui and energy of comparativé plans for the

development scale were determined as follows:

‘The purposes of the study as stated in Section 6.2.1. are to

identify the optimﬁm develbpment'scale, based on a combination

of the pérameters of.dam heighté (¥l 6f résérvoir), storages of

reservolir

(IWL of reservoir) and output of the power :plant



(discharges for maximum power and firm power). ‘Therefore, such
rules ‘as the maintenance of high water levels in the reservoir
throughout the year, as common conditions to each comparative
development. plan, were adopted without setting any seasonal

and/or monthly target water levels for the reservoir.

{1) Outline of the rules of reservoir operation

{a) Where the water level in the rtreservoir is at high

water level.

i. Where the inflow Qi to the reservoir is less than
the firm discharge Qf, and the discharge for
power generation Qp being equal to the firm dis-
charge Qf, the deficiency qdl = Qf - Qi shall be
supplemented from storage, and the water level of

the reservoir will be lowered,

ii. Where the inflow Qi to the reserveoir is more than
the firm discharge Qf, the discharge for power
-generation qgp shall be equal to the inflow Qi to

the dam. .

iii. lWhere the inflow Qi to the reservoir is more than
. the maximum discharge (Qm, and the discharge for
pover . generation Qp is equal to the maximum dis-
charge Qm, the remaining discharge gd2 = Qi - Om

will overflow from the dam, and the water level

of the dam will remain at HWL.
{b) Vhere the water level in the reservoir is not high,

i.  Where the inflow Qi to the reservoir is less than
the firm discharge Qf and the discharge for power
penerdtion is equal to the firm discharge Qf, the

deficiency qdl = Qf - Qi shall be supplemented



ii.

idi.

iv.

from storage, and the water level of the
reservoir will be lowered. (the same as in 1i.

above)

Where the inflow Qi to the reservoir is more than

the firm discharge Qf and the discharge for power

generation qp is equal to the firm discharge Of

the excess inflow qdZ2 = Qi - Qf will remain
stored in the reservoir, and the water level will

rise.

Where the ' total excess inflow qd2 is stored in
the reservoir and the water level reaches HWL and
overflows, the .overflow shall be used for ?ower
generation. In  other words, the discharge for
power 'geﬁeration gp shall be the firm discharge
Qf + overflow, and the water level of the reser-

voir will be HWIL..

Where the above discharge for power generation qp
exceeds the maximum dischiarge’ Qm, and the dis-
charge-for power generation gp 1is equal to the
maximum discharge Qm, the exeeés discharge qd3 =

Qi - Qm - qd2 will overflow from the dam.

The above data is illustrated in- the following Figure.



~Model of Resevoir Operation Rules

- Firm discharge Maximum discharge

Qf Qi
]
Parameters t [

Water level of the
reservoir at HWL _ C1-1

Water level of the E’f
reservoir lower than 2-1

Inflow Qi
Power discharge 4qbp
" Supplemented '
dl{gghat‘t[‘lgg € qd1
Storage Sqd?
f--1 Overflow < 43
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Power and Energy Generation

(1)

Conditions of Calculation

In the foregoing Section 6.2,2, reservoir cperation rules
were examined for the total 81 cases of the project
development scale, which were enumerated in Section 6.2.1.
The stream flow data used for the calculation is given in

Table 5-2. These are monthly flows at the dam site for 35

. years covering the period of 1950 to 1984, 'The storage-

water level curve at the dam site given in Fig.7-5 was

applied.
The calculations were made using the following formula:

Power - P (xW)

P=9.8x X(Hl-HT - h) x Qp

Where, : combined efficiency of turbine and generator
Hl : Reservoir water level (EL. m)
HT ¢ Tailrace water level (EL. 27 m)

T : Head loss in water conduit {FL. 2.5 m)
Qp : Psak power discha:ge* (m3/sec.)
* Qp = Qmax wheﬁ-the reservoir water level is
::at the water level corresponding to the

rated head of turbine

Energy - B (kWh) _ .
=P x D x Qpf/Op x 24 (kKWh/month)

Where, P : Power output (kw)
. D' :-Number ‘of days in the month
Qpf : 24-hour power discharge (mB]sec.) _
as determined by the reservoir operatiqn:rule.
Qp : Peak power discharge* (m3/sec.)

* Peak power discharge at the reservoir water



level other than the water level cortresponding
to the rated head of turbine is determined by
the following equations:

ho 3
Qmax * = (m” /sec.)
1

h
h, < h Qp = Qmax * { ~9(m3 /sec.)
o] h1

where, h_ (m) = design base head and
hl (m) ="any discretionary headhead

=
3
o
L
=
it

§

For the above calculations, a level value 2 m below HWL was
taken as the water level correspending to the rated head of

turbine, Ho for each development scale, i.e.

h

o)

by

Ho -HT-Ah

:HO.‘ HT - Ah

The values used for the calculation of evaporation losses
are from the records of actual measurement taken at the

Cameron Highlands:

Monthly evaporation rates are tabulated below:

Jan. . 10} mm Jul. 104 mm
Feb, 102 Aug. 101
Mar. 118 Sep. 101

- Apr. 110 . Oct. ‘97

. May 102 ' Nov. ag
Jun, 102 Dec. 87

% 1,215 mm
(25 Caléulatian Results
(a) Relationship between firm‘aqd effective discharge
"The larger the firm discharge to be obtained by
regulating the seasonal fluétuations of the river

‘flow is, the larger the effective storage capacity (Qf
6 - 11



m3/sec.) required. The vyelationship between firm
discharge and necessary effective storage of the

various cases is shown below:

Firm discharge 3 50 60 70 80 80 100
(m™/sec.)

Fffective storage 731 1,216 1,741 2,347 3,109 3,130
6, 3
(10 /m™)

Minimum water level of 81 78 74 67.5 51 50

the reservoir (m)

(b)

For Qf = 100 m3/sec., the storage capacity is required

to be more than 3,130 x 106m3,,where IML is set at

‘FL.85 m and LWL will be below EL. 50 m.

Generation stoppage due to drought

The extent of the storage capacity in the reservoir
relates to the reliability 'with which the firm
discharge (Qf) can be maintained during. periods of
drought._- Larger Storage capacity enables Qf to be
maintained through drought periods of greater
severity. Should the available storage be less than
is needed in relation to a particularly severe
drought, the reserveir level will fall below the
planned L.W.L., and as a consequence the flow to the

power station will fall below Qf.

The reservoir operation calculations Thave been
performed under conditions' ﬁhat, possible low water
level (LWL) is at EL. 50m, when the dead storage is
167 x 10%° and variation in head is = 50'm - 29.5 m
J 85 m - 29.5 m for the plan of HWL 85 m or = 50 m -
29.5 mﬂl 70 m - 29.5 m for HWL 70 m, and where power
generation will . stop “during  the"months having

reservoir water levels below EL. 50 m.-



The operation calculations were made for 420 months
(35 years x 12 months) for each development scale. As
a result, the number of months during which generation
will be stopped is shown in percentages, as given in

the table below:

Rate of CGeneration Stoppage (2)

Qf (m3/sec.)
HWL &0 50 60 70 80 90 100
EL. 85 m 0 0 1.7 5.5
80 0 0 0 3.8 7.6
75 0 0 0.2 1.7 5.7 9.5
70 0 0 1.0 3.8 7.4 12.1
65 0 0.5
60 0.2

As shown above, if Qf = 100 mgfsec. is selected, power
generation stoppage months will be 5.5% despite the
raising of the HWL up to EL. 85 m,

"In this study, the development scales which will cause
powar ‘generation outage of more than 2.5% are
considered  inadequate and Thave therefore been
abandoned. The remainder of the development scales
were further examined.

(c) Reservoir low water level and intake level

After the calculations of reservoir operation, the low
water levels derived in the calculation of the

respective development scales are as given below:




Regervoir Low Water Level

(EL. m)
Qf (mjfsec.) _
WL 40 50 60 10 a0 90 100
FL. 85 m 81.0 78.0 73.9 &7.1 50% -
80 75.1 71,0  64.2 52.3 -~ --
75 ©68.2  62.5 52.6  50% - -
70 60.9 51.6  50% -- e -
65 51.3 50%
60 51.0.
The development scales with ¥ mark are cases where the
reservoir water level will go down to the lowest 1imit
of EL. 50 m under certain operating conditions, while
cases withoub any figure and marked by “ - " are those
to be abandoned because of power generation outage
exceeding 2.57.
In the next step, the intake siil level was calculated
on the basis of the low water level obtained as above.
The calculations of necessary inlet sill levels of the
intake were made by taking the inlet déptﬁ hd = 2D,
where D is the internal diameter of the water conduit.
The results are given below:
Inlet 5ill level of Intake
(EL. m)
Qf (m3/sec.)
WL 40 50 68 70 30 90 100
EL. 85 m 1 69.2 65.2  61.3 53.5 38.3% --
' 80 63.3 58,2 51.6 38.7% -~ .-
75 56.4  49.7  40.0% 36.4%  -- -
70 49.1 - 38.8% 37.4% -~ -
65 43.0% - A0, Q%
60 4ty 9%




¥In the above table, the figures with * mark are below
the estimated sediment level in the reserveoir, 1i.e.
BL. 47 my and therefore, considered to be inadeguate.
In these éases, the power generation stoppage months
previously computed are listed, as shown in the

following table.

Generation Stoppage Months (%)
ar. IWL of BL, 50 m or above

Intake Water  Generation
ML, a Of 5111 Level Stoppage
(FL. m) {(mn /sec.) (EL. m) ()
85 a0 38.3 1.7
a0 80 38.7 0
75 80 36.4 1.7
75 70 40.0 0.2
70 . 70 37.4 1.0
70 60 38.8 ]
65 60 40,0 0.5
65 50 3.0 0
60 . 40 44,9 0.2

As shown above, each case still has some margin below

‘the 2.5 % limit of power generation stoppage.

By taking LWL of EL.6O m , or EL 55 m for some cases,
as the lowest condition, the reservoir operation
caléulations in  these cases were made and the months

of power generation stoppage obtained as listed below:



Generation Stoppage Months at LWL EL. 60 m or 55 m

L 3 T LWL " Generation
(PL. m) (wm/sec.)  (EL. m) Stoppage (2
85 g0 60 2.9%
80 80 60 0.9
15 80 60 2.6%
75 70 60 0.7
70 70 60 3.1%
70 - 60 60 0.5
65 &0 55 1.6
65 50 _ 55 0.2
60 : 40 : 55 1.0

Screening away the éases marked with ¥, it was found
that among ithe remaiﬁder, the cases of; 1) HWL = EL.
80 m, Of = 80 m/sec.; 2) WWL = EL. 75 m, Qf = 70
nP!sec., and 3) HWL = EL. 70 m, Qf = 60 m3/sed. are
possible development scales subject to taking LWL at
EL. 60 m.

Two other cases: 4) HUWL = £L.65 m, Of = 50.m3/sec, and
5) BWL = EL.60 m, Qf = 40 m"/sec are possible, but the
case of: 6) RWL = EL.65.m, Qf = 60 m3/sec'is discarded
because the required elevation of the intake sill is
found to be lower than EL.47 m (DSL) even though it
clears the criferion with regard to stoppage of

generation.

From these studies as mentioned above, 35 development
cases were screened out of the total 81 cases planned
in the previous Section 6.2.1. and listed in the

following table.



Since the firm power discharge Qf = 60 m3/sec. is
possible even for the smallest dam scale, namely HWL =
TL., 70 m, the cases of Qf = 50 m3]sec. were not

further elaborated when WHL equals 70 m or above.
The possible development cases are summarized below.

Possible Development Cases (0 marked)

40 50 60 70 80

85 - - 0 0 0

- 80 - - 0 0 0
75 - - 0 0 -
70 - - 0 - -
65 - 0 - - -
60 0 - - - -

LWL (EL. m)

Qf
m”fsec) 4
HWL 0 50 60 76 80
(EL.m)
85 78.0 73.9 67.1
‘80 71.0 64,2 60.0
75 62.5 60.0 -
70 60.0 - -
65 - 560 - - -
60 56.0 - - - -




Available Depth (m)

Qf
(m3/sec) '
40 50 60 70 80
HWL
{EL.m)
85 7.0 11.1 17.9
80 9.0 15.8  20.
75 12.5 15.0 -
10 10.0 - -
65 - 2.0 - - -
60 4.0 - - - -
Intake Sill Level (EL. m)
Qf
(m3/sec)
40 50 - 60 70 80
HWL : :
{(EL.m)
85 ' 65.2 61.3 53.
80 58,2 51.6  47.
75 £9.7 47 .4 -
70 47.2 - -
65 47.0 - - -
60 50.0 - - - -




Usable Storage

(105>
Qf
(m/sec)
40 50 a0 70 80
HWL
(EL.m)
85 - - 1,216 1,741 2,347
80 - ~ 1,126 1,647 1,819
75 - - 1,045 1,102 -
70 - - 617 - -
65 - 389 - - -
60 175 - - - -
Generation.Stoppage.Months (%)
] of
UL (m™/sec) | 44 50 60 70 80
a5 - - 0 |
80 - - 0 0.9
75 - - 0 0.7 -
70 - - 0.5 - -
65 - o - - -
60 0 - - - -

"(d) Ineffective discﬁarge (Spilling Water)

Where the effective storage capacity is small, an
ineffective discharge is caused because the reservoir
can not regulate the seasonal fluctuations of river
"flow and 1is not drawn doun from the full condition.
The following table shows a result of the reservoir

operation calculations.



Ineffective Discharge (m3/s year)

5 OF . ~
{m [sec) 40 50 60 70 20 - 90 1060
o

4 26 19 14 .10 7 5 4
5 .15 M 7 5

& 17 12 8 5 4 3 2
8 12.1 7.9 5.1 3.3 2.1 1.2 0.8

Annual mean inflow to the reservoir is 112.6 m3/s,
Mean evaporation volume = 1,215 mm x 121.5 ka {This

is equivalent to a loss of inflow of &.?‘m3/s).

Effective inflow = Annual mean inflow - evaporation

I

loss

122.6 - 4.7 /s = 107.9 m'/s

13

3
In the case where 2 m /s is being discharged
ineffectively, the river usage factor becomes Q8%.
Where the firm discharge 80 m3/s is applied, the usage

factor of river becomes remarkably high.

~(3) Generation output and energy of comparative plans for

development scale

For cases screened out, as mentioned above, power
generation output and plant factors are within the

following range:
At the largest development scale (HYL = EL. 85 m)

113 - 301 MW
377 - 417 GWh

Plant factor P.fg = 0,38 - 0.16

=]
n

- Power ouwtput

=}
]

Energy output



6.2.4.

At the medium size development scale (HWL = EL. 70 m)

Power output Po= 82 - 123 WM
Energy output E = 280 - 300 GWh
Plant factor r.f. = 0,39 - 0.28

At the smallest development scale (HWL = EL. 60 m)

)

20 MW
Fnergy output E = 142.1 GWh
Plant factor pP.f. = 0.80

Power output P

Power generation, energy production and mean plant
factor corresponding to each comparative plan for
‘development scale are summarized on Table 6-9. Also,
on Tabhle 6-2-1 of Appendixz, the data on reservoir
water level, effective storage, ineffective discharge

and generation stoppage months are enumerated.

Selection of Optimum Development Scheme

In selecting the optimum development scheme among the various
alternatives discussed in Section 6.2.3., an eccnomic comparison
of alternatives was made taking into account total benefits
ariging from power development, flood control, and agricultural
irrigation, and the construction costs, since this project is to
be 'developed. as a multipurpose ~scheme. The details of the
economic comparison are stated in the respective Sections of the
Interim- Report ptepared in February, 1988, and the following are

a summary of information extracted from the report.
Power benefits :
Combined cycle is selected as an alternative power source

of hydro-power. - Its annual value is as follows (refer to

Section 6.4.):~



MW value: 180.474 M$/kW-year (i=82)
202.091. " (1=10%)
240.085 " (i=12%)

where, i = discount rate

MWh value: 37.289 M$/MWh
Flood control benefits :

The flood control benefits in the year 2000 due to the
reservation of flood control capacity above the HWL for
power generaticn, and a natural overflow type spillway with
160 m long overflow sill, are estimated as follows based on
1987 price levels (refer to Chapter 7 in the Tnterim Report
of February, 1988).

Flood control benefit (per year)

ML 85 m 25.72 % 10%m$
HWL 80 m _ 21.64 "
WL 75 m 17.99 U
HHWL below 76 M [

Agricdltural benefits :

The_agficultural benefits arising from an effective use of
the daily dscharge of - 80 mgls for the  agricultural
productions in the downstream reaches of the Relantan'River
and ‘a production increase of paddy in 19,326 ha of -the new
paddy field in addition to the existing 46,000 ha, are
estimated as foilows-(refer to Chapter 13 4in the Interim

Report of February, 1988):-

Net incremental benefit per year 5.97 x 106M$ (i=8%)

1,98 v (3=10%)
2,09 " (3=122)

Tt is understood from the difference between the above benefits
and the annual expenditures of the total project ceost that the

following cases are prospective.
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MW Guh Net benefit  (x10%M$)

ML Qf 4 a &h o ! :
(n) (m7/s) i=8% i=10% i=12%
85 80 5 188 402 A1.33 A22.93 ALT .54
85 80 6  225.6 407 0,45 A21.3%9 A46,27
85 80 8 300.8 416 2,14 - A20.77 A46.91
80 a0 5 170.7 365 .03 Al8.89 £&0. 35
80 80 6 204.9 370 1,67  Al7.45 A39.17
80 80 8 273.2 380 1.85 Al18.67 A42.00
80 70 & 179.3 377 0.18 A18.98 AOLTY

The total project cost adopted for the above calculation is
largely based on estimated figures which represent an
improvement over the rough figures at the Interim Report Stage.
Thus, the net benefit becomes minus, excepting only & cases with
a discount rate of 8%Z. However, the relative differences among

each case are observed, and the following trends are identified.
i. The case with the higher dam is generally more profitable.

ii. The case with the larger peak ratio and power output is

more effective.

From the result of the above, the case of HWL = 80 m, Qf = 80
m3/s and « = 8 is proposed as a optimum plan. Though similar
economic effect can he expected from the case of HWL = 85 m, Qf
= B ma/s and a = 8, it wés considered more desirable &to have a

smaller inundation area arising from the dam construction.

The result of éalculatioh “0of costs and benefits is shown on
Table 6-10.
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6.3.

6.3.

1.

Determination of Main Teatures of Optimum Plan

High Water Level for Power Generation

In the previous Section, the high water level for power
generation in the optimum plan of a multi purpose dam scheme was
calculated to be EL.80 m. TIn this Section, in the case of

expanding the flood contrdl capacity i.e. to reduce the reserved

~ capacity for power generaéicn, the propriety of high water level

is reconfirmed from the relatibhship between flood control

benefits and losses of power benefit.

For this purpose, the following variations of spillway were

selected, and the fluctuations of net benefit arising from power

'generation'and flood control were computed:-

Selected Variations

|
Case 1 EL.97 | ! '
S EE. 80

i 120 m. >

Case 2. E}iﬁﬁlej_l . ' o ffr— EL.79.3

Case 3 EL;§&L§:]——¥1 . ‘__“r_fJ__ ELTT.9

or]
m‘
"
©
£

EL.84.2— I — FL.76.3




Net Benefit

Power Flood Flood Peak cut Flood Total net
Benefit Inflow discharge off ratio control  benefit
benefit
Case MW GWh 106M$ n/s m3/s b 106M$ 106M$
1 267.7 373.3 69.87 5,560 - 3,100 43 16.98 86.85
2 262.0 3606.6 68.46 5,560 2,920 47 17.90 B6.36
3 246.2 358.6 64.85 5,560 2,260 59 19.87 84.72
4 227.6 348.1 60.57 © 5,560 1,660 70 21.25 81.82

Note 1) Power benefit was calculated based on MW value:
M$ 200,1/year and MWh value M} 37.289 when the
" discount rate of 10% was adopted (refer to Section
6:4.)

2) ‘Fload inflow corresponds to the 50 to 100 year return
flood.

3) -For‘caiculation of the flood benefit, Section 7.6 is
-referred. (2000 year level, 1587 price)

‘Although the Project cost will not be decreased to such extent

that Case 2 through' Case 4 oprovide higher economic benefit

© because the required dam lheight among the alternatives is

unchanged, the constrﬁction cost of the spiliway would increase
jn Case 2 through Case 4 due to lowering of the elevation of
the crests, and the unit cost of the generating equipment per kW

would be increased.

As shown in the above table, if a HWL below EL.80 m weve to be

adopted foriexpanding the flood control purpose, the total net

. benefit as a multi pﬁrpose dam would be decreased. Therefore,

El., 80 m is adopted as the optimum high water level for this

project.




6.3.2. Determination of Optimum Diameter of Penstock Tunnel
Waterway sizing is a very significant factor in hydro-power
scheme design. '
The diameter of the penstock tunnel has been evaluated on the
basis of the lowest annual costs of construction plus power loss
due to hydraulic friction in the waterway., Two and three
penstock tunnel plans were evaluated and compared. Each result
is shown below.
Two tunnels plan
Flow Head ' . : : Annpual
Tunnel velocity loss ) Construction cost
dia- in the in the kW kWh - Loss cost of for the Total
meter  tunnel tunnel loss loss henefit  tunnel works cost
m m/s m M$ M$ M M$
x10%  x10° x108 xi0®  x10°
10.09 4.0 0.952 5,140 7.16 1.34 38.71 5.24 - 6.58
9.52 4.5 1.222 6,600 9.19 .72 35.06 4.63 6.35
9.03 5.0 1.530 8,260 11.50 2.15 30.96 4,09 6.24
8.61 5.5 1.877 10,130 14.11 2.64 27.01 3.57 - 6.21
8.24 6.0 2.261 12,200 17.00 3,18 24,96 3.29 6.47
7.92 6.5 2.685 14,500 20.20 3.78 23.22 3.07 6.85
7.63 7.0 3.146 16,980 23.65  4.42 21,74 2.87  7.29
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Three tunnels plan

~ From the result of the above,

Flow Head Anmual
Tunmel velocity loss _ Construction cost
dia- in the in the kW kWh Loss cost of for the Total
meter tunnel +tunnel loss loss benefit tunnel works cost
m mls m M M$ s M3
x108 x10° x10° x10®  x10®
8.24 4.0 1.002 5,140  7.16  1.34 38.24 5.05 6.39
7.7% 4.5 1.288 6,950 9.68 1.81 34,36 4.54 6.35
7.37 5.0 1.619 8,740 12.17 2.28 31.25 4,13 6.41
7.03 5.5 1.989 10,740 14.96 2.80 - 28.79 3.80 6.60
6.73 6.0 2.403 12,970 18.06 3.38 26.59 3.51 6.89
6.46 6.5 2.862 15,450 21.52  4.03 24,80 3.27  7.30
6.23 7.0 3.363 18,160 25.30 4.73 23.24  3.067  7.80
Note 1) Power benefit was calculated based on MW wvalue:

M& 209.1}year-and MWh value M$37.2890 when the discount
rate of 10% was adopted. (refer to Section 6.4.)

2) For calculation of the construction cost, unit rates

indicated in Section 13.2. were used.

generationy

velocity in the tunnel is in the range 4.5 m/s to 5.5 m/s.

3) 640 m3ls was used as the maximum discharge for power

the optimum is when the flow

Judging from the topography at the left bank of the dam where

" Lhe penstock tunnel is located, it seems that the depth of cover

over the tunnel may be low.

With this in mind the diameteps'

selected are 8.6 m for the two tunnels plan and 7.8 m for the

‘three tumnels plan.

b
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6.3.3. HNumber of Penstock Tunnel and Generation Unit
For the proper selection of the number of penstock tunnels and
generation units, the power system, past experience of the
manufacturer of generatidn units, transportation condition and
ease of operation and maintenance shall be carefully considered.
To determine the optimum plan from the economic view point, the
construction costs of twe cases, i.e. 1) two tummels with two
generation units and 2) three tunnels with three generation
units were compared.
The following table shows the results of this comparison:?'
o Two tunnelé with Three tunnels with
Ttem two. generation - three generation
units units
Excavation _ 10&;250_m3 114,990 m3
Waterway tumnel | coqovete 20,370 0> | 26,280 m°
civil work
Cost 27.005 x 10%3 | 33.073 x 10%s
Excavation 235,000 n° 247,690 m°
Powerhouse Concrete 745,000 n° 78,290 m°
civil work _
Cost 43.431 x 10% 43.567 x 10543
Electro- Period 23 months . . 26 months
mechanical Cost 137.7 x 10%$ 156.8 x 10%3
work _
Total Cost | 208.1 x 10% 2334 x 10%s

Note 1) Excavation of the waterway tunnel includes for ' excava-
vation of the power intake. The volume of open excava-
tion was converted into.tunnel.excavation using a unit

ratio.

2) A tunnel diameter of 7 m corresponding to the flow .
velocity of 5.5 m/s was adopted for the three tunnels
plan.



6.3.4.

As understood from the above, there is little diffevence in the

cost of the powefhouse'civil work between two and three tunnels

plans. Though small differences can be observed in the waterway

tunnel and electro-mechanical works, the two tunnels plan is

" cheaper (by 25 x 106M$) than the three tumnels plan overall.

Therefore, the two tunnels plan with two generation units is

adopted for this project.

In this case, the diameter of tunnel and capacity of each

generation unit becomes 8.6 m and 133.8 MW respectively.

Cross Section and Lengﬁh of Tailrace Channel

An  economic comparison was made to  investigate possible

optimization of the tailrace channel cross-section and its

“downstream location distance from the powerhouse. The resultls

are shown below.

(1) Determination of the cross section of tailrace channel

The following table shows the power loss converted inte
monetary terms against variations of the channel slope,
where 500 m has been adopted as ‘the minimum length of

tailrace channel.

Caleulations are on the basis of a peak discharge of 640 .

m3/s from the tailrace.



Waterway Head loss kW loss kWh loss  Loss benefit
slope m ' _M%
- - x10° x10°
1/1000 0.500 2,697 3.748 7.032
1/1500 0.333 1,800 2.501 41693
1/2000 0.250 1,348 1.874 3,515
1/2500 0.200 1,079 1.500 2.813
1/3000 0.167 897 1,247 2.339
1/3500 0.143 770 1.070 2.007
1/4000 0.125 676 . 0.940 1.763
1/4500 0.111 598 0.831 1.559
/5060  0.100 539 0.749 1.405

The consfruction cost and annual cost relating to various cross-
sections of the tailrace channel are shown below. A trapezoidal
section was adopted for the channel and fixed at a slope of 1 to

1. As a parametér, the invert width was varied.

Tnvert width = 15 m

(coSt:;xlOﬁ)

Uniform Construc-  Annual
Waterway flaw Flow Excava- Concrete tion cost for Total
slope depth  velocity tion, ‘q cost " the works cost
_ {m) (m/s) (m?) {m” ) M$ M$ M
1/1000 5.9 5.22 477,000 12,800 6.07 -0.80 1.57
1/1500 6.6 - 451 501,000 13,400 .37 | 0.84 1.36
1/2000 7.2 4.08 520,000 13,800 6.58 0.87 1.26
1/2500 7.6 3.74 536;000 14,200 6.78 0.89 1.20
1/3000 8.0 3.51 550,000 14,500 6.94 0.92 1.18
1/3500 8.3 3.31 561,000 14,700 7.06 0.93 1.15
1/4000 8.6 3.15 572,000 14,900 7.18 0.95 1.14
1/4500 8.9 3.02 576,000 15,200 7.28 0.96 1.13
1/5000 9,2 2.91 592,000 15,400 7.43 0,98 1.13
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Invert width = 20 n

{cost: x 106}

Uniform Construc- Annual
Waterway flow Flow Bxcava- Concrete tion cost for  Total
slope depth  velocity tion3 3 cost the works cost
{m) {m/s) (n7) {m”) M$ M$ M3
1/1000 5.1 5.06 512,000 9,500 5.56 0.73 1.50
111500 5.7 4,38 533,000 9,300 5.79 0.76 1.28
1/2000 6.2 3.%6 551,000 10,300 . 6.00 0.79 1.18
1/2500 6.6 3.66 566,000 10,600 6.16 0.81 1;12.
1/3000 7.0 .44 581,000 10,900 6.33 0.84 1.10
'113500 7.3 3.25 592,000 11,200° 6. 47 0.85 1.67
1/40090 7.6 3.10 602,000 11,400 . 6.59 0.87 1.06
174500 7.8 2.97 611,000 11,600 6.70 0.88 1.05
1/5000 8.1 2.87 621,000 11,800 . 6.81 0.90 1.05
Tnvert width = 30 m
(cost:'xloﬁ)
Uniform Construc- Annual
Waterway flow Flow Excava- Concrete tion cost for  Total
slope depth velocity tion3 3 cost the works cost
{m) (m/s) m) _ (m) u§ M$ M
1/1000 4.1 4,73 '590,000 11,000 6.42 0.85 1.62
1715060 4.6 4,12 610,000 12,000 6.77 0.89 - 1.41
1/2000 5.0 3.73 630,000 12,100 6.93 G.91 1.30
112500. 5.3 3.45 640,000 12,400 7.07 0.93 1.24
1/3000 5.6 - 3.24 654,000 12,600 7.21 0.95 1.21
1/3500 5.9 3.00 664,000 12,800 C7.32 - 0.97 1.19
. 1740600 6.1 2.94 675,000 13,000 7. 44 0.98 1.17
174500 6.3 '2.82 683,000 13,200 7.53 0.99 1.16
1/5000 6.5 2.72 691,000 13;300 7.61 1.00 1.15




Invert width = 40 m

(cost: 3106)

Uniform Construc-  Annual

Waterway Tflow Flow Excava- Concrete - tion cost for  Total
slope depth  velocity tionq 3 cost the works cost

- (m) (m/s) {m) (m”) M$ M ME .
1/1000 3.4 4,36 680,000 13,600 7.61 1.00 1.73
l/iSOO 3.9 3.86 700,000 14,000 7.83 1.03 1.55
1/2000 4.2 3.49 710,000 14,300 7.96 1.05 “1ihb
1/2500 4.5 3.25 727,000 14,500 - 8.12 1.07 . 1.38
1/3000 4.7 3.04 736,000 14,700 8.23 1.09 2.44
1/3500 5.0 2.91 750,000 14,900 8.37 1.10 l.Bi_.
1/4000 5.2, 2.79 759,000 15,000 = 8.45 1,12 1.3}
1/4500 5.4 2.68 769,000 15,200 8.56 . 1.13 1.30
1/5000 5.5 2.57 - 773,000 15,300 8.61 1.14 1.29

(2)

The above results show that the waterway with a gentle
slope lesé than 1/3,000 is more ecenomical and the invert
width of 20 m becomes the most advantageous scheme. It is
therefore proposed to adopt a scheme with the slope of
1/3,000”ahd an invert width of 20 m since this shows the

lowest construction cost.

- Study on the length of tailrace channel

An extension ‘scheme of  the tailrace .channel -to further.
downstream near Kg. Tualang is studied in addition to a
scheme with the . ‘shortest tailrace channel. The

arrangements are shown on the following page.




A scheme with the shortest

Maximum discharge 640m3/g
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By extending the tailrace channel to 2,300 m downstream, 1.2 m
of river head can be obtained. The slope of the tailrace
channel for the extension portion will accordingly be 1.2/2,300
{=1/1,M7).

Rased on the above features, the economic evaluation was made as

below:

Annual incremental benefit arising from an extension scheme of

the tailrace.

fl

kN value 6,473 kW x M$209/kW = 1.353 x M$106

WWh value = 9.02 x 10° KWh x M$0.0372/kWh = M$0.336 x 10°

Total M$1.689 x 106

Additional cost relating to the extension scheme (2,300 m)

Construction cost M$10,190/m -
{based on a basis of invert width = 20 m

“and slope of tailrace channel ='1/2,000

Thus, the total construcfibn cost 'for the extension scheme .
becomes W$23.437 x 106. The ‘annual cost will’ therefore be
M$3.09 x 106 on a basis of a discount rate at 10%.

Benefit by cost for an ‘extension scheme of the tailrace.

B/C = 1.689/3.09 = 0,547
As understood from the above, since only low economic benefits
are expected from the above extension scheme, the tailrace
channel scheme having a iinimum length is to be adopted for this

project as the optimum scheme.



6.3.5.

Power Generation and Energy Production

Based on the basic features discussed in the foregeing
Sections, the power generation and energy production as an

optimum scheme are computed as stated below:
{1} Head losses in the waterway

Head losses for 040 m3/é discharge‘during peak generation

are calculated as follows:

Ttems Waterway No.l Waterway No.2

| (m) (m)

_ Intake loss 10.118 0.118

- Secreen _ : . 0.055 _ 0.055

- Frictiﬁn loss of tunnel 0.509 0.549

- Bend in tummel 0.422 : 0.424

- Contraction of tunnel 0.003 0.003

- Draft tube |  0.078 0.078

- Contraction of tailrace 0.037 0.037
bay :

- Lowering of water level 0;566 0.566

of tailrace bay '

- Slope of tailrace chanmel 0.179 0.179

- Other margin 0.363 D.3438

* Total | 2.330 2.357

(2) Calculation result of reservoir operation

Stated below is a ‘calculation result of the reservoir

operation as discussed in Sections 6.2.2. and 6.2.3.



Basic condition for calculation:

L

LWL

Maximum discharge

River water level at the tailrace
Head loss

Overall efficiency of turbine
and generator

Results of calculation

Maximum output

Annual energy generated

80.0 m
60.0 m
3
640G /s
28.0 m
2.34 m
0.88

267.600 MW
373.28 GHh

(Average of 35 years from 1950 to 1984)

Annual averaged plant factor
Monthly energy generated

March

April

May

June

July

August

Subtotal (Dry season)

September
Octeber
November
. December
January
February

Subtotal (Rainy season)

Total (throughout a year)

15.9%

GiWh
26.50
23.84

25.98

23.63
22.64
22.64
145.23

22.91
128.20
36.70
68.98
44,65
26.61

228,05

373,28



6.4,

6.4.1.

Monthly inflows, fluctuations of the reservoir inflow,
level, power output and energy production for 35 years are

illustrated in Figs.6-7, 6-8 and 6-9 respectively.

Evaluation of Power Benefits

The power benefits attributable to the Lebir Hydro-Power Plant can
be evaluated according to costs which will be incurred in case the
output and energy provided by this plant to the power system is
substituted by other alternative power generation systems, These
power benefits can be computed out of the two elements, fixed, and

variable ‘costs at the sending end.
Fixed Cost

Table 6-11 shows the calculation conditions and results of the
fixed costs of the proposed power sources presently under

consideration by NEB for development.
The following are the calculation results:

Annual Fixed Cost
($/kW - Year)
(Discount Rate = 0.1)

Peaking Gas-turbine (G 90W) 243,98

Port Klang - type I (G 300} 351.21
Port Klang - type 1T (C 299) 162,62
Combined Cycie ~  (CCYE) 274.16
- (ceYw) 209.09
Coal-fired (C 500) 375.27

The calculation results show that the combined cycle power plant
CCYW (300 MW) is the lowest in fized cost, and the coal-fired
power plant C500 (500 MW) the most expensive.



6.4.2.

6.4.3.

Variable Costs

Table 6-12 shows conditions such as fuel price, etc., necessary
for the calculation of variable costs. Out of those data, fuel
prices other than coal, and the minimum load conditions, were
based on the data of NEB, while other conditions were estimabed

by JICA Study Team.

Table 6-13 shows the calculation conditions and results of the
variable costs of the proposed power sources presently under
consideration by NEB for development. The station use rates

were estimated by JICA Study'Team from the data available,

From the calculation results, values at the rated loads are as

follows:

' : -Variable Cost: :
Plant _ _ . ($/MWh)  Remarks
(in 1995)  ($/MBTU) ($/ )

Peaking Gas-turbine (G 90W) 42.220 3.3

Port Klang ~ type I (G 300) 32.869 3.3

Port Klang - type II . {C 299) 48.135 113.7

Combined Cycle ~  {CCYE) 24,218 2.5
(ceyw) 31.328 3.3

Coal-fired ' (c500) - 47.774 113.7

According to these calculatien vesults, the combined‘cycle CCYE
{291 ¥4) is the lowest in variable cost and the coal-fired €299
(300 MW) the most expensive.

Total Cost

Table 6-14 shows the totél COStSv($/kw - yeaf).ét_the'minimum
ioads (see Table 6-12), and at. the rated loads calculated using
annual fixed costs shown in Table 6411; and variable costs ‘in

Table 6-12.
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