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SUMMARY

b]ectige gng Sghggglg

1.

The main objective -of the study is initially to identify the
potential sités for development of small scale hydroelectric

; power progects for supply of pover to four (4) load centres

viz.,

¢! )"Sri AmAn |
© (ii ) sarikei-

(iii) Kapit

(iv ) Limbang

and subsequently to carry out the feasibility study for the
site(s) evaluated to be promising.

The ° study is scheduled for a. period of twenty-one (21)

months  from August 1986 to April 1988.- It comprises the
follow1ng three(a) stages*' R co

(i ) Identification stage Aug 1986<to:ch 1986
(ii ) Field investigation stage Dec 1986 to Aug 1987

_(iii) Fe351bility design stage g -June 1987=t0 April’ 1988.

This Volume VII- with the supporting reports of Volume VIII
- describes the outcomes of studies in the Identification
"Stage. ' : _

3.

A team of consultants for the study (the Study Team) was

“organized by ‘Japan International Cooperation: Agency (JICa)
~ and commenced the study 1n Kuching at the beginning of

August 1986.

During this Identification stage (Angust to November 1986),
the fcllowzng studies have been carried out'

‘Basic data collection and review

Map study and field reconnaissance survey

Low flow and flood analysis

Hydropower computation and preliminary cost estimate
Selection of attractive potential sites through screening
evaluations.

(1)



Identification of Potential Sites ..

4.,

"In total, twenty two (22) potential sites were identified in
this- study (Seé the  attached .figure: for location.of the
sites).. For . these identified .sites, power _output -
-calculatlon was made to estimate - development scale in terms

of power and enerqy outputs.‘ The power output computatlon
is based on hydrological data derived from the studies. The
computed power output was used for evaluation.of the schemes
in the first screening, through which the. candidate sites
for field reconnaissance survey were determ1ned.

Screening of Schemes - ¢

5.

The first screening was pade according to the predetermined

screening criteria: .. the max1mum output of 50 MW and minimum
output: of -2 MW :in principle in. view of the future power
demand at each demand centre... Technlcal aspects revealed
from the estting information were also taken into
cons;deratlon. ' B T

The - fleld reconnalssance survey ‘was : conducted for eleven
(11) potential sites selected ‘through the first screening.

‘The. survey: was.to..confirm. actualtopography  at . the site

including available.head,: geolog1ca1 condition, avallablllty
of construction materlals, accessiblility and - other
technical conditions.

The second screening. was to evaluate the sites  from
technical aspects such as topographical constraints,
geclogical difficulties and availability of construction
materials, malnly' ‘based -on information obtained. from the
field reconnaissance.. As- the -result -geven; {(7) potential
sites were- retalned at this screenlng evaluatlon. They
comprise one (1) site for Sarikei load centre and .two (2)
51tes each for Sr1 Aman, Kaplt and lebang 1oad centres.

The prellmlnary cost estlmate was then prepared for these
seven (7) potential sites based on -layout plan examined for
each site....-The estimated. costs werea. reﬁlected in the final
compar;son of 91tes at the third screenlng.,,_; oo

Sl il

(ii)



Candidat ites r Su sibi

9.

10.

11.

- AS the thlrd screenlng evaluatlon, relative merit of each

hydropower scheme was examined in terms of présent worth of
cost streams, in comparison with that of alternative thermal
power. Table S-1 shows five (5) schemes selected from the
evaluation, one each for Sri Aman, Sarikei and Kapit load
centres and two for Limbang load centre.

As seen in the Table, Sekrang—l and Kanow1t seem to be less

‘attractive, while three schemes; namely Mukoh, Medamit-2 and

Pasia, have been accorded favourable evaluatlon indices
(¢.g. 10.8%; 10.8% and 9.8% "in terms of IRR, respectively).
The latter ‘three would therefore be the candldate schemes to
be taken up in the next phase of study (feas;billty study) .

Prin01pa1 features of the above three schemes are presented
in Table S 2, _

Following are - preliminary recommendations at -a technical
level for making a decision in selecting the schemes as to
proceed into the fea51b111ty' study by the Government of

- Malaysia and JICA.

(1) For Kaplt load centre

- Mukoh would be worthy of further 1nvest1gat10n and
study in view of the following factors accorded to this
scheme:

Mukoh scheme

- Relatively high evaluation indices represented by
EIRR of 10.8%

- Fair accessibility via a 6 km new road branched off
from the existing logging road

- Location close to the Kapit load centre (25 Kkn
transmission line)

- No other technical constraint except for a ninor
difficulty in acquiring source of sand/gravel
material. :

(2) For Limbang load centre

Two schemes were proposed for Limbang area. Comparing
the evaluated indices in Table $-1 as well as other
relevant technical factors 1listed below, this study
presumes that a preference for further study would be
given to the Medamit-2 scheme.

(iii) -



Me -2 &

Evaluation index is still within an acceptable level
(EIRR = 10.8%). Development scale is appropriate to
the size of present power market. .

Good  accessibility to site (existing logging road
passing close to the site). - S
Moderate length of transmission line (60 km) .

No other specific difficulty foreseen.

1

1

asia s

- Potentiality of scheme is most attractive in terms of
least cost energy precducible o

-~ Evaluation index assuméd at the present demand level

is within an -acceptable range (EIRR = 9.8%}, but
involves some difficulties under present condition as
listed below. ‘ . '

-~ Access over a long distance, via a 40 km logging road
and a 20 km access rcad to be newly built, after
branched from the existing public road

- A long transmission line of about 110 km, of which 20
km is in primary rain forest area without road for
future maintenance along the line. o

12. A steering committee meeting by the Government of Malaysia
and JICA was held at Kuching on January 21, 1987 for
selecting the schemes to proceed into the feasibility study
stage among Mukoh, Medamit-2 and Pasia. Mukoh for the Kapit
load centre and Madamit-2 for the Limbang load centre were
then selected as. the schemes to advance to the feasibility
stage. ,



Table S<1 - EVALUATION INDICES OF POTENTIAL SITES
{Schemes selected for Each Load Centre)

T e P TP Nkl L R W A S - S U U G B S S S Ak il vk S el S G W G W S Wk S s TR S e S S e N S e e v e S e denk Wl W S SER S e Aen . g — ) S

Load Centre Sri_Aman Sarikei  Kapit . Limbang
Site - - - SEK=-1 K/WIT - MUKOH MED-2 PASTA

Type of development RES RES RUN RUN** RUN
Installed . |
CapaCity (HW) Y 11.8 ’ 25.1 : 1.94 4:49 1254 .
Dependable | e :
output (MW) . 11.8 ‘25.1 1.94 4.49 8.5
Annual energy (GWh) ' _..'-
- Primary 51.9 _ 112.9 16.7 19.3 72.0
- Secondary o 3.0 .-10.9 0o 17.4 34.9.

‘Total . n,. B8.9 123.7 16.7 36.7 106.9
Construction cost - . e

(M$million) 117.6 270.9 21.3 51.1 86.0
Energy cost ' L ,
Ket present value¥ i ' o

(B~C) (M$million) -44.5 . =105.2 - +1.0 . +2.3 -1.1.
B/C* L 0,75 0.66 - 1.04 1.03 0.99
IRR (%) 5.5 . 5.0 10.8 10.8 9.8
Note: 1. SEK-1: Sekrang-1l K/’WIT : Kanowit

MED-2: Hedamit-z

-~ 2. RES _Resefvoir type development

RUN Run-of-river type development
3. . : Discdﬁnt iate : io% pér'annum
*k : Planned as a run-of-river scheme with regulating
pondage. S

~ 4. Energy cost: On basis that all energy is consumed.

(v)



TABLE S-2 ?RINCIPALVFBBTURBB'OP?BBLECTBD:PONTBRTIAL BITES

' o S < - - PONTENTIAL SITE _
DESCRIPTIOIN et e e e e e
: : o e MUKOH MEDAMIT-2 PASIA
Load centre KAPIT - LIMBANG LIHBANG
Power development: type Run-of-river Run-of-river _Run—ofuriver
- : with regulating
_ pondage
Distance from load _ o
centre (km) 25.0 45.0 ... .. . 61.0.
River basin.- (intake) S. Mukoh = - S. Medamit S. -Pasia
_ (powerhouse) S. Mukoh - 8. Limbang B. Trusan
Catchment area (sq.km) 292 186 - 177
Average run§ff (cms) 26.5 - 14.0 1350
Peak discharge (cms) 7.4 7.8 - 5.3
Firm discharge (cms) 7.4 3.9 3.6
Riverbed elevation(El!m) 77 134 saiae L 674
Full supply level (El;m) 80 . Co147.2 0 . 2877
Tail water level (El;m) 45 - 70 366
Gross head L {m) - 35 T 77.2 311
Power output (peak) {MW) L 1.94 o 4,49 12.4
" (firm) (MW) - - 1.94" . 4,49 .. - .. B.5
Diversion weir , o R R
- Height (m) 7 ' o 21 0 e s -6
- Crest length (m) 60 102 ' 40
Headrace {(m)--1,660. . - . 4,400 - ©.. 3,800
Penstock {m) .- .- 40 e 30 RO 950
Turbine/generator (MW) 2nes.x 0.97 2nos.x 2.25 2nos.x 6.2
Access road =~ - . (km) - 6 - ¢+ . & .1 - . 20
Transmission line e e
~ Length (¥m) 25 60 110
- Capacity = . (kv) 330 0 s 66 66
Land compensation {ha) Nil Nil Nil

. o U s VI AL S S S e €30 . iy T S s G A e o VY S (I M S Sy S ST MM O e T S S T D A AP SOV S G A G G A A Db S G S S e e e
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CHAPTER 1.  INTRODUCTION

1.1 Bacquound of Btudy

The State of Sarawak is 1ocated in the northern part of the
Borneo Island with a latitude in a range from 1 to 5 North and
a longitude from 110 to 115 East. The total land area is
124,450. sg.km. Alluvial and coastal plains mostly extend over
its northeastern part and are intersected by numerous - rivers
flowing from hilly and mountainous hinterlands in the southwest.
The climate is classified into the tropical rain forest zone
characterized by constantly moist days all the year round. Air
temperature and relative humidity are normally high with 1little
variation.

The abundant ralnfall of 3,700 mm per annum on an average
and suitable topography bring a great hydropower potential.
Economlcally exploitable hydropower potential is estimated to be
approximately 63,000 GWh per annun, correspondlng to about 53 per
cent: of that of the whole of Malaysia.

The hydropower potential in the State of Sarawak however
remains untapped, altheough Batang Ai Hydropower Project with
installed capacity of 108 MW was completed in 1985 as the first
major hydropower plant in the State of Sarawak.

.~ In the State of Sarawak public electricity is supplled by
Sarawak Electricity Supply Corporatlon (hereinafter called SESCO)
through. a number of - isplated power supply systenms. The power
generation mainly relies on diesel and gas-turbine. In 1984,
SESCO operated the power plants with total installed capacity of
229 MW and produced the annual energy of 601 GWh as given in
Table 1.1. Pegak power demand and annual energy preduction
increased at a growth rate of about 13 per cent per annum on an
average during a 10-year period from 1975 to 1984. With  the
commissioning of Batang Ai Hydropower Project, the total
installed capacity and total energy generated by SESCO expanded
" to 352 MW and 704 GWh in 1985, respectlvely In July 1986, SESCO
operated 60 power plants as shown in Fig.1i.1. ' :

. The- Government of Malaysia has establlshed its energy pollcy
for the perlod from 1986 to 1990 in the Fifth Malaysian Plan
formulated in 1988, The Plan stresses the four-energy
diversification strategy; namely, o0il, hydro, gas and coal, aimed
at ensuring reliability and security of supply, while reducing
the dependence on-0il in energy consumption. The objective of
this strategy.is primarily to utilize indigenous non-oil energy
resources, particularly gas and hydropower. In line with the
.energy policy, SESCO has planned to harness the abundant
hydroelectric resources in Sarawak in an attempt to reduce the
. over~dependenice on fossil fuel for generation of electricity
whenever possible and feasible.



‘The Fifth Malaysian Plan also refers to the energy policy of
the State of Sarawak as follows: S

The energy generation capacity of SESCO will' reach 1,600
GWh/year by 1990 compared with 704 GWh/year in 1985. The
main project that will be implemented is the Ulu Ai
Hydroelectric Project with a capacity of 54 MW. To identify
potential projects worthy for implementation, several
feasibility studies are planned to be undertaken. These
include studies on &mall hydro  projects for Sri Aman,
Kapit, Sarikei and Limbang, and major hydro projects at
Murum, Baleh and Belaga. As the single most capital-
intensive component of the power sector development plan,
which requires large capital outlay, the Bakun Hydroelectric
Project will be carefully assessed in terms of financial
affordability and its impact on balance of payments prior to

decision of its implementation.

- . In July 1984, the Government of Malaysia requested to the

Government - of Japan ‘to -extend a technical assistance on the
feasibility study on small scale hydropower development for power
supply to three (3) urban areas; that is, Sarikei, Sri Aman and
Limbang. In response to this request, Japan International
Cooperation Agency (hereinafter called JICA); the officisl
agency responsible for the implementation of the technical
cooperation programme of the Government of Japan, dispatched a
contact mission to Malaysia during the period from January 24 to
February 6, 1985 and carried out a reconnaissance survey for Sri
aman. and Sarikei areas. During this reconnaissance survey, the
Government of Malaysia further requested to JICA to add Kapit
area as one of the objective areas. . E

JICA then dispatched again a preliminary survey mission to
Malaysia during the period from October 8 to 27, 1985. The
nission conducted a supplementary survey over Limbang and Kapit
areas and discussed with the Government of Malaysia about the
Scope of Works. o : SR -

. The Scope of Works of the Study was officially signed on the
date of August 8, 1986 between Economic Planning Unit of Prime
Minister’s Department (hereinafter called EPU) and JICA.
Immediately after, this Study was commenced on August 11, 1986.

1.2 Objective of Bstudy

. The objective of the Study is to formulate the - optinum
development  plan for small scale hydroelectric power projects to -
the following selected .areas: : Lo N o

A1) Sri Aman
(ii) Sarikei
(iii) Limbang
(iv) Kapit



and assess the technical, economic and financial viability and
feasibility of these projects, taking into account the pattern of
derived long term streamflow series, the predicted future power
and energy requirements until the year 2010 and the economics of
alternative generation metheds.

1.3 8tudy Area

The study area comprises the surrounding areas of Sri Aman,
Sarikei, Limbang and Kapit.

1.3.1 Sri Aman area

Sri Aman, headquarters of the Second Division of Sarawak, is
located on the Batang Lupar about 85 km upstream from the sea and
192 km from Kuching. The land area of Sri Aman District is about
4,406 sg.km and a total population was 69,871 in 1980. The
installed capacity and total generated energy in electricity in
1984 were 3,104 KW and 10,074 MWh, respectively.

1.3.2 Sarikei area

Sarikei, headquarters of Sixth Division of Sarawak, is
located on the Batang Rajang about 40 km upstream from the sea
and 150 km northeast from Kuching. The land area of Sarikei
District is about 1,715 sg.km and the total population was 43,957
in 1980. The installed capacity and total generated energy in
electricity in 1984 were 4,875 KW and 10,735 Mwh, respectively.

1.3.3 Limbang area

Limbang, headguarters of Fifth Division of Sarawak, is
located on the Sungai Limbang about 10 km upstream from the sgea
and 700 km northeast of Kuching. The land area of Limbang
District is about 3,978 =sq.km and the total population was 25,223
in 1980. The installed capacity and total ‘'generated energy in
electricity in 1984 were 2,535 KW and 9,432 MWh, respectively.

1.3.4 FKapit area

Kapit, headquarters of Seventh Division of Sarawak, is
located on the Batang Rajang about 200 km upstream from the sea
and 300 km east-northeast from Kuching. The land area of Kapit
District is about 15,597 sqg.km and the total population was
38,429 in 1980. The installed capacity and total generated energy
in electricity in 1984 were 1,164 KW and 4,209 MWh, respectively.






CHAPTER 2. 8TUDY PROCEESS AND AFPPROACH

2.1 S8tudy Stages

The study is scheduled to be carried out for a period of

twenty—one (21) months from August 1986 to April 1988 through the
following three (3) stages: .

(1)

(2)

(1) Identification stage : Augﬁst 1986 - November 1986
(2) Field investigation stage December 1386 - August 1987
(3) Feasibility design stage  June 1987 - April 1988
Identification stage o

The identification stage covers a 4-month period from
August - to November. 1986. Its main works are to identify
potential sites in the vicinity of the respective objective
areasg and to select an optimum development site for each
objectlve area among the potential sites based on the revzew
of previous studies, field reconnaissance, and economic
comparative study. The Government of Malaysia will then
determine the best site(s) (hereinafter called the Selected
Site{s)) in consultation with JICA which will be subjected
to subsequent field investigation and feasibility study.
Upon decision of the Selected Site(s), detailed
investigation programme and technical specification will be
prepared for various field survey and investigation works.

This Volume VII with the supportlng report ‘of Volume VIII
covers an output of this study stage.

Field 1nvest1gatlon stage

The field 1nvestigatlon stage is to carry out such field
survey and investigation works as topographic survey,
geological - investigation, seismic prospecting, construction
material survey including laboratory test, establishment of
stream gauge station{s) and stream flow and sediment tran-
sport measurements for the feasibility study on the Selected
Site(s). Such survey and investigation will be carried out

- in accordance. with the field investigation programme and

technical specifications by local firms selected through

competitive bids by SESCO. The JICA study team will provide

technical guidance together with the SESCO’s counterparts
for the respective works. In addition, the JICA study team
will carry out the power market survey, reconnaissance on
environment, meteo-hydrological analysis, etc. The field

investigation stage will cover a 9-month period from

December 1986 to August 1987, out of which initial 5-month
period is for bidding and contract awardlng by SESCO.



(3) Feasibility design stage:

The feasibility design stage will be commenced in June 1987
and be completed in April 1988 upon submission of a final
report. The draft final report will be submitted to SESCO in.
2-month advance in February 1988. Main works during this
stage are to conduct the feasibility design of the project
facilities, cost estimate, construction planning,
preparation of construction tlme achedules, and economic and
financial analyses.

General flow of the Study is shown in Fig.2.1.

2.2 8tudy approach
2.2.1 Load demands in each study area

It is foreseen that a huge amount of investment and a long
perlod would be required to realize the power generation
expansion programme formulated by the Master Plan for Power
System Development. In meantime, SESCC contemplates to develop
small scale hydroelectric projects, which would possibly be iden-
tified in the proximity of relatively large load centres in order
to reduce reliance on the high cost diesel. This study focusses
to identify an optimum site for each selected load centre and to
verify technical and economic feasibilities of the optimum sites.

The Scope of Works sets forth that;

"Selection of one optimum s1te, among the potential sites,
which meet the existing and forecast load demand for each of
the four selected area viz. Sri Aman, Limbang, Sarikei and
Kapit shall be made"( refer to Item (4)-(a) of Clause III).

According to data available so far, thé present and-
forecasted lcad demands are as follows. : '

{ Units- MW in peak and GWh in energy )

-k T A s o ——— D T b ok i S —

e i e et e~ . e K S A o S 2 T S e

Load = - - 1985 1990 2000 - 2010
Centre Peak Energy Peak Energy Peak Energy Peak Energy

A . VR OED NP S O i ik e e e R K7 K M ) S S v T U A A i S S i St Gk e Wil it sy N W Y G WD SR D P W S RS P YR U N D TN O

Sri Aman 2.0 10.2 3.4 i7.1 B.6 42.4 17.0 83.3
Limbang 2.0 10.6 3.2 16.5 7.0 34.9 12.4 61.8
Sarikei - 3.0 13.4 5.0 23.0 13.0 60.0 27.0 126.4
- Kapit: 1.2 5.0 1.6 6.8 2.5 11.0. 4.2 18.0

——— e Y W S S e e w—— el O —— —— . — G . CH A D U T e s W — TS WS SHE A M G S TR U Y NP SN NS SRR Al e s

Note: (1) The 1985 figures are of actual records.
(2) Forecasted energy is expressed in terms of energy
- generated. : : o

Source : SESCO’s latest forecast



2,2.2 8Screening of schemes

‘In order to select an optimum site for each objective load
centre, the relative merit of sites was evaluated through multi-
stage screening process. The screening process comprises three
(3) stages. The number of the potential sites is reduced
successively at each screening process, however, the contents and
profundity of study are increased.

The first screening aims at choosing such potential sites
that would be subject to field reconnaissance. The second
screening is mainly based on the results of field reconnaissance
survey,. which would be carried out placing emphasis on technical
aspects in particular to observe whether or not the schene
involves any difficulty. The third screening is the final step
to define the optimum site for the objective load centres among
the sites scrutinized through the first and second screening
procedures. The screening at this stage is dependent on the
several economic indices. _

2.3 Work of Site Identification
2.3.1 Identification of.potential sites and screenings
A general work flow of thls Identlflcation Study stage is
shown in Fig.2.2. Outlines of major activities are stated below.
Details of finding from the studles are presented in succeeding
Chapters,
(1) Data preparation
Dafa énd.infdrmation other thén‘thosegprevidusly collected
by the JICA’s contact and preliminary survey missions will
be additionally collected and reviewed. They include;
(a) Topography
| -:Topographic maps on the scale of 1 to 50,000
- = Trigonometric stations and bench marks
{b) Geology
- Geological maps coverlng the Study Area
-_--.Previous lnvesthation reports lncludzng the results
of core boring, soil mechanics test, rock test, etc.
in the vicinity of the Study Area

- Previous investigation reports on landslide and fault

- Earthquake records



(2)

(3)

(4)

{c} Meteo-hydrology

-~ Méteo~hydrological records in and around the Study
Area ' ' '

- Sediment transport and deposit records in and around
- the Study Area : '

-~ Water quality records in and around the Study Area

'Identification of potential sites

The potential sites are firstly identified on the basis of
map ‘study and their technical soundness is then evaluated

' from the veiwpoints of topographic and geolegical conditions

and availability of meteo-hydrological data. Several poten-

-~ tial sites are identified for each objective load centre.

Preliminary hydrolbgical analysis

Hydrological analysis for the potential sites is
preliminarily made using the available meteo-hydrological
data. The specific aims are as follows:

{a) _Assessment of'hydrological and meteorological data and
selection of applicable data to the potential sites,

(b) Analysis of daily runoff 'sequence at selected water
level gauging stations, o

(c) Estinmation of representative dimensionless flow
duration curve and dimensionless storage draft curve
to be applied to the potential site, :

(d) ‘Assessment of the evapotranspiration amount for the
potential sites, :

(e) Estimation of mean annual runoff for the potential
gites, and ' _

(f) Assessment of the sediment load for the potential
sites. '

Preliminary power output calculation

Power output potential at each site is then computed based

on scheme layouts preliminarily examined in the map study
and hydrological information derived above.



(5)

(6}

(7)

(8)

First screening evaluation

The first screening aims at choosing such potential sites
appeared to be worthy of subsequent field reconnaissance.
The criteria for the first screening consist of the
following four (4) items;

(a) Remoteness of proposéd-sités

(b) Influence on waterborne traffic

(c) . Power output potential

(d) Compensation and resettlement regquirement.

Field reconnaissance

The field reconnaissance is carried out basically for all
the potential sites which have passed the first screening
evaluation. The purpose of field reconnaissance is to
observe the site condition for the following particulars:

- Confirmation of location. |

- Transportation-and accessibility

- Geological conditlon of surface

- Avallablllty of constructlon materlals

~ Streamflow condition

~ Any particular difficulties wh;ch may be involved.

Prellmlnary flood analysis

Flood ana1y31s is to estlmate the de51qn flocds for
preliminary planning of spillway and river diversion works

‘for each potential site. The probable flood hydrographs for

various return periods are establlshed by the synthetic
unitgraph method. The probable maximum floocd (PMF) is also
derived for each potential site examined in the second

- gcreening.

Second screening evaluation

The second screening 1is to examine social and technical
problems involved in the scheme, mainly based_on the results
of the field reconnaissance. As far as no serious problenm
is observed; the potent1a1 sites are  further passed to the

“third screening.



2.3.2

(1)

(2)

Selection of optimum site

Basic layout plan

Preliminary layout plan is prepared for all potential sites
which are passed to third screening by applying unified
design criteria. The findings through site reconnaissance
are also incorporated in the layout planning. The
development scheme will be either of the following types:

(a) Run-of-river type'developmentf

(b) Reservoir type development.’

Power output calculation

Power output for each potential site is re-calculated
incorporating the findings in the field reconnaissance, in
particular power head available at the site. :

Annual energy output calculation for the -third.‘écreening

(3)

(4)

should include the secondary energy. The annual total
energy, which consists of firm and secondary energies, is
examined for nine alternative cases varying dam height and
maximum discharge in case of reservoir type development.
While in case of run-of-river type development; - the annual
energy is estimated varying the plant factor.

Project cost estimate

Cost estimate is made based on data derived from basic
layout plan and cost data such as unit prices of respective
work items of the similar projects in Sarawak. General
consumer price index and construction price index of the
reinforcement bars and cement since 1979 'are applied to
adjust the unit costs to 1986 price level.. ' -

Work quahtities applied to the cost'eétimates are calculated
either from layout drawings or using  the quantity formulae
as appropriate. o o o .

Total construction cost is estimated in Malaysian dbllars by
summing up cost of major project components including
compensation and land acquisition. = - oo , : )

Hydropower benefit «

‘The study - assumes that the 'benefiﬁ-bfyhydfopowér aéérues

from saving in costs of the most-likely thermal alternative.



{5) Third screening evaluation

An optimum site for each objective load centre is determined
taking into account the following parameters:

(a) Power-generation cost per Kwh
(b} Net benefit (B-C)

- {e) Internal rate of return (IRR).






CHAPTER 3. BASIC STUDY DATA

3.1 Previous Studies on Hydropower Davelopment

The identification of potential hydropbWer development sites
much owes to the previous power development studies. Brief
outlines of the previous studies are summarized hereunder.

(1} Colombo Plan, Hydro—Electrlc Survey, Sarawak, Report on
: Prellmlnary Survey, Harch/April 1962

The study was conducted during the peribd from March to
April, 1962 under assistance from Australia, aiming at
establishing a programme on collecting and recording of
necessary data for use at a later stage in planning of
the development of the considerable hydroelectrlc
potential in Sarawak.

Theoretlcal hydroelectric-potential in Sarawak is
estimated to be approximately 192,000 GWh, of which
roughly 20 per cent could economically be developed.
Nineteen sites were preliminarily studied and they were
finally classified into 3 categories; uneconomic (7
sites), marginal (9 sites) and economic (3 sites).

{2) Batang Alf Hydroelectric Project, Feasibility Report,
December 1978, Snowy Hountalns Englneerlng Corporation

This report sets out the best form of development of
the Batang Ai Hydroelectric Project together with the
physical features and the economics of the recommended
plan. The salient features of the recommended plan are
as follows: '

River : o :+ Batang Ai
Main and Lima Saddle Dans
Type : Rockfill with
, " concrete face
" Crest elevation : El.lis.0 m |
Maximum height : 85 m
: 5.3 MCH

Volume of embankments

sSaddle Dams :
Height Volume
26 m 0.3 MCM
40 m 1.3 MCM
minor structure
minor structure

Sebangi (earthfill)
Bakatan (earthfill)
Pan ‘(earthfill)
Sekabo  (earthfill)

Reservior

Catchment area = _
Average annual inflow -
Full supply level (FSL)

1,200 sg. knm
121 cms
EL 108 m



“j3)

(2)

(5)

Minimum operating level (MOL) : EL 98 m
Gross storage at FSL : 2,380 MCHM
Active storage : 750 MCM
Power Station

~Number and rated capacity of unit : 4 x 23 MW
Average annual energy output : 580 GWh
Capacity at MOL : s 84 MW.

The construction of the Batang Ai Hydroelectric Project
was successfully completed in 1985 and the powver
generated by the project is being eupplled to Kuching
through a 275 kV transmission line.

Preliminary Survey of Hydro~Electr1c Potential, Sarawak

-December 1877 (Rev1sed January 1979), SESCO

The study was carried out with a veiw to locatlng large
potential hydropower sites and to formulating a

national - policy to- develop abundant hydropower

reserves, All major rivers are 1nvest1gated e.g. S.
Sarawak, B.: Sarlbas, B. Mukah, B. Rajang, .S. Trinjar,
S. Tuthoh, B. Baram, S. Limbang, s. Trusan and B.
Lawas. Forty-two hydroelectric schemes are identified,
all of which are of reservoir type development. Their
total output amounts to 10, 870 MW.

Preliminary . Investlgatlon _of ‘Mini-Hydroelectric
Potential of Sarawak, February 1980 SESCO :

In order to attain successful 1mplementatlon of Rural
Electrification Programme, development of mini hydro

‘schemes with installed capac1ty of 5 kW to 1,000 kW is

regarded in this investigation.

Throughout - Sarawak, 320 possible mlni hydro schemes are
so far identified on the basis of map study, of which
60 sites are considered. highly favourable for
feasibility study.

Haster Plan for Power System Development, April 1981,
German Agency for Technical Cooperation Ltd.

The study was conducted during the period from December
1979 to March 1981 and its main objectives were set
forth below:

- Master plan for the power system ‘development in
Sarawak, with main emphasis on the .survey of
hydroelectrlc potential, L

- Feasibility study of the best hydroelectric project
- and associated high-voltage direct current (HVDC)
transmission line to Peninsular Malaysia.



Systematic power demand forecast was elaborated up to
the year 2010 over Sarawak, Peninsular Malaysia, Sabah,
Singapore, Brunei and Xalimantan in view of marketing
the Sarawak’s excess hydroelectric power.

The hydroelectric survey over Sarawak identified 155
possible projects, ranging from 26 MW to 4,590 MW in
- terms of installed capacity. All the possible sites
are considered to be developed with storage type with
maximum dam height and their power output is calculated
at a plant factor of 0.5. Various technical and
economic assessment was worked out and finally eleven
gsites are selected to be most promising properly from
the engineering viewpoint. out of the eleven
- promising sites, s8ix sites are located in the Upper
Rajang River Basin. The most optimum power expansion
programme is determined to be formulated in accordance
with the Power Demand Scenario "“H", which comprises
Sarawak, Sabah and the HVDC supplies to Peninsular
Malaysia. The programme includes such hydroelectric
projects as Raja 284 (Midi Pelagus), Balu 037 (Bakun),
‘Muru 40 and Bela 010, all located in the Upper Rajang
"River basin. Salient features of the proposed
hydroelectric projects are as follows: ' '
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-Deécription Pelagus Bakun Muru 40 Bela 010

River | Réjang Balui  Nurum Belaga
Reservior

Ave. annual inflow (cms) 2,006' 1,560 310 230

Full supply level (El:m) 57 228 531 188
Active storage - ~ (MCM) 3,000 27,100 6,000 6,800
~ Surface area, at FSL(sg.km) 380 730 210 390

Power Station

Mean Net head (m) 37 159 201 112

Installed Capacity (MW) 770 2,580 940 260
Guaranteed Output (MW} 710 2,260 790 240
Energy output {GWh)
 Firm 4,900 17,200 6,500 1,800
Non-firm 500 900 100 -
Total 5,400 18,100 6,600 1,800
Cost -
capital Cost (million M$) . 1,480 2,690 1,080 730

Energy . cost (M$)  0.041  0.023  0.023 0.053

T D A G T o kil D T M) S BT e S T e ) WU TS S S A S S ST AT S S A P i sk GAS T Rk A A W S G T LD O AP T W



(6) Mini-Hydro Project, (Sabah and Savrawak), Final Report,
May 1982 _ ' :

This study comprises full feasibility studies of mini-
hydro potential in the States of Sabah and Sarawak and
detailed design and costing of 20 mini~hydro projects.
‘Development scale of mini-hydro is limited within a
“range of 50 to 1,000 kW. In total 48 possible sites
were firstly identified in Sarawak. Within sarawak,
the under-listed 10 mini-hydro schemes are finally

selected: -

Scheme o - Division Gross Head Installed
Code Name ' ' (m) Capacity (kW)
1003 Sebako 1 117 2 x 300
1006 Lundu 1 238 ix 300
1008 Semadang 1 34 2 x 100
2002 Batu Lintang 2 10 2-x 50
3004 Wong Silau 3 4 2 x 75
4009 Kejin . 4 146 2 x 200
5004 Kalamuku 5 277 2 x 500
5011 Mediou 5 49 1 x 150
5019 Saliban 5 35 2 x 95
7001 Giam 7 66 1x 75
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out of the above schemes, Kalamuku, Sebako, and Lundu
schemes have been realized and Batu Lintang, Semadang and
Saliban schemes are under construction.

j(7) Bakun Hydro-Electric Project, Feasibiliﬁy Report,
November 1983, German Agency for Technical Cooperation
Ltd. .

The study was carried out following to the "Master Plan
of Power System Development”. The main features of the
proposed project are as follows: :

River Batang Balui
Reservoir

Catchment area 14,750 sg. km

Average annual inflow : 1,440 cms-
Maximum water level (MWL) : El.230.6m
Full supply level (FSL) : El.228.0 n
Minimum operating level (MOL) : E1.175.0 m
Gross storage below MWL ©t 45,400 MCM
Active storage : 27,500 MCM
Surface area at MWL : 710 sqg. km



Main Dam '
Concrete arch with

Type :
double curvature

Max. height : 204 m

Crest length ¢ 1,100 m
Concrete volume - : 3.9 MCM

- Power Station :

Number and unit capacity : B x 300 MW
hverage annual energy output : 18,000 GWh
Power Transmission Line ,
Sarawak-Sabah-Kalimantan := 132 kV with 95 kn
interconnection long,

- 275 kv double
circuit with 450 km
long -

- Two parallel 500 KV
single circuit, 665

km long
Sarawak-West Malaysia - 400 kv HVDC
interconnection overhead lines with
. 675 km long

- Four HVDC submarine
cables each 375
MW capacity and

- 325 km long

- 400 KV HVDC over-
head lines, with
325 km.

(8) Preliminary Appraisal of Ulu Batang Ai Hydro-electric

Project, May 1984, SESCO

In order to meet the medium term power demand for Kuching
prior to the commissioning of Bakun Hydro-electric
Project, developemnt of Batang Ai basin is envisaged.

The Master Plan for Power System Development has pointed
out seven possible hydroelectric projects in the Upper .
Batang Ai basin. Economic comparison among the seven
projects was elaborated and as the result, it was
recommended that feasibility study of Ulu Batang Ai
Project be undertaken as soon as possible,



3.2 Topography and Geology
3.2.1 .Topbgraphic maps

Topographic maps of the State of Sarawak are_underwthe control
of Land and Survey Department (hereinafter called L&S ).

The topographic maps available for the study area are listed

below:
_________ area  Seale  Nos. of sheet
1 Whole Saraaak 1:2,000;0§0 ‘ 1
2 - do - 1:1,670,000 1
3 - do - © 1:1,000,000 : 1
4 - do - ~ 1: 500,000 4
‘5 Study Area 1: 50,000 45
- Sarikei and Sri Aman areas (16)
- Limbang area {13)
- Kapit area _ (16)
6 Study Area 1:  10,000(%) 10
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(*}) Topographic maps on the scale of 1 to 10,000 are being
prepared by L&S. :

3.2.2 Prev1ous geologlcal studles

Reglonal geology of the State of Sarawak is referred to "The
igneous rocks of Sarawak and Sabah" and its attached geological
maps on a scale of 1 to 50,000  published by Mr.H.J.C.Kirk in

1968.

Sarawak is. located .in her most part on "the . belt of the
Northwest Borneo Geosyncline, or the Sibu. and Miri Zones. The
rocks older than the Upper Cretaceous are cropped out only in the
Kuching Area west from the Lupar River in West Sarawak.
Geological structures are strongly controlled by the trend of the
geosyncline and the arcuate zones of the craton in the areas of
Northwest Borneo Geosyncline and West Sarawak. .

Development of Northwest Borneo. Geosyncline started in the
late Cretaceous, Initial sediments of shales, siltstones, sand-
stones, greywackes and conglomerates, with cherts and ophiolitic
rocks are developed north of the Impar River.



Main parts of the Northwest Borneo Geosyncline are
represented by the provinces of the Rajang. Group in Central
Sarawak and the Crocker  Formation and others in Sabah. The
Rajang Group is extensively developed in and around the Rajang
River basin in more than 170 km wide belt, composed of hard
sandstones, shales, siltstones and slates with some conglomerates
and limestones of Upper Cretaceous of Eocene.

The Sibu ZOne, the northern belt adjacent to the Kuching
Zone, is the core of the Northwest Borneo Geosyncline, consisting
of the Upper Cretaceous to Eocene flysch with the Miri Zone which
is composed of areno-arglllaceous and calcareous sediments formed
in shallow sea environment during the period of HMiccene to
Pllocene.

3.2.3 Seismicity

Since the Seismological Division was set up in 1973 under
the Malaysian Meteorological .Service (hereinafter called MMS),
four (4) seismological stations have been established to monitor
earthquake actxvxtles in and around Halaysia.

- - Before. 1973 1nfcrmat10n on earthquake “and tremors were
solely based on news reports and some published articles. Out of
a total of about 5,000 earthquakes for the period from 1900 to
1376, about 1,000 were located over the Peninsular Malaysia
region, while the rest were in Sabah and Indonesian Borneo island.

MMS concluded the macro- seismic study on the State of
Sarawak as follows; ,

"Sarawak is-coneidered'seismically stable. There were only a
few cases of slight tremors recorded in this state."™

3.3 Meteorology and Hydrology .

3.3.1 Meteorological data -

- Most of the meteorological data are collected principally by
MMS. The service of MMS operates five (5) first-order
climatological stations at Kuching, 8ibu, Bintulu and Miri
Airports and Sri Aman. Sri Aman station has been newly
established in 1982. Elements measured are wet and dry bulb
temperatures, relative humidity, barometric pressure, surface and
upper winds, evaporation, rainfall and hours of sunshine.

3.3.2 Hydrological data
- The collection -of hydrologlcal data has been malnly carried

eut by Drainage and Irrlgation Department { hereinafter called
DID ). _



DID was established in 1967 from a branch of the Public
Works Department. As of March 1986, there are 143 functioning
rainfall stations of which 64 have recording gauges, 21
evaporation stations and 51 functioning water level stations of
‘which about half are automatic recording: statlons, under the
control of DID. DID alse carries out regular ‘digcharge
measurements at about the half of water level stations for the
establishment of stage-discharge relationship. The small number
of sedinment samplings has béen made. -A considerable amount of the
basic hydrological data- compiled by DID has been stored in the
computerlzed data bank. '

3.4 Socio-economy and Power System

3.4.1 Sccio-economic data

- Socio~-economic data were mainly collected based on the Fifth
National Plan published in 1986 and Annual Statistical Bulletine
Sarawak, 1984 published by the Department of Statlstlcs.

The population in Sarawak was 1 31 m1111on in 1980 Census
and the average annual growth rate was . 3.0% between 1970 to 1980.
The population density rose from 7.8 persons/sg.km in 1970 to
10.5 persons/sqg.km in 1980. The population in 1990 was -estimated
to grow at the average annual growth rate of 2 5% The prOJected
population is 1,75 million in 1990. :

" Gross domestic product (GDP) grew from M$2,980 million in
1980 to M$4,652 million in 1985 in factor cost at 1978 ‘constant
prlce with the annual growth rate of 9.3 per cent.  Per capita
GDP in 1985 was M$3,085 in 1980 in factor cost at 1978 constant
price with ‘the average annual" growth rate of 6. 1% between 1980
and 1985. The mining and guarrying sector grew rapidly at 14.9%
which is the highest in Malaysia. The per capita GDP  is
estimated to grow at 2.7% per annum by 1990, higher than the
national average of 2,4%.

Major land use patterns in 1984 were forest land of 94,376
sg. km, grassland of 800 sg.km, annual and perennial crop land of
4,700 sq.km, shifting cultivated land of 18 500 sq km and
mlscellaneous land of 6,100 sq. km. '

There.existed'lsl,soo hactre of paddy cultivation areas -in
1983/84 consisting of wet paddy field of 76,500 hactre. Domestic
production of rice in 1983/84 was 200,400 tons, belng composed of
wet paddy rice of 149,200 tons- and hill ‘paddy ‘rice of 51,200
tons, which covered 71. 3% of the total rice consumed in the State
of Sarawak.

‘Exports of goods and commodities from the State of Sarawak
had been growing steadily over the years, The major export items
include petroleum products, forestry products and - agricultural
products. Since 1983 export of ING constituted a new important



agricultural products. Since 1983 export of LNG constituted a
new important export item. Inports of goods are in general
growing over the years in line with the expanding needs of the
population and development requirements. In 1984, the balance
of trade was registered a surplus of M$4,111 million; that is,
import of M$3,538 million and exports of M$7,64% million.

. Consumer price index has been increased with annual rate of
4.1% on an. average between 198C and 1984, The consumer price
index consists of two main index; namely, food and durable
goods. The former was 121.1 and the latter was 112.9 at
December 1984 from a designated period from 1980, which equals
100.0. The consumer price index in 1984 is listed below:

 Consumer Price Index in 1984 ( 1980 .= 100.0 )

Description Weight Index

A.0 Food © 43.8 122.5
Foed at hone (40.7) (120.9)
Feood away from home { 3.1) (142.9)

A.1 Beverages and Tobacco 3.8 142.3
A.2 Clothing and Footwear 4.0 112.9
A.3 Gross Rent, Fuel and Power 18.3 128.0
A.4 Furniture, Furnishing and Household 5.2 113.4
‘A.5 Medical Care and Health Expences 1.1 118.5
A.6 Transport and Communication 12.4 124.5
A.7 Recreation, Entertainment, etc. 5.5 . 106.9
A.8 Miscellaneous Goods and Services 4.9 117.4
' ) 100.0- 122.5
B.0 Durable Goods o : 11.4 112.3
B.1l Semi-durable Goods 6.2 111.6
B.2 Non-durable Goods E3.8 122.8
B.3 Services. : 28.6 128.5
100.0 122.5
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3.4.2  Power supply system in whole Sarawak

~ In the State of Sarawak, the Sarawak Electricity Supply
Corporation (SESCO) has been responsible for supplying due power
energy to the consumers in line with the Ordinance established by
the Government of Malaysia. The power supply to a number of the
isolated demand centres is mainly generated by the diesel
engines as well as gas-turbine units., However, the first large
scale hydropower station in Sarawak, Batang Ai, with the
installed capacity of 108 MW, consisting of 4 units, has already
been put into the commercial operation in 1985. ' -

Data with regard to the SESCO’s existing power facilities
and the situation of the power market by the end of 1985, which
are collected in this identification study stage are summarized
as follows: :

(1) Power generating facilities

By the end of 1985, SESCO has constructed and operated a
large number of power stations with total capacity of
-348,699 kW so as to suit with growing power demand, and its
progress from 1982 in major ten service areas is described

helow:

Installed Capacity in Sarawak :

' - (Unit:kw)

Service Area 1982 1983 1984 1985
"1." Kuching 77,414 91,548%  103,324% 210,908%
2. Sibu 31,560 31,560 31,560 47,560
3, Miri 32,150 31,05¢ 41,950 41,950
4. Bintulu 22,991 20,664 . 20,376 19,776
5. Sarikei 3,295 4,415 4,415 4,415
6. Sri Aman 2,474 2,534 2,534 4,184
7. Limbang 2,535 2,310 2,535 3,585
8. Kapit 1,054 1,254 1,164 2,363
.9, Marudi 954 879 943 1,280
10. Lawas _ . 655 786 1,775 1,775
Total

(For Whole Sarawak) 183,646 196,599 221,518 348,699
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Remarks :

1. *Inclusive of Batang Ai
2. These Treadings do not include generating units which

have been retired.
3. Source : As per SESCO Annual Report (commercial office).
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(2)

(3)

on the other hand, the breakdown of generating schemes as of
March 31st, 1986 is as shown below:

(a) Diesel : 51%
(b) Gas-turbine : 21%
(e} Hydro :  28%
{d) Total : 100%.

The energy generated at Batang Al hydropower station is
consumed mostly as base load in Kuching area. Gas-turbine
energy has been supplied to Kuching, Miri and Bintulu areas
cnly. The remaining arsas including the selected four load
centres have been supplied the power from respective diesel-
engine generator sets installed for each isolated grid.

Power transmission and distribution

In combination with the development of Batang Ai project, a
275 KV transmission line with a total length of 215 km has
been constructed at the same time, and it will become a part
of the main artery in the power system of the Sarawak in
near future. _ : '

For power distribution, it is prbvided with the voltage of
33 kV, 11 kV and 6.6 kV, and power ocutlet used by consumers

'is normally wired with the rating of AC 50 Hz, single/3

phase, 230/400 V. According to SESCO Annual Report for the
year of 1983, a total length of the existing distribution
lines is as shown in Table 3.1.

Most part of these distribution lines, except for some areas
(such as river crossing and wmajor town areas), are
supported on wooden (Belian) poles.

. Energy generated and sold

Tables 3.2 to 3.4 present thé situation of electric supply
services under the operation of SESCO.

As shown in the above tables, an average growth rate of
the energy dgenerated and sold over the past five years was
13.1% and 11.8% per annum, respectively. Details of the
energy generated and sold, the installed capacity and
maximum demand are shown in Appendix VIII of Volume VIII.

In 1985, a total value of system losses and station uSes was

- '123,696 MWh which corresponds to 18.8% of the annual energy

production. Annual load factor in whole Sarawak was 56%.
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(4)

(5)

3.4.3

(1)

(2)

Power consumption

The power consumption is classified into three major
categories, i.e. <Commercial and Industrial, Domestic and
Public Lighting uses, and their shares are given in the
Annual Statistical Bulletin, Sarawak 1984 as follows.

{a) Commercial and Industr1a1 use : 70%
{b) Domestic use 3 29%
- {c) Public lighting use S
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:Number of COnsumers - is approximately 1ncreasing annually at

a rate of 11i-12% as shown in Table 3.5.°

Private power sector in Sarawak

There are a few private power sectors as listed in Table

3.6. However, the power supplies are llmlted to the
operatlon of their own factorles.

Present situation of study areas

The pféseﬁt sltuation of ‘the selected four load centres,
i.e. Limbang, Kapit, Sarikei and 8ri Aman, is as follows:

Péwer supply -
As stated in the above Sub-section 3.4.2, the power supply

to these centres relies only on  diesel engine . generating

units. The average growth rate of Limbang, Kapit, -Sarikei
and Sri Aman for past five years up to 1985 was 14.2%,

16.5%, 11.1% and 9.6%, respectively. The distribution

network consists of 11 kV overhead 1line and underground
cable with step down transformers ranglng from 16 kVA to

1,000 kVA. - \ : . o -

Appendix VIII of Volumé VlII'éontains a sihglerline'diagram

‘and typical :daily load curve of each demand centre. . It is

understood from the single line diagrams concerned that the
cqnsumption is remarkably concentrated in the city areas.

Hajor consumer in the selected four load ceﬁtrés

vThe share of power consumptlon by major _customers such as
- factory, - water pump: station,; broadcasting and etc. is

between 20% and 30%, and name of major consumers and their
monthly power consumption (kWh) are presented in Table 3.7.
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(3)

(4)

(5)

System losses and station uses

According to the operation records of Limbang and Kapit
power stations, the captioned losses have been clarified as
shown in Table 3.8.

From the table, the percentage of station uses and system
losses is 3.1% and 10.4% respectively in lebang, and 3.9%
and 6.4% respectively in Kaplt.

Fuel and lubricating oil consumption
Table 3.9 gives fuel and‘oil consumption records at Limbang

and Kapit power stations durlng a period from 1983 through
1986.

'Frcm the table, it is calculated that fuel and lubricating

0oil consumptions per kWh in Limbang were 0.30 litre and
0.0047 litre respectively, and 0.30 litre and 0.0024 iitre
in Kapit, respectively.

The fuel used by lebang and- . Sarikei is light Oll and that
by Sri Aman and Kapit is diesel oil. The lubricating oil
used is either Rimula X-30 or Rotela 30.

Fuel. cost per energy generated (kWh) of ges, diesel and
light fuel is estimated from the SESCO statistical data as

-follows;

-(a) Gas :. 5 M cent/kWh
(b} Diesel oil : 18 M cent/kWh
(¢) Light oil ¢ 12 M cent/kwh

Engine maintenance schedule

The maintenance of engine is carried out periodically in
accordance with runnlng hour criteria which consist of
three steps as mentioned below:

(a) Lub. 011 change
© in Limbang
in Xapit

every 1,200 - 2,000 hours
every 800 - 1,500 hours

(b) Top overhaul
.- in Limbang
in Kapit

every 4, 500 hours .
every 3, 000 ~ 6,000 hours

{(c) Conmplete overhaul
in Limbang
in Kapit

every 18,000 hours
every 12,000 ~ 15,000 hours.

3-13



(1)

In the top overhaul, items to be inspected are piston ring,
piston, big end bearing and cylinder liner, etc. and these

- plus main bearing are disassembled and checked -thoroughly

during the complete overhaul. Generally, time necessary for
the latter work is approximately 7 ~ 10 days. T

" 3.4.4 Power expansion programme

Generating facilities

SESCO intends to install more than 100 generatihg units with

“‘an output capacity of 63,022 kW in total. by the end of
© 1991, and these units are mostly gas turbines and- diesel

engines. The plan also includes 3 mini-hydropower ~“stations
with a total capacity of 450 kW. Further 3 mini-hydropower

. schemes have  been  planned as a role of the Rural

' Electrification Programme to be realized within the period

(2)

of Fifth National Plan.

Details of the power expansion programme up to year 1991 and
the relationship between the said programme and the forecast

"peak demand are shown in Table 3.10 and Fig.VIII.13 of

Appendix VIII (Volume VIII). In the selected four load
centres, the expansion of supply capacity is scheduled in
Limbang and Kapit, while no addition is planned in Sarikei

and Sri.Amgn.f'

Transmisgeion line and switching station/substation expansion

In conjunction with Batang Ai Hydroelectric Project, a 275
KV transmission line connecting between the project and
Kuching has already ‘been constructed and. now under
operation.

As shown in Fig.VIII.i4 of Appendix VIII (Volume VIII), a
separate HVAC line is scheduled to be extended from the
Batang Ai ‘power station t¢ Sibu area, and its construction
work including the associated switching stations and
substations will be completed. by the end of March-1988. In
this connection, the selected load centres of both Sri Aman
and Sarikei are planned to be linked with this HVAC system

within a few years.

Also Fig.VIII.15 of Appendix VIII (Volume VIII} outlines the

SESCO’s power system with HVDC 1lines of 400 kv in
consideration of the development of huge scale hydro-

" glectric projects in future.
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3.4.5 Industrialization programme in the study areas

Following show presently proposed schemes for
industrialization in the four load centre areas:
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Area Proposal Approx. Loading
'Sri Aman  Mainly Shophouses 1 MVA
Sarikei Shophouses, army camp, 1.5 MVA

: A School
Kapit Housing, Shophouses 500 KVA
Limbang ‘ (845 kVA)

Source : SESCO Planning Section
The figure in brackets was informed by the regional office.
No rapid growth in power consumption by this sector is foreseen.
3.4.6 Rural electrification programme in the study area

According to information from SESCO, the rural
electrification programme will cover the following consumers:
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Area 1986 1587
Sri Aman 714 Applicants at 0.25 KW per
applicant i.e 178.5 kW 12.75 kW
Sarikei 250 Applicants at 0.25 kW per
(+ Bintangor) applicant i.e 62.5 kW 48.5 kW
Limbang 45 Applicants at 0.25 kW per
' applicant i.e 11.25 kW 7.75 kW
Kapit None None
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CHAPTER 4. IDENTIFICATION OF POTENTIAL BITES

4.1 General

. Previous studies carried out so far by SESCO have identified
approximately 14 hydropower potential sites in the Study areas.
In addition to these sites, the Study attempts to identify newly
other potential sites within areas of 50 km radius from the
objective load centres.

The identification of potential .sites was made based on the
topographic maps in a scale of 1 teo 50,000 with the minimum
‘contour intervals of 100 feet, making reference to the results of
the previous studies and taking a view of topographic condition.

4.2 Type of Power Devsalopment
The potentiai sites are broadly classified into run-oferivef
type and reservoir type. Both types are further sub-divided as
follows: : :
(1) Run-of-river type development
{1a) Run-of-river scheme with a single intake
(1b) Run-of-river scheme with an inter-basin water
' - diversion intake : o

(2) Reservoir type devélopment'

(2a) Single dam scheme
{2b) Dam plus waterway schene

A schematic diagram of power development is shown in Fig.
4.1. . : N

4.3 ¥ethod and Criteria for Map Btudy

_ In order to attain a consistent map study, uniform criteria
were established. The following guidelines are applied to the
map study.

4.3.,1 Selection/identification'of site

The ‘selection/identification of sites should consider
various factors which vary at each location and river stretch.
The potential sites are selected in line w;th the following basic
crlteria - :



(1) The location of potential site would be limited in area
within 50 km distant from the objective load centre at
the furthest in consideration of avoiding excessive cost
for transmission line,’ : D

(2)'In'order'to secure an economic viability, the potential -
site should be facilitated with a good accessibility,
and : _ o :

(3) The potential site should not involve serioué
compensation and resettlement problems.

) .Fur_thermc':re, principal factors to select a development
type are given as follows: . = | en

{1} Run-of-river type

The scheme consists of a diversion weir, a sand sediment
pondage, a non pressure tunnel, head tank and penstock to a
powerhouse at a lower elevation. The potential site is conceived
in the river stretches of steep gradient or in places where
relatively rich discharge is expected to be available.

(2) Reservoir type

_ The potential damsite is selected at a location in narrow
gorge or at a place of closed topography with steep sloped banks.
The gradient of river upstream of the potential damsite is
reasonably gentle, preferably with an open plane topography in
the upper area to get a larger reservoir capacity.. : ’

As for the dam plus waterway scheme, it is proposed in river
streches where both the run-of-river and reservoir type schemes
are mutually conceived in the following cases:

(a) topography of the proposéd intake site ié suitable for
construction of a medium to high dam :

(b) steep river gradient in stretches downstream from the
potential damsite.

4.3.2 Power scale

The potential site should sétisfy the maximum output of S0
MW and minimum output of 2 MW in principle in view of size of
power demand up to year 2010 at each load centre. :

4.3.3 General layout plan

After identification of potential site which is estimated to
have output in a range between 2 MW and 50 MW, a preliminary
layout plan was examined for each potential site on the
topographic maps in a scale of 1 to 50,000.



The planning at this study stage is to extract the following
information from the maps:

(a) axis of dam/diversion weir

(b) reservoir surface

(¢) waterway route

(d) location of surge tank/head tank
(e} location of powerhouse.

. In addition to the preparation of preliminary layout of the
‘echeme, routes of access road and transmission line were also
~examined. :

4.4 Identified Potential Sites from Map sStudy

The map study has revealed 21 potential sites as listed
below:
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 Load Centre Damsite Development Type
Limbang 1. Lawas ' Reservoir type
S 2. Tengoa H
3 ‘» Trusan "

4. Medamit-1 Inter-basin water diversion
Run-of-river _

5. Medamit-2 Inter~-basin water diversion

' A Run~-of-river/Reservoir type

6. Limbang - Reservoir type

7. Pasia Inter-basin water diversion

Run-of-river

Kapit ' 8. Kapit-1 Reservoir type
9. Kapit-2 : "
10. Ibau "
11. Bangkit Reservoir and waterway
12. Tekalit Reservoir type
13. Ayat Run~of~-river/Reservoir and
waterway
Sarikei 14. Kanowit Reservoir type
"

15. Sari-1
i16. Sari-2 "

sri Aman 17. Sria-1 Reservoir type
18. ' Sria-2 Run-of-river
19. Sekrang-l Reservoir type
Li

20.  Sekrang-2
21. Lenmanak ' w
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_ Some of the potential sites are mutually alternative. The
preliminary general layout plans are shown on Appendix-I of
Volume VIII together with reservoir area-storage curves and river
profiles.






CHAPTER 5. PRELININARY HYDROLOGICAL ANALYSIS

5.1 Climate and Meteorology

The climate of Sarawak is classified into the tropical rain
forest zone characterized by constantly moist days throughout
the year. . The northeast monsoon generally begins in the middle
of October and lasts until the middle of April while the
southwest monsoon prevails from the middle of April to the
middle of October. . Since the southwest monscon is generally
less vigourous than the northeast one, the rainy season of
Sarawak ceincides with the period of northeast monsoon.

Average annual rainfall in Sarawak is abundant, about 3,700
mm on an avarage, and about 30 to 40 per cent of annual ralnfall
is expected even in the dry season.

Meteorologlcal data have been recorded for relatively
longer period at four (4) stations under the control of
Malaysian Meteorological Service (hereinafter calied MMS). The
location and altitude of the stations are summarized below:
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Name Location Altitude

No. of = —emreemmse—eee—e—eo Established
Statlon Latitude . Longitude (a.m.s.l.)

1. Kuching aerodrome ¢1 29’N 110 20°'E 21.7 © 1954

2. Sibu aerodrome 02 20'N 111 50’E 7.5 1968

3. Bintulu aerodrome 03 12’N 113 02’E 3.1 1968

4. Miri aerodrome 04 20’N 113 59°'E 17.0 1968
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_ Mean, maximum and minimum temperatures are shown in Fig.
5.1.. The daily mean temperature is invariable at about 26 C
throughout the year, and the variation of temperature depends
upon the diurnal change. The mean relative hum:tdlty is also
almost constant in a range from 85% to 87% as shown in Fig. 5.2
although there is a slight seasonal change. _

Mean sunshine hour is 5.7 hours per day on an arithmetic
avarage of the stations. It corresponds to annual sunshine
hours of 2,080 hours. Mean monthly pattern of sunshine hour is
shown in Fig. 5.3,

Maximum surface wind speed of 31.8 m/sec was recorded at
-Kuching aerodrome on September 1964. The mean surface wind
velocity has been recorded in a range from 0.9 m/sec to 1.3
n/sec. Maximum surface wind speed recorded in each month is

shown in Fig. 5. 4.



5.2 Meteorological Analysis
$.2.1 Isohyetal map

The Sarawak Hydrological Year Book 79-80 publlshed in 1984
contains the latest values of mean monthly rainfall recorded at
143 rainfall stations. The isohyetal map of mean’ ‘arinnal rainfall
deptli is shown in Fig.5.5. The meéan -annual rainfall depth over
Sarawak is estimated at about 3; 700 mm for the past 18 years. :

“The wettest year is 1970 with annual raznfall depth of 4 310
mm, and the rainfall depth of 3; 272 m was recorded 1n 1572 whlch
was the driest year.:

The distrlbutlon of mean monthly ralnfall given in Fig. 5.6
shows that there is a distinctive rainy season from October
through February in Divisions I to IV, VI and VII, while  in the
Division V the monthly ralnfall is evenly dlstrlbuted all the

year round.

5.2.2 BEvaporation:

Evaporation varies generally with altitude. In Sarawak, the
pan~evaporation’ data shown in Fig.5.7 are available at places of
relatively low elevation at Kuching, §$ibu, Bintulu and Miri
aerodromes, compared with 'elevation of most of potential sites.
In the Study, therefore, the evaporation data at 105 stations in
Peninsular Malaysia, which include the data at equivalent alti-
tudes simllar to that of potentlal sites, are used.

The annual evaporation amount varies from 1, 500 mm at mean
sea level to 950 mm at El. 1,600 m as given below:

"Annual Evaporation Amount
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The relationship between evaporation and-elevation is shoWn
in Figl 5.8.



5.3 HNonthly Steamflow Data
5.3.1 Selection of monthly streamflow data

Streamflow neasurements have been carried out at 50 water
level gauding stations by DID. - Monthly streamflow of the
potential sites is estimated referring to representative gauging
stations over Sarawak. - The representative gauging stations are
selected from the stations having a catchment area between 100
and 1,000 sgq.km and a recording period of more than 10 years.
The selected water level gauging stations are listed below:
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Station River - Catchment Area’ - Period of Record
Name: : Name 7 {sqg.km) ‘ _ (yrs)

- Serian Btg. Sadong : 941 _ 18

- Kg. Git Sarawak Kiri T 425 10
Pk. Buan Bidi sSarawak Kanan - 217 10
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- Monthly streamflow data of the above stations are used for a
simulation study of the preliminary development scale for each
potential site. The first-order Markov process is applied to
extrapolate runoff from the existing data, since the recording
period at each station is rather short. The generatd streamflow
data comprised. of the actual and extraporated data are used for
the 31mulation study. :

5.3.2 Mean annual basin loss

. The mean annual basin loss is obtained by subtracting the
mean annual runoff depth from the mean annual basin rainfall
depth. The data on 15 selected river basins show that the ratie
of the mean annual basin loss to the mean annual basin rainfall
depth varies in a range from 0.18 to 0.5 as given in Table 5.1.

5.3.3 Estimatioh of mean annual runoff

As mentioned in Section 5.2.1, an isohyetal map of annual
rainfall depth was drawn up for the whole basins in Sarawak. The
mean annual rainfall is computed for the potential sites based on
the 1sohyeta1 map. -

The_evapotransplration'for-each catchment is estimated from
Fig.. 5.8 as described in Section 6.2.2 after deriving their
average basin height. The annual runoff depth is calculated by
subtracting annual evapotranspiration amount from the mean annual
rainfall depth. The ratio of the runoff depth to the annual
rainfall depth varies in a range from 0.54 to 0.66 as given in
Table 5.2. The table also shows the estimated runcff volume at
21 potential sites,



5.4 Flow Duration and Storage Draft Curves

The flow duration and storage draft curves at each selected
water level gauging station are obtained based on the generated
streamflow data. The flow duration curve is used to determine a
development scale of run-of-river type while the storage draft
curve is used for reservoir type. o S T
. The flow.duration curve is. a figure to express discharges
against .their excess rates by arranging the monthly runoff data
in the numerical descending order. Table 5.3 and Fig. 5.9 show
that adopted flow duration curve prepared as an arithmetic mean
of three water level gauging stations at Serian in the Btg.
Sadong, .Kg. Git in the §. Sarawak Kiri and Pk. Buan Bidi in the
Sarawak Kanan. The flow duration curve is expressed in the
dimensionless form; namely, the ordinate is denominated by mean
discharge. The flow duration curves at  the potential sites are
obtained by multiplying the mean discharge at each potential
site. : : : : o

The storage draft curve is a diagram to show a relation-
ship between the draft rate and the required active storage
volume in the reservoir.. The preperation of storage draft curve
was made by simulating the continuity using the generated monthly
streamflow data. o o .

Table 5.4 and Fig. 5.10 show the adopted storage draft curve .
as an arithmetic mean of the curves drawn for aforementioned
three gauging sites. The non-dimensionalization of the curve was
made by dividing by annual inflow volume in ordinate and average
discharge in abscissa, respectively. The required active storage
volume on the curve represents the. volume for the draught year
with the recurrence interval of 25 years. SR :

5.5 gediment Yield nnai?éis

Sediment load measurement is being carried out by DID. The
data collected so far, however, is rather limited. _ -

, Sediment yield -analysis is made to . estimate sedinent
volume which deposits in a reservoir during a project life. The
sediment volume is usually estimated by means of daily streamflow
data and sediment-discharge rating curve. In this study, how-
ever, the sediment volume of the potential damsites was
estimated on the basis of estimated surface denudation rate,
since the measurement record of sediment load in. the objective
areas is insufficient in number to establish the  sediment-
discharge rating curve. : _ : : _ S



The estimation of denudation rate is based on the study
results of Batang Al and Bakun hydroelectric Projects. The
denudation rates for the above Projects are listed below:

Denudation Rate

Project - C.A. Deposit Vol. Denudation Rate
_ (sq.km) (MCM) _ (mm/year)

Batang Ai 1,200 1.25/year 1.0

Bakun 14,750 380/50 year 0.5
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The denudation rate of 1.0 mm/year is adopted in this study.






CHAPTER 6. PRELININARY POWER OUTPUT CALCULATION

6.1 General

Power output calculation is carried out preliminarily for
the identified twenty-two (22) potential sites: namely, seventeen
(17) potential sites conceived for reservoir type development and
five (5) potential sites for run-of-river type development. Some
of the potential sites are mutually alternative. :

The installed capacity of each potential site is computed by
the follow1ng equation:

Pmax = 9.8 x Qmax x He x Ef ecerereaneanaeranans (Eg.6.1)

where, Pmax installed capacity (kW)

Qmax : maximum plant discharge (cms)
He ¢ net rated head (m)
Ef : combined efficiency of water turbine and

" generator
6.2 Development Bcals Alternatives

6.2.1 Run-of-river type development

Since streamflow data for the potential sites are not
sufficiently available, a flow duration curve is established
based on the annual rainfall, evapotranspiration and
dimensionless flow duration curve as described in CHAPTER 5. The
maximum plant discharge is preliminarily determined at this
study stage assuming a plant factor of 0.5.

6.2.2 Reservoir type development .

The regulated outflow of a reservoir varies with active
storage capacity of reservoir. For the development scale
alternatives, three different storage capacities are selected
with due attention to characteristics of dimensionless storage
draft curve as described in CHAPTER 5. The initial value of draft
rate, which means the rate of firm discharge to annual average
discharge, is set at 0.78. The draft rates of 10% higher and 10%
lower than the initial value are also examlned to estimate
stcrage capacity.

. In case the storage capaclty for initial value of draft rate
is beyond the topographical maximum storage capacity, the draft
rate is adjusted to a lower figure corresponding to its capacity.

~ For each storage capacity alternative, three different dam
heights are examined for comparison as follows:



— . T o ok e i e T Al A S 0 S S08 S f ap t dor ar o S il nk dpmf S S B N SO R G o ok ek d fat S TP S S A Ao S R T S (L S R s

Case Full Supply Level Min. Operating Level
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1 Topographically max. Drawdowned level at a
FSL (Highest full ~given active storage
supply level) _ ~below FSL

2 _:' Intermediate level | Same as the above

between FSLs of
Cases 1 and 3

N Lowest FSL at a Lowest allowable MOL
.given active storage at 3 m above sediment .
above MOL- _ level (Lowest minimum

operating level)
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To enable a uniform comparison among'the development scale
alternatlves, a plant factor of 0.5 is assumed for all the cases
of reservoir type development. The schematic diagram for the
development scale alternatives is shown in qu 6.1.

6.3 Power Calculation Criteria

To estimate the power output with a uniform basis for all
the potential sites, plant discharge, operating level and head
are determined by placing crlterla as summarized below:

(a):Run—qf-river type

PLANT DISCHARGE |

Firm discharge Qf Qf is assumed to be equivalent to
95% discharge on flow duration curve.

Dependable peak Qd Qd is obtained assuming a load factor

of 0.5, in case the head pondage
will have a  diurnal’ regulating

. \ capacity.

Maximum plant * Qp. _ Qp is estimated based on the plant
‘discharge factor of 0 5.
OPERATING LEVEL AND HEAD

Noxmal operating NOL NOL is set at 3 m above riverbed
level elevation.

Gross head . Hg Hg is obtained subtracting tail water

1eve1 from HOL.

Net head Hn = Hn = 0.9 x Hg
' : Hn is determined. assuming the head
loss is equal to 10% of Hg.
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(b) Reservoir type
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. PLANT DISCHARGE

Firm discharge Qf Qf is interpolated on dimensionless
storage draft curve, Reservoir
capacity is preliminarily determined
based on a 1/25 draught year.

Maximum plant Qp Qp = @Qf / PF
discharge where, PF : plant factor of 0.5

OPERATING LEVEL AND HEAD

Full ' FSL  As determined in Subsection 6.2.2
supply level

Minimum MoL, As determined in Subsection 6.2.2
operating level

Rated water lievel. RWL RWL .= 2/3 ( .FSL - MOL ) + MolL , :
: where, FSL™r full supply level for
each case
MOI : min. operating level
for each case

Gross head ‘Hg Hg = RWL - TWL
' : where, TWL : tail water level

NHet head Hn Hn = 0.9 x Hg , .
-Bn  is determined assuming the head
loss is equal to 10% of Hg.

6.4 Power Output Computation
The results of power output calculation are given in

Appendix-II (Volume VIII) - Inventory of Potential Sites for the
First Screening.






CHAPTER 7. FIRST SCREENING

7.1 General

The first screening aims at choosing the potential sites
which appear to be worthy of conducting field reconnaissance for
further examination of the scheme.

The criteria at the first‘screening evaluation consist of
the following items; : _

{1) Remotenesss of the site

(2) Influence on waterborne traffic

{3) Power output

{(4) Compensation and resettlement problem.

7.2 riratIScrnoning llininatién
7.2.1 Remoteness of site

The objective load centres except Kapit are all located in
the coastal areas, while the hydroelectric schemes are, in most
cases, exploitable in mountain area. In such small scale
hydroelectric development as is examined in the present case,
transmission line cost is one of major cost -components affecting
power generation cost to a great extent. Relative attractiveness
of the scheme would decrease if the potential site is located far
from the objective load centre.

Three (3) potential sites; nameiy,‘Lawas, Tengoa and Trusan,
were eliminated because of long transmission line required for
these schemes to avoid crossing through neighbouring country
Brunei,

7.2.2 Influence on waterborne traffic

Although trunk and feeder roads are gradually stretchlng
within Sarawak, waterborne traffic is <traditionally the most
popular and economical means of transportation, both along the
coast and up the rivers. The construction of dam across the river
or decrease of water depth would cause mal-effect on waterborne
traffic or the construction of navigation faclllties would
involve additional investment, resulting in expensxve pover gene-
ration cost., An evaluation of the sites was made in this respect.
The evaluation has revealed that most of the potential sites are
‘located on tributaries having relatively small catchment and such
potential sites may not cause inconvenience in waterborne
traffic. Although several potential sites are located on the
navigation route, circumtances are not so much severe that the
construction of the dam is absolutely impossible.



on the other hand, there is logging activity in and around
catchment area of several potential sites. The logging roads
available thereat could be used as a mean of access for the
project,

~ 7.2.3 Power output

_ _The optimum potential site should satisfy the existing and
future power demand of the objective load centre. The lower and
upper limit criteria are, therefore, predetermined as listed
below: : ' '
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_ Lower Limit = Upper Limit
Load Centre ‘ S 8. 1:7 S (MW)
Year 1995 Year 2010
Sri Aman 5.9 7 20.0
sarikei - 8.2 32.4
‘Limbang S 5.0 ' 15.0
Kapit 2.2 5.2
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The minimum output is determined corresponding to the 1995
demand taking into account a lead time and construction period
for hydroelectric scheme, while the maximum output is defined as
the 2010 power demand plus 20 per cent allowance. ‘

As a result, Four (4) potential sites; namely, Sria-l, Sria-
2, Sari-1 and Sari-2, were eliminated because of the smaller
output than the minimum 1limit, and one (1) potential site;
Limbang, was eliminated because of the bigger power output than
‘the maximum 1limit. - = =~ B e . '

Two sites, Lemariak and Tekalit, involve the construction of
high dams of more than 50 m in height,” which would ke apparently
excessive for developméent of small hydropower of 5 to 15 MW
class., Accordingly, these two: schemes were also ruled ocut at
this stage. = R oo : ' 3 -



7.2.4 .cempensation and resettlement

Potential sites involving serious compensation and
resettlement should be eliminated mainly from the viewpoint of
posgible social problem. . A .preliminary evaluation of
compensation and resettlement requirement was attempted based on
topographical maps in a. scale of 1 to 50,000. However, no
definite assessment could be obtained for most of the potential
sites owing to scarce information made available on the maps.
Further assessment was therefore left to the findings in field
reconnaissance survey. : _

7.3 SOhQICI‘PQllld to s.eond'ﬁorloninq !valnqtion”

Twenty-one (21) potential sites except for Mukoh {refer to
the subsequent section, 8.1) were screened according te the
first screening criteria stated above. The results of first
screening are summarized below:
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Load Potential First Screening Criteria Schemes ,
Centre Site e e e e e e e Passed to 2nd
Remoteness Power Output Screening
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4., Medamit-1
5. Medamit-2
6. Limbang
7. Pasia

Kapit 8. Kapit-1
S, Kapit-2
10. Ibau
11. Bangkit
12. Tekalit
13. Ayat
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Sarikei 14. Kanowit
15. Sari-1
16. Sari-2

Sri Aman 17. Sria-1
18. Sria-2
19. Sekrang-1
20. Sekrang-2
21. Lemanak
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None of the potential sites was eliminated by the
screening criteria on waterborne traffic. The screening criteria
on compensation and resettlement are verified during field
reconnaissance survey.



Medamit~1 and Medamit-2 are located closed each other, the
former being at 5 km upstream of the latter. The development
scales of two schemes are almost sane. Of two, Medamit-1 was
less favourable ‘compared with Medamit-2 taking into account acce-
ssibility and transmission line length. ' The field reconnaissance
survey for Medamit-1 will therefore be carried out in case that
Medamit<2  is found to be unfavourable from the viewpoint - of
second screening criteria. - : o ‘

- ‘Accordingly, ten (10) potential sites, Medamit-2 and Pasia
for Limbang area, Kapit-1, Kapit-2, Ibau, Bangkit and Ayat for
Kapit area, Kanowit for Sarikei area, and Sekrang-1 and Sekrang-2
for Sri Aman area, were ‘tTetained as the candidate sites for field
reconnaissance survey. _



CHAPTER 8. FIELD RECONNAISSANCE
8.1 Ceneral

out of twenty-one (21) potential sites, ten (10) potential
sites were selected for reconnaissance survey according to the
first screening criteria. During the field reconnaissance
survey in Kapit area, one additonal potential site of Mukoh was
identified. The selected ten (10) and additional one (1)
potential sites for the field reconnaissance survey are listed
below:

Ioad Centre Damsite : Developnent Type
Limbang 1 Pasia  Inter-basin water diversion
' run-of-river
2 Medamit-2 - "
Kapit 3 Kapit-1 - Reservoir
4 Kapit-2 o
5. Ibau » : :
6 Bangkit Reservoir and waterway
7 Ayat Run-of-river/reservoir and
- _ waterwvay
8 Mukoh Run=of-river
Sarikei 9 Kanowit . Reservior
Sri Aman 10 . Sekrang-1 Regervoir
' 11 - Sekrang-2 H
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8.2 Field Reconnaissance Burvey

The field reconnaissance survey was carried out considering
the following seven (7) main reconnaissance objectives:

(1 ) Topography
{(ii ) . Geology :
(iii} Construction materials
{(iv } Accessibility
(v )} Land compensation and resettlement
(vi )
)

- Present water use condition, and :
- Transmission line.a .

The Summary:sheets of field reconnaissance survéy'are
attached in APPENDIX-III (Volume VIII).

Power output capacity of the eleven (11) sites was then re-~
examined incorporating the findings from reconnaissance survey.
The results are presented in Appendix IV (Volume VIII). together
with items newly identified through field reccnnaissance.



8.3 Geological Condition

8.3.1 Regional geology & ,
‘ “GEOiodically,'thé state of Sarawak can be divided into two
distinct. regions; AR ‘ o .

'ia) ‘Thé}Sunda%Shiéldehich occuré west of the Batang Lupar
covering the west part of Sarawak. Sri Aman load centre
is located on the mid-stream of the Batang Lupar.

(b)  The ‘North West Borneo Geocyncline which extends along
-~ -- the northern flank of the Sunda Shield covering all the
area on the ' east of. Batang Lupar. ‘

All the eleven (11) potential sites passed to the second
screenig are located on the North West Borneo Geocyncline.  Sri
Aman and Sarikei are located on the west thereof. Kapit is
located in the central part thereof. Limbang is located in the
east thereof. - . - - o o

The development of the North West Borneo Geocyncline,
started in the late Cretacious periocd with slaty facies, consists
of phyllite, slate and graywacke. The potential sites for the
Sri Aman load centre =scatter in this area. - Co :

The main development:of the Geocyncline. is represented by
the deposition of the Lower Tertiary Rajang Group in central
Sarawak consisting mainly of the hard guartzitic sandstone, gray-
wackes, siltstones and slaty rocks. The potential sites for the
Sarikei and Kapit load centres scatter‘in this area. - o

‘ Lower. Tertiary Sediments of time-equivalents to the'Rajang
Group crop out also in the Middle Baram Valley as well as in the
‘head-waters of the Limbang and Trusan Rivers, and particularly in
the Subis and Melinau areas which are characterised by massive
limestone bodies. The potential sites for the Limbang load
centre scatter in this area. R : :

The deposition apparently ceased in mid-Tertiary in Central
Sarawak and at the same time the sedimentary rocks were subjected
to strong folding, faulting and uplifting. - The major structure
trend lines conform closely to the crescent shape of the geocyn-
cline axis running roughly north-south in the Baram area.

The Rajang Group consists of the Belaga Formation of Stage
I, II, 'IIT and IV :formed  during. the upper C(retaceous and the
Lower Tertiary. The Setap Shale Formation:and Meligan Formation
are’ formed. after the Rajang Group.. .-~ . - %



8.3.2 Geological condition in objective area

(1) Sri Aman area

The Sekrang~1 and Sekrang-2 potential sites are located in
‘the middle reach of the Batang Sekrang which is a tributary of
the Batang Lupar.

Geology along the Batang Sekrang is dominantly slaty facies
which consists of slate and graywacke of Stage I of the Belaga
Formation of the Rajang Group. The deposition of their rocks
started in the upper Cretacious.

(2) sarikei area

The Sarikei load centre is located in the lower reach of the
Batang Rajang. The Kanowit potential site is located in the
upper reach of the Sungai Kanowit which is a tributary of the
Batang Rajang.

Geology in the upper rsach of the Sungai Kanowit is slaty
facies which consists of phyllite, slate and argillite of Stage
ITI of the Belaga Formation of the Paleocene-lower Eocene.

(3) Limbang area

The Medamit-2 potential site is 1located on the Sungai
Medamit which is a tributary of the Sungai Limbang. The power-
house is located on the Sungai Limbang. :

'~ Geology along the Sungai Medamit is dominantly shale of the
Setap Shale Formation. Geology along the Sungai Limbang is the
lower stratum of the Setap Shale Formation consisting of
limestone. The deposition of the Setap Shale Formation is
started in the Oligocene-Miocene of the Tertiary.

The Pasia potential site is located on the Sungai Pasia
which is a tributary of the Batang Trusan. Geologically, the
mountain situated between the Sungai Pasia and the Batang Trusan
consists of graywacke and thin shale of the Meligan Formation
of the Miocene.

(4) KXapit area

The Ayat, Bangkit, Kapit-2 and Mukoh potential sites are
located in the southern region of the Batang Rajang. Geology in
the southern region consists of slate, graywacke and their
alternation of Stage II of the Belaga Formation.



The Kapit-1 and Ibau potential sites are Jlocated in the
northern region of the Batang Rajang. Geology in the northern
region consists dominantly of slate of Stage III of the Belaga
Formatlon of the midd1e~upper Eocene.

site geology of each potential site and general geological
map of each objective area are summarized in Appendix Vv (Volume

VIII).



CHAPTER 9. PRELININARY FLOOD ANALYSIS
9.1 Rainfeall Analysis

9.1.1 Selected rainfall stations for potential sites

There are 143 functioning rainfall stations as of March 1986
in sarawak, of which 64 are automatic recording stations and the
remaining 79 are manual stations. However, none of the rainfall
stations having long recorded data is located in the catchment
areas of the potential sites.

‘In the Study, the rainfall stations nearest to the potential
sites or characterized by the most similar hydrological condition
to the potential sites are selected as listed below:

_———-u.—————_—---nn——---—————-——--p-n-----.-...--——-:__-.._......._..,————.—.,.u..._,___,_.........

Load  Potential Rainfall Statlon

Centre - Bite ————— e e e e e e Sttt
. ' Name Latitude Longitud
Limbang 1 Pasia Long Semadoh 4 13’N 115 35’E
2 Medamit-2 Long Bilong 4 22'N 114 56°E
Kapit 3 - Kapit~1 Kapit P.W.D. 2 01’N 112 56'E
: 4 Kapit-2 Nanga Bangkit 1 46’N il12 38’E
5 Ikaun Song _ 2 01’N 112 33'E
6 Bangkit . Nanga Bangklt 1 46’N_ 112 38'E

7 Ayat ‘ "

8 MukOh i* H t
sarikei 9 Kanowit Kanowit W/W 2 06'N 112 09’E

Sri Aman 10 Sekrang-1 Riddan 1 13’N 111 42'F
11 Sekrang-2 L " "
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The location of selected rainfall stations and the period of
records are shown in Figs, 9.1 and 9.2, respectively. The annual
maximum 1l-day, 2-day, 3-day and 5-day rainfall depths for the
stations are given in Tables 9.1 to 9.7.

9.1.2 Frequency analysis

Frequency analysis of rainfall depth is made for variocus
durations and return perlods.. The analysed rainfall - durations
are 1, 2, 3 and 5 days for return periods of 2, 5, 10, 20, 50,
100 and 200 years. . :



Three (3) methods; that is, (i) Gumbel, (ii) Iwai and (iii)
Log Pearson Type III, are applied to verify the fitness to the
plotting position of recorded data. The results of frequency
analysis on rainfall depth are given in Tables 9.8 to 9.1¢ and
Figs. 9.3 to 9.6. "

The above results show that there is no much difference in
their values among three (3) methods. Therefore, the results of
Gumbel method which is adopted by DID in his publications are
applied to the further studies. C _ :

9.1.3 Conversion factor to average basin rainfall

. The average basin rainfall tends generally to decrease with
the increase of catchment area. Although the development of
depth-area-duration curve for each storm is required to estimate
the conversion factor of point rainfall to average basin rain-
fall, the lack of sufficient data for the potential sites has
prevented the derivation of conversion factor by statistical
procedure. -In the Study, the conversion factor recommended by
DID - is applied to estimate the average basin rainfall for the
potential sites. The conversion factor is shown in Fig. 9.7.

9.1.4 Depth duration analysis

- "Sarawak Hydrological Year Book" published by DID for the
period from 1963 through 1980 does not centain hourly rainfall .
data at the selected rainfall stations. Thus, the heavy rainfail
data at Kuching are adopted to estimate the distribution of

hourly rainfall.

The four (4) heavy rainfall data are adopted in the Study as
listed below: :

Period Amount
No,  w=—=—- e —————————
From To (mm}
{1) Jan. 8, 1971 - Jan. 9, 1971 355
(2) Jun. 22, 1972 - Jun. 23, 1972 247
(3) Dec. 24, 1973 - Dec. 25, 1973 198
(4) Dec. 28, 1975 - Dec. 29, 1975 193

According to the above data, the heavy rainfall occurs - for
the duration within 24 hours and has such characteristic that
about 80 per cent of 24-hour rainfall concentrates in 15 hours



after rainfall starts. These torrential showers were usually
observed in the evening to early morning.

The average hourly distribution pattern as shown in Fig.
9.8 is obtained as an arithmetric mean of the above four heavy
rainfalis. The ratio of every 3-hour rainfall to 1-day rainfall
is estimated as follows: :
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puration (hrx) Accumulated (%) Ratio (%)
C - 3 9.7 9.7
3 - 6 24.4 14.7
6 - 9 40.0 is.6
g - 12 60.5 20.5
i2 - 15 82.3 21.8
15 - 18. 89.5 7.2
18 - 21 95.3 5.8
21 -~ 24 100.0 4.7

9.1.5 Design rainfall

Probable flood hydrographs at Batang Al Project (catchment
area is 1,200 sg. km) are referred for estimating the duration
of design rainfall.

According to the Batang Ai Project, the probable flood
hydrographs for the various return pericds of 2, 10, 20, 50, 100
and 200 vears were estimated on the basis of the observed five
(5) floeod hydrographs at the dam site. The duration of direct
runoff for various probable floods is roughly estimated at
about 30 hours which correspond to the duration of heavy rainfall
within 24 hours. This suggests that an assumption of 24-hour
storm would reasonably be on a conservative side for smaller
catchments at the potential sites under consideration.

The-deszén rainfall depths for the potential sites are,
therefore, developed for the duration of 24 hours by the
following equation: _

R24 = CF X RF + . v « o + o o = s + o « « « « « « « (EG.9.1)
where, R24: des;gn rainfall depth for the duration of 24

: _ hours _ _ .
CF : conversion factor of point rainfall to

average basin rainfall
RF : —day probable point ralnfall depth.

De51gn rainfall ~at the potentlal sites is divided into
eight by every 3 hours on the basis of depth duration analysis in
Subsection 9.1.4. The design rainfalls at the potential sites
are summarized in Tables 9.11 to 9.14. ‘



9,2 Flood Analysis

9,21 Derivation of unitgraph

A unitgraph at the project site is developed by Nakayasu s
synthetic unit hydrograph method. The unitgraph is derived by
the following procedures:

(1)

(2)

(3)

05

QP

cvo;a:o.al |

o p . t{hr)

p - tk 1.5tk

Lag time of peak discharge

= 0.5 + 0.058L - (L<15 Km) oo o o o o o o{EQa9.2)
tg = 0,21 x L exp(O 7) (L>15 km) s » 8- 8 8 & e(EQQ9-3)

lag time of peak discharqe (hr)
river channel length (km)

where, tg

o8 &

= 0-47 ( AL , eXp(O.ZS) " & 3 ¢ ® & W% * & (Eq.904,

recession time period from the time of
peak discharge to 30 per cent of peak
discharge (hr)

A : catchment area (sg. km)

where, tk

. i

Time of concentration

tp s T1 = 0,80 #+ G o ¢ ¢ 4 2 ¢ o o o o o .(Eq.9.5)
t1l = T2 = tp + tk » s © 2 ® e 8 * © & e = (qugoﬁ)
t2 = T3 = tp + tk + 1 5tk R Y Y N T R (qugo-’)

Peak discharge
Op = A Ro /[ 3.6 (0.3 tp + tk) 1 e s o o o« {(Eg.9.8)

where, Qp : peak discharge (cms)
: Ro : unit effective rainfall (mm)



(4) Unitgraph
- Rising limb

Qr = (t / tp )} exp(2.4) { O<t<tp ). . . . .(Eq.9.9)
- Recession limb
Qr = 0.3 exp[(t—tp)/tk] ( T1<t<T2 ) . (Eg.9.10)
Qr = 0.3 x 0.3 exp[ (t-T2) . _
/1.5tk] _ ( T2<t<T3 ) . {Ed.9.11)
Qr = 0.3 x 0.3 x 0.3 oL
: exp[(t-TB)/ztk]‘ { t>T3 ). . . (Eg.9.12)

The ‘values required to obtain a unit hydrograph are
summarized below:

0 4 s s kT 4 A W D B U AL S S D N W N W PP (Y U A S S i . . S S ] S T (O

Potential River Catchment Area River Length
Site : {8qg.km) (km)
Pasia S.Pasia 177 29.0
Medamit-2 S.Medanit 186 38.0
Kapit-1 S.Menuan 101 19.5
Kapit-2 S.Benuang- 229 20.0
Ibau S.Ibau 163 23.0
- 'Bangkit S.Bangkit 167 14.0
Ayat S.Ayat 59 9.5
Mukoh S.Benuang 292 25.0
Kanowit S.Kanowit 1,331 65.0
" Sekrang=-1 . B.Sekrang 508 68.5
Sekrang-2 " 360 45.0

Logs rate

9.262-

Initial rainfall loss is disregarded by assuming that the
whole basin is saturated by antecedent rainfall, resulting in the
estimate of a conservative side. While the retention loss rate
after the saturation is assumed to be constant at 2.5 mm per
hour.

The rate of 2.5 mm per'houf as retention loss is estimated
on the basis of other hydroelectric projects in Sarawak and
Peninsula Malaysia as listed below:



Retention Loss Rate of Rainfall
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Project Location . Catchment Area Loss Rate
| o (sq. km)  (mm/hr)
Klang Gates Dam P.Malaysia 74 5.1
Jor Dam ' "o ' 123 7.2
Batang Al Sarawak 1,200 3.0
- Pergau Dam - . P.Malaysia = 1,290 2.5
Temengor Dam "o : ‘ 3,400 2.5
Kenyir Dam _ ' w 4,580 2.5
4.0

Bakun _ Sarawak S 14,750

The retention loss rate generally tends to increase with the
increase of catchment area. Therefore, the minimum retention
loss rate of 2.5 mm per hour is adopted in view that most of
potential sites in the Study are located in the stecp-sloped
mountainous area with relatively small catchment and that future
logging activities will lead to reduce its retention loss rate.

9.2,3 Flood hydrégraph _ _
Prokable flood - hydrographs are-"'calculated under the
following conditions: 7 S SR

{1). A unitgraph is obtained by .the ”Nakayasu' 8 synthetic:
' unit hydrograph method. e ;

(2} Design hyetographs of 24-hour rc.hiration for various
©  return periods are applied ‘to synthesize the
hydrographs. - ' :

(3) Retention loss rate of 2.5 mm per hour is subtracted
from the design hyetograph to estimate rainfall excess.

'(4) Base flow is assumed. to be.equivalent to the annual
: ~average discharge. " = : T -

"The probable flood hydi:ographs ‘at | the Apc':tent-i.al sites ‘are
shown in Figs. 9.9 to 9.19. The peak discharges, flood volumes
and their specific discharges are summarized in. Tables 9.15 and
9.16. .. - N _ : _

9.3 Prcbable Naximum Flood
9.3.1 Probable maximum precipitation

Probable maximum precipitation, PMP, is defined as the
theoretically greatest depth of precipitation for a given

duration that is physically possible over a particular drainage
basin at a particular time of year. '



PMP for all durations and sizes of area in a specific basin
is usually determined by several types of storms. For example,
thunderstorms are very likely to cause PMP over an area
smaller than about 1,000 sg. km for durations shorter than 6
hours, but controlling values for longer durations and larger
areas will be derived invariably from general storms. For short
durations, thunderstorms can produce more heavily than general
storms, but they are relatively short-lived, and individual
storms cover relatively small areas. General storms, although
they often include thunderstorms, produce less intense rainfall
on an average, but their longer life and greater areal coverage
result in greater rainfall amounts for the duration of more than
6 hours and for large areas.

In fact, this longer life and greater areal coverage of
storm during January - February 1963 resulted in the
unprecedented flood over the coastal area of  Sarawak. These
storms were mainly brought to Sarawak by the northeast monsoon
which blows across the South China Sea from October to the end of
February. According to the rainfall records, these storms
occurred sequentially with the periodicity of 4§ and 5 days.

‘There are several methods applied to the derivation of PMP
such as the theoretical methods and Hershfield’s statistical
methods. The lack of sufficient meteorological data prevents the
derivation of PMP by the former method. The latter method was
statistically developed for the catchment area within 1,000 sq.
km.

The magnitudes of PMP for heaviest 24 hours are estimated by
the Hershfield’s method and are also compared with those in other
hydroelectric projects in Sarawak and Peninsular Malaysia as
listed below:

A S A R S LS VES G et WS S T i O S o S Y A A SR I SN Sy g A A S GER I U N e RN SR S W S S ol L S e M T L D T E S IO G A U S T

Project i Catchment Maximum 24— maximization
name : area hour rainfalil factor
(sqg. km) {mm)

S P 1 T 2 S o] D S e o S o S T R S S A ke S S S 0 Sl A R PP G T . i e B s B X o T

Potential Sites

Pasia’ { Limbang) 177 385 2.69
Medamit-2 ¢ " ) 186 543 2.41
Kapit-1 { Kapit ) 101 513 2.64
Kapit-2 { " ) 220 427 1.76
Ibau { " ) 163 541 2.97
Bangkit - ( " } 167 431 1.76
Ayat { v ) 59 440 1.76
Mukoh ( " ) 292 422 1.76
Kanowit ( Sarikei) 1,331 495 2.36
Sekrang-1 (Sri Aman) 508 495 (*) 1.76
Sekrang-2 { n ) 360 - 495 (*) 1.74



Other Hydroelectric Projects

Batang AL ( Sarawak ) 1,200 " 580(3-day)
Kenyir {P.Malaysia) 2,600 470
Bakun { Sarawak ) 14,750 - . 280
Pelagus (P.Malaysia) 21,020 210

.--u-n-u-—u--——cc—m——-—w—-n-n—mnnu-—————-————-n---.-m-m——-—-—-—n—u“g————_n—-—-

(*)"The value at Kanowit is appliad because of an extraordinary
results, : : '

These 24-hour maximum basin average prec1pitatlons are 1.74
to 2.97 times more than the 100-year -probable basin average
rainfall depth. PMP for other durations of 2, 3 and & days is
also obtained multiplying the maximization factor of 1.74 to 2.97
by the 100-year probable basin average rainfall for the
respective durations as given in Table 9.17. _

. For the s-day PMP, its hyetograph is arranged to produce the
,most critical flood on the bkasis of the standard procedures of
the U.S. Weather Bureau, and the depth~duration relationship is
applied to the heaviest 24 hours assuming that the thunderstorm
develops. PMP hyetographs for the potential sites are given in
Table 9.18.

9.3.2 Probable maximum flood

Probable maximum flood (PMF) is dervied by the synthetic
unit hydrograph method as described in Section 9.2.. PMF for each
potential site is calculated under the following conditions:

(1) The unltgraph is defined by the Nakayasu’s synthetic
unit hydrograph method.

{(2) A'PHP.hyetbgraph for 5-day duration is applied to
synthesize the hydrograph. _

{3) Retention loss yate of 2.5 mm per hour is subtracted
from the PMP hyetograph to estimate rainfall excess.

(4) Base flow is assumed to be equivalent to the annual
average discharge.



The PMF hydrographs for the potential sites are shown in
Figs. 9.20 to 9.30, and their peak discharges are summarized
below:
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Load Potential Catchment Peak Specific
centre site _area disharge discharge
' name (sqg.kn) (cns) (cme/sq. km)
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Pétential Site

~ Pasia - 177 1,052

Limbang 1 8.5
2 Medamit-2 186 1,592 8.6
Kapit 3 Kapit-1 101 890 8.8
4 Kapit-2 220 1,480 6.7
5 TIbau 163 1,392 8.5
6 Bangkit 167 1,220 7.3
7 Ayat 59 477 8.1
8 Mukch 292 1,923 6.6
Sarikei 9 Kanowit. 1,331 7,950 6.0
Sri Aman 10 Sekrang-l 508 3,385 6.7
11 Sekrang-2 360 - 2,578 7.2

Other Hydroelectric Projects
1 Batang Ai 1,200 8,700 7.3
2 Kenyir 2,600 13,000 5.0
3 Bakun 14,750 44,400 3.0
4 Pelagus - 21,020 42,500 2.0

—— — —— - T o —— S o o S D S P I mh i i dafed AL WD AN N S L S S A D S S AT VT A G AT GRS S O M OUF SN S 1 G SES MV SED M. T A g e

The magnitude of PMF is also evaluated referring to the
following Creager’s equation:

Q=46 x CxAexp(b) . « « « « « + v v e o - . .(EQ.9.13)
b = 01864 x A eXp(-U-048) - 1 » ® - . . - " = * . O(Eq-9-14)
where, q : specific discharge in cub.ft/sec/sqg.mile

A
c

catchment area in sq. mile
coefficient depending upon the characteristic
of the basin.

The envelope curve for C = 100 gives the general trend of
all the world maximum flood records with a few exceptions, while
it is known that the maximum floods recorded in a region covering
Malaysia, Indonesia and Thailand correspond to the envelope curve
for C = 34.

According to other projects in Sarawak and Peninsular
Malaysia, the envelope curve for more than 100 gives their
specific discharges for PMF. On the other hand, those for the
potential sites give their specific discharges in a range from C
= 34 to C = 100 except for the case of Kanowit as shown in Figqg.
9-310 )






CHAPTER 10. SECOND BCREENING

10.1 Gensral

The field reconnaissance survey was carried out for eleven
(11) potential sites including one. (1)} additional potential site
identified during the field reconnaissance survey for Kapit area.
These eleven (11) potential sites in total were evaluated based
on the second screening criteria. As far as there is no serious
problem on social, topographic or geological conditions, the
potential sites will be passed to third screening.

10.2 B8econd Screening Elimination

10.2.1. Geological assessment

surface geological reconnaissance was extensively executed
to observe general geological and . tectonic features,
possibility of land sliding, degree of weathering, existence of
faults, etc. on damsite, waterway and powerhouse as well as
reservoir area. Those sites, which impose serious geological
problems, are ruled out.

10.2.2 Accessibility

Most of the potential sites are not ac08551ble by sarface
road at present, although logging roads are available for some
potential sites. Access roads are planned based on road
extension programme under the Fifth National Plan by the
Government, taking into account availability of existing logging
road.

10.2.3 Present water use

The 1mplementatlon of hydroelectrlc projects sometlmes
causes an adverse .effect to the present river water use for
1rr1gation, 1ndustry and domestic water supply, navigation and
scenery. Particularly, in case of interbasin water diversion
scheme, impacts for the present water use may be large. In
these respects, present water use was investigated in the
upstream and downstream reaches from the proposed site to
identify any foreseeable problem.

10.2.4 Availability of construction materials

From topographic, geoldgical and climatological points of
view, dam would be designed in either concrete type or rock-fill
type. Availability of embankment materials and concrete
aggregates would be one of dominant factors for economical
construction of major civil structures, in particular for dam.
Field reconnaissance was conducted to identify the location of



borrow or quarry sites and to examine the quality of
construction materials available there.

10.3 Schemes Passed to Third Scoreening Evaluation

Field reconnaissance survey revealed the actual condltion of
eleven (11) potential sites. As a result, four (4) potential
sites were eliminated based on the second screening ¢riteria as
sunimarized below, and detailed comments for each site ‘are
descrlbed in Appendix III (Volume VIII)
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Load Potential Screening Criteria
Centre Site e e e e e e
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Limbang 1 ‘Medamit-2 0 o - 0 o]
7 2 Pasia o o 0 o)
Kapit 3 Kapit-1l X o X X
4 Kapit-2 0. 0 (o} 0

5  Ibau o o X X

6 - Bangkit - - - -

7 Ayat - - Co- -

8 Mukoh 8] ) o o

Sarikei 9 Kanowit o o - 0
- Sri Aman 10 Sekrang-l o 0 o o
- 11 Sekrang-2 -0 o o Q

Actual topographic cendition of Bangkit and Ayat sites was
found to be different from that informed in the map study and
te be unsuitable for power schene. These sites were
therefore eliminated from further studies. - Finally, seven (7)
out cof eleven (11) potentlal sites were selected fcr the third
screening. : :

10-2



CHAPTER 11. BASIC LAYOUT PLAN AND PRELIKINARY COST ESTIMNATE

11.1 Gseneral

Preliminary project cost is estimated for all the seven
potentlal sites selected by the second screening. Basic layout
is firstly drawn on maps in a scale of 1/10,000 enlarged from the
original maps in a scale of 1/50,000 (refer to Appendix VI of
Volume VIII). The basic dimensions: of principal structures are
determined on the 1/10,000 scale maps. The work guantitites are
calculated for a representative development scale at each
potential site. The work guantities for alternative development
scales are calculated by means of computerized quantity formulas
of which the quantity output is modified by adjustment factors
obtained through the actual quantity calculatlon made for the
representative development scale.

Unit prices of construction work are estimated based on cost
data from the existing hydropower projects of Batang Ai and Batu
Lintang as well as the cost estimates for the Bakun Project and
other overseas pro;ectso _

Prin01pa1 features of the major structures at each potential
gite are shown in Table 11.1, Results of the preliminary cost
estimate are shown in Appendix-VII (Volume VIII).

11.2 Basic Design Criteria
11.2.1 Dam and waterwaf
(1) Storage dam

In the study at this identification stage, dam type is
selected taking account of topographic and geological
conditions prevailed at the site as well as availability of
the dam construction materials. - As the result, rockfill
dam = type is selected for all the reservoir type
development schemnes.

' Topographical features of the damsite are surveyed at
the site by measuring the riverbed width and crest length at
the possible maximum dam height. = Average excavation’ depth
is assumed based on the site reconnalssance BUrvey on

‘geclogy. ,
. The dam.ﬁolume.is éalbulétéd bylthe following egquation,
assuming a composite trapezoidal valley profile with varying
slopes between the maximum dam height and the riverbed:

-1



(2)

(3)

(4)

VD = 1.1 x DH? x CL

where,
VD : Volume of rockfill dam (m3)
DH : Dam height estimated by adding 4 m above
full supply level (FSL) - (m}
CL 3

Dam crest length : :  {m) .
Diversion weir for_run-of-fiver scheme B

: A typical design assumed herein is'é concrete diversion
weir with a fixed overflow weir. The volume of dam concrete

including that of all associated structures is estimated by
the following formula: - . : :

VDW = 0.347 x DH? x CL

where,
"VDW Volﬁme of diversion weir : | (m3)
DH : Height of diversion weir {m}
CL : Length of weir including abutments (m}.

. The dam crest elevation is assumed to be 3 m above FSL.

Diversion tunnel

Pressure tunnel type is assumed for a diversion tunnel.
The inner diameter of tumnel is calculated by the following
equation assuming the maximum diameter of 7.0 m:

DIAD = 0,291 x (QDF/NBR)

where,
DIAD : Inner diameter of diveréidn tunﬁel {m)
QDF : - River diversion design flocd (cum/sec)
NBR : Number of diversion tunnels - {Nos.).

Headrace tunnel

. Headrace tunnel is assumed to be pressure tunnel type
for ‘reservoir development type, - while non-pressure type for
run-of-river development type. In case of run-of-river
development type, horse-shoe shape tunnel is designed
assuming the maximum velocity of 3.0 m/sec and the minimum
inner diameter of 1.8 m. e :
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(5)

Penstock line

Exposed penstock line is considered as a typical layout
of penstock line. Inner diameter of the penstock line is
calculated assuming the mean velocity of 6 m/sec and 7 m/sec
for effective heads of less than 150 m and more than 150 m,

' respectively.

1i.2.2 Access road

Permanent access road is built for use during the

construction and after completion. Assumptions made herein are :

- Access road. is connected from the existing or planned all-
season public road or 1ogg1ng road passing nearby the
potential sites.

- The cost of new access road is borne by the hydropower
project. The existing public road will be kept maintained
to an ‘acceptable grade by other agency before and during
the construction period.

The length of access road is measured on 1:50,000 maps.

11.2.3 Turbine and generator

R

(2)

Calculation of power output

The power output of each identified site is calculated
by a formula below:

P=9.8x Q x He x EFf

where, P Power output (kW)

Q : Plant discharge {(cms) -
He : Effective head acting on turbine (m)
Ef : Combined efficisncy of turbine and

generator = 0,85,
Selection of turbine type and application range
~ Based on the available head and flow rate, the turbine

type is preliminarily planned from Table 11.2 and Fig.
11.1 as follows:

(a) Vertlcal Shaft Francis Turb1ne : Sekrang-2, Medamit-2

and Pasia’
- Sekrang=1, Kanowit,

{b) Kaplan Turbine
' ‘Mukoh and Kapit=-2
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{(3) Selection of generator type

The generator suitable . for the smrall-scale
hydroelectric project is c¢lassified into two types;
induction generator and synchronous one. ' The induction
generator has advantages of low cost, simple and sturdy
structure, easy maintenance, etc., while it also has disad-
vantage of being unable to operate independently, incurring
a large rush current at the time of parallel connection with
an electric power system and supplying only a leading
current. - : :

: For these reasons, it will be necessary at time of the

subsequent feasibility stage to select the type of generator
after careful study of operation of the generater and the
"conditions of electric power system to which the generator
will be connected. A comparison of the synchronous generator
and induction generator is shown in Table 11.3 for
reference. . .

It is at moment planned that generators at all the
sites are of synchronous type.

11.2.4 Transmission line system

A voltage of 11 kV has been used in SESCO’s distribution
network in the selected four lcad centres at present. In
connection with the 275 kV transmission line expansion programme,
however, a new substation with voltage of 33 kV will be
constructed in Sarikei and Sri Aman respectively within a few
years. : . : _ : :

The transmission voltage of 33 kV and 66 kV is applied for
the basic design considering the transmission length and
installed capacity.

Each identified hydropower station is assumed to be
connected to the existing power station and/or the planned sub-
station directly. ' '

(1) Carrying capacity of transmission line

Allowable carrying capacity means maximum load level to
be transmitted without any trouble and/or fault.

(2) Transmission line route

The route of transmission 1line from the identified
_hydropower station to the existing power station and/or the
planned substation is planned on a map of 1:50,000 scale,
taking account of general topogrphical features observed in
field reconnaissance. The length of the line is then
measured on the same map. :
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11.3 Preliminary Cost Estimate

11.3.1 Basic approach

Preliminary cost estimate is made based on unit price basis.
The estimated cost is expressed in Malaysian dollars at 1986
price level with a foreign currency exchange rates of US$i.0 =

The estimate is made for the following\éeparate itmes:

(a) Dam, waterway and power plant (Power development)
{b) Access road

(¢) Transmission line including a substation

(d) Land acquisition and compensation.

Results of the pfeliminary cost estimate are shown in
Appendix-VII (Volume VIITI).

11.3.2 Power development cost

Work quantities at each potential site are calculated based
on the basic design prepared for the representative development
scale. The work guantities for the alternative development
scales are obtained basically by means of computerized quantity
formulas in the "Criteria for cost estimation for the planning of
hydropower develcopment project¥ established by the Ministry of
Trade and Industry in Japan. The gquantity output by the computer
programme is adjusted in accordance with the actual gquantity
calculation made for the representative development scale.

Cost 1is then estimated by multiplying unit prices
predetermined for each work itemn.

11.3.3 Access road

A unit price of access road is estimated at M$135,000/km in
relatively flat areas, M$260,000/km in hilly land and M$400,000
to M$450,000/km in mountainous areas, respectively.

11.3.4 Transmission line and associated substation eguipment

In estimating the unit price of transmission line to be
constructed between the proposed hydropower station and the
associated substation, voltage of 33 kV or 66 kv is taken into
consideration. Using data from SESCO for reference, the unit
price is estimated at M$72,000/km and M$160,000/km for 33 kV and
66 kV, respectively. For lines in mountainous areas where access .
is difficult, a higher rate is applied.
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The cost of equipment to be installed at the receiving end
is included in the construction cost of the line.

11.3.5 . Land acquisition and compensation

" Land. acgquisition and compensation costs. for the potential
sites are estimated at M$1,500/ha referring to cost data obtained
from the Batang Ai hydropower project. Lands to be submerged and
to be resettled were estimated based on information extracted
from map and collected at time of field reconnaissance.
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CHAPTER 12. POWER DENAND FORECAST

12.1 Pravious studies by BANA

The following two reports deal with in certain detail power
demand forecast for the whole Sarawak including the major load
centres; ‘

(1) Master Plan for Power System Development (Volume II
: Annexes), April, 1981, SAMA Consortium :

(2) Recommendations for Sarawak Hydropower Development,
February, 1983, SAMA Consortium.

The latter has been prepared in a manner to review the
former master plan, wherein no notable difference between them is
observed. The latter report examined forecast in two cases, i.e.
minimum and medium forecasts, until the year 2000 for the whole
Sarawak, which are summarized below:

A D T T A AL S W TR SAN S G S S P Y S e G ke e M AT A CH T et G A A A T e e ekl S S D S T s Ak il e ey e A A S

Peak Demand Average Growth Rate per Annum
Case in Year 2000 -—————mmmmmm e e
: (MW) 1980 - 1990 1990 - 2000
Minimum 600  14.1% | 8.2%
Medium 1,075 26% 1,7%

T i — . S W T VY S P Y T Son e v 4 A AP S e e e SAS A T P P g el S W S R ey . ekl S PR T ) M S S Y P S

12.2 Aggregats Peak Demand Forecasted by BESCO

According to the data provided by SESCO, peak power demand
up to year 2000 and 2010 for the whole Sarawak is estimated at
469 MW and 860 MW, respectively taking an average growth rate of
7.3% per annum into consideration. As for the selected four load
centres, the forecasted value in 2010 is as follows:

Load Centre

Description @ = ----- e e e e e e e e e e e e
Sarikei Sri Aman Limbang Kapit

——— A S > T > o S P e A S S g ey — S S S S i T S S S - e S S S D g G A S — — i S T S A S e - —

Peak Demand (MW) 27.0 16.9 12.4 4.1

Average Growth
Rate per Annum(%) 9.1 8.9 T3 5.0

——— - — —— T . Sy ) S S S G U gy Y S D A A G G S Y G G S WS YUV AP AN GRS SN G, TN WY A P Y N S P S W S AT S e il e S A

Power demand growth curves projected by SAMA and SESCC in
each load centre are shown for Figs.IX.l and IX.2 of Appendix IX
(Volume VIII).
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12.3 Power Demand Forecast Applied to This study - -

Of the above two forecasts, SESCO’s projection seems to
represent more updated figures in view of coincidence with actual
records in recent years. Accordingly, this study will be at
moment based on demand projections prepared by SESCOQ.

Fufther detailed demand fdrecésﬁ wili be prébared for the
finally selected demand centres during the subsecquent feasibility

study stage.



CHAPTER 13. ALTERNATIVE POWER BOURCESB

13.1 Type of Alternative Power Plants

In view of size of the identified hydropower schemes,
ranging between 3 MW and 27 MW, the thermal power alternative
would be either of the following:

(1) Diesel power plant

(2) Gas-turbine power plant.

At this'identification study stage, it is assumed that the
diesel plant would be the most likely alternative, leaving a
further examination during the next feasibility study stage.

13.2 (¢oat of Alternative Power Plants

The capital and running costs of diesel power plant are
estimated. sc as to measure the hydropower benefit, which is used
for preliminary evaluation of the proposad small-scale hydropower
scheme. '

13,2.1 Capital cost

~ The said cost is estimated based on the conditions as
mentioned below:

(1) Cost estimation will be based on a price level
prevailing in the middle of 1986.

{2) All major items of the plant and equipment are
supposed to be imported from outside Malaysia. Taxes,
such as custom duties and import taxes, are not
included in the capital cost.

(3) Associated costs, such as physical contingencies,

engineering fee, etc. will be counted in, but no price

" escalation and interest during construction will be
considered.
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Based on the prices in current international market, unit
construction cost of the diesel power plant is estimated as
follows:

500 - 1,000 kW 3,200 MS$/KW

2,600 MS/KW

[}
*e

1,000 2,000 XW

2,360 M$/KW.

l‘
8

2,001 3,000 kW

13.2.2 Fuel and 0&M cost

The fuel costs are assumed based on the SESCO’s statistical
data of fuel oil as described in Chapter 3.

: On the other hand, operation and maintenance costs are also
estimated in terms of either a ratio to the construction cost or
unit cost per generation of k¥Wh.

values and figures used in the evaluation are presented in
the succeeding Chapter 14. :
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CHAPTER 14. THIRD BCREENING

14.1 General

Seven (7) potential sites have been passed to a further
study in the third screening. The seven (7) potential sites are:

L S P T G TR SV W WS D e e T W ey et ey Sk U G GAD A A U P G e guar e e s S AR T S S T o  (ack 4l S P WO T

Load Centre Potential Site

Sri Aman ‘ SEKRANG-1 SEKRANG~2
Sarikei KANOWIT i

Kapit . : MUKOH KAPIT-2
Linmbang PASIA MEDAMIT-2

A revised power output calculation was made for nine (9) and
six (6) cases of alternative development scale for reservoir
and run-of-river type development, respectively, to examine an
optimum scale at each site. '

The developﬁent scale of each potential site is determined
placing the following criteria:

(1) A development scale is in principle to be the scale
‘giving the lowest kWh cost (cost of generation per kWh)

(2} This study env1sages a power development plan up to
year 2010. In case the development scale defined in
(1) above is larger than the power demand level in
2010, a scale eguivalent to the latter is regarded to
be the maximum development at the site.

Relative attractiveness of each site 1is then examined in
comparison with costs of alternative thermal power (herein
assumed to be diesel plant). The comparison was made in terms of
present worth of cost streams on economic cost basis over a time
span of 50 years after the hydropower is installed.

14.2 Bvaluation of kWh Cost
14.2.1 Kwh cost index

The kWh cost at each potential site is calculated for all
installed capacity alternatives derived from the power output
calculation. Annual energy is calculated for firm and secondary
energy output. At this evaluation stage, the secondary energy is
assumed to be worth at 50% of the firm energy for equitable
comparison of various schemes having different firm and secondary
energies. Result of the kWh cost index obtained is illustrated
in Figs. 14.1 and 14.2, The potential economic development
scale which gives the minimum kWh cost is shown in Table below:
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Load Centre SRI_AMAN _ SARIKEIL KAPIT ~LIMBANG
Potential Site SEK~1 SEK-2 K’WIT MUKOH KXAPIT-2 < PASIA MED-2
Development Type (RES) (RES) (RES) (RUN) (RES) (RUN) {RUN)
Installed _
Capacity (MW) 11.8 21,3  25.1 1.94 8.0 25.9 4.6
Dependable Peak . . | . .
output (MW) 11.8 21.3 25.1 1.94 8.0 8.5 2.0
Annual'Energy o C
Ot;tput-(GWh)' 54.9 95,3 123.7 16.7 40.2 189.0 36.6
Plant Factor (%) 50 . 50 50 100 . 50 80 86
Construction Cost BT v , .
(million M$) i17.6 217.6 270.9 21.3 83.8 . 120.0 48.1
M #/kWh* 27.0 28.6 27.6 16.1  26.4  11.6 22.7
Remarks : SEK-1: SEKRANG-1 = MED-2: MEDAMIT-2
' - SEK-2:  SEKRANG-2 (RES) : Reserveir development
T T ... type :
K‘WIT: Kanowit (RUN): Run~of-river

-development type

* : The figures represent hydro enerdy cost on the basis
- that all part of primary. energy and 50% of seccndary
energy are saleable.

The above index value of Mg/kWh indicates that some of the
proposed sites seem to be marginal, compared with the current
average power rate of M ¢ 30/kWh, although they represent the
rate per "firm energy + 0.5 x secondary energy".

14.2.2 Selection of development scale for comparison

Applying the criteria given in Section 14.1 above, installed
capacity for the potential sites 'is selected as follows:



(Unit: MW)

A T — vy S 3 B ALs A 200 S S I W 4N WY AR A SN M W S e A R S T P L i e et e G S0k S S el e AL BA TR S YL S I ek K S S Y vt S S i e

Ak e e VS Y L s o e VS T VA T T T ok e s W A B IO W TP SMald S U WD Y WS £ S D G S P R e e S SR RS R WY G A S L S G0 e S AR Ao T S G e -

Demand in 2010 17.0 17.0 27.0 4.2 4
Optimized scale* 11.8 21.3 25.1 1.94 8
Installed capacity

selected . for 11.8 17.0%% 25.1 1.94 4.2%% 12.4%% 4.6
further analysis

—— v $000 e ke . AT S B Wk ek et G R N S N A ST U (A A SR S A e e G M S S S i Wl e L S CAS T W T M T S S S S 1) S b

Note: * Optimized in terms of lowest kWh cost {See 14.2.1
_ above)
** Determined to be eguivalent to power demand 1eve1 in
year 2010.

14.3 Evaluation of Project Viabiiity

Economic viabillty of the proposed projects is evaluated in
terms of comparing the present worth of costs of hydropower and
alternative thermal power.

14.3.1 Hydropower costs

The cost for realization of the projects is estlmated
firstly on financial cost basis including costs of engineering
service, land acquisition/compensation and physical contingency.
All the costs are estimated in Malaysian dollars at the mid-~
1986 price level with a foreign exchange rate of US$1.0 = M$2.6.
The estimated construction cost of seven schemes is shown in
Takble 14.1.

(1) Cost disbursement schedule

The construction work period is assumed. to be three and
four years  for run-of-river type and reservoir type projects,
respectively. It is assumed herein for comparison of schemes on
a common basis that the construction work will be started in
1291 on the hasis of the following schedule of preconstructlon'
act1v1ties.

- Feasibility study : Up to April 1988

= Financing arrangement : ¢ 1 year up to March 1989

- Detailed design ¢ 15 months up to mid 1990
- Tender and contracting ¢ - 6 months up to end 1990
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