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FEASIBILITY STUDY OF MINI HYDRO PROJECT
AT UPPER LIWAGU RIVER BASIN FOR' SABAH
ELECTRICITY BOARD {(SEB)

JINTRODUCTION

With the high cost fuel, and the prospect of continued fuel
price escalation, the rural electrification programme
5ecomes costly. It is therefore important that the projeéct
be implemented as early as possible in order to provide an
alternative renewable cheap energy source for the area

concerned.

2. The proposed project area is presently being supplied
by diesel stations and in the near future will-bc supplied
by the Caraban Mini Hydro Station. The proposed project
will reduce the dependence on fuel and reduce operating cost

in the long run.

3. In pursuance of the above objective, the SEB intends
to carry out the Feasibility Study that cover the scope of
the Upper Liwagu river basin, 1in Ranau district. A sketch

map showing the boundary of the study area is enclosed.

SCOPE OF WORK
4. The Consultants, shall undertake a Feasiblilty Study of
the Mini-Hydro potential of the above-mentioned river basin

and also undertake the technical and economic studies, field



investigations and related work for the development of Mini-
Bydro Scheme with a view for implementation at appropriate

time.

5. The study will include a detailed analysis and
evaluation of the costs and benefits of the power aspects of
the river basin comparing it with the alternative source of

power for providing electricity in the area concerned.

6. In considering the suitability of the river basin for
Mini-Hydro electric projects, the Consultants wmust satisfy
that the project will form a fully integrated system within
5 to 20 km of the rural areas the project is intended to
serve. "Run-off-river" type should be given priority to the
“Storage Type". The later will be recommended only if it is

found to be more.beneficial.

7. For the feasibility study of the above-mentioned river

basin, the Consultant shall:

7.1 Select the Dbest site(s) along the river with
respect to water intake point and power station
site,. If the site selected has a potential for
future Major Hydro installation, the selected
Mini-Hydro site(s) should be as such so that

fFuture major hydro installation would not make the
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site({s) redundant or future development would be
spoiled. Cascade development should be
considered;

Carry out the necessary site investigations
including ‘the assessment from the peints of
geology, hydrology and topography of the selected
sites;

Identify works to be performned before the
commencement of detailed Engineering Study such
that Employer can carry out such work in adﬁance;
Undertake a survey of the longitudinal section of
the river channel at’ the site and the proposed
conduilt route to determine level and typical
cross- sections and also a cross section of dam
site and intake works;

Obtain all relevant documents consisting of
topographical maps, aerial photographs, geological
maps, land wuse maps, and hydrological data from
the relevant Governwent Agencies. The cost of
these documents will be reimbursible to the
Consultant in obtaining these documents;

Collect all available rainfall and stream flow
data for the area, and to initiate a collection

programme in Uthe arca if considered necessary;



7.8

7.9

7.10

7.11

on receipt  of  topographical, geological and
hydrological information, prepare detailed design
plans of the developrent, including a
specification for the power station.plan, and make
a cost estimate, having particular regard to the
foreign exchange requirement 1f materials or
workmanship/expertise are imported;

Estimate the cost of diesel generation, or other
alternative means of generation available at the
sSite;

Mzke an economic study of the Mini-Hydro power
development' progranmme and select the best
implementation Time Frame for the schene or
schemes with respect to current development
programme in the are.. In this connection the
consultant will prepare a load forecast for a
period of 25 years for the area under study;
Determine the power capacity to be installed for
the sites or sites selected, and determine the

costs of each of the following:

1) Civil enginering works
ii) Turbine and engineering eguipment

iii) Transmission and distribution systen

Prepare detalled quantity and cost estimates of



7.12

n

land acguisition, engineering design and
construction supervision costs for the vproject
including adequate allowance for the price
escalation, Provide adequate justification for
prices used and their subdivision into components;
Present an adeguately detailed implementation Tiwe
Frame for the projects taking into consideration
the projected demand cf power, and current or
future planned generating capacity available in
the area under study;-

To prepare drawing consistent to standards of a
feasibility level study;

To undertake an EiA Study as required by the EIA.

Guidelines, if necessary; and

From the results of the invesligations, and
analysis, the ceonsultant shall vprepare cost
estimates for each project taking into
consideration, among othar things, the local

construction capabilities, prices of major items
of construction equipment needed to carry out
construction and recommend the least cost methods
of construction. The Consultant shall also submit
cost benefit analysis for ecach project comparing

it with other alternative means of generation.



ITI.

Iv.

BENBFITS AND_JUSTIFICATION

8. Phe Mini-Hydro schemes are expected to be gimple
cchemes where all efforts should be made to mipimlze cost by
congidering its technology and maximum use of local
m&terials, doing away with expensive strucltures, matallised
roads and complicated designs. The whole installation shall

as far as possible c¢ouse minimum dist.rubance to the

gnvironment.

9. In view of the need to transfer technology for planning
and development of Mini-Hydro power projects to the staff of
sEB and Local Consultants, the Consultant is required to
work c¢losely with thewm as their counterparts throughout the
gstudy period. As far as possible the preliminary design

work should be carried out in Sabah,

10. The Consultants will complete thelr work within six
monthsa,., This lInclude time for the review of the consultunts
interim report and debrlefing meeting among the Consultant
and SEB as well as for the review of the draft final report
before the consultants flnallze and submit the Final report
to the Employer. It is anticipated that a total of 8.5

manmenths of Consultants' gervices will be reqgulred.
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VI.

REPORTING

11. The Consultants shall prepare and submit the following

reports in Euglish:

al

b)

)

d)

An Inception Repert within 15 days of commencement
of thelr work. This report will «contain the
Consultants approach to the study and detailed

work schedule.

An Interim Report within 3 months of commencement
of their work. This report will contain the
Consultants findings and recommendations covering

the first 3 months of the study.

A Draft Final Report within 5 months of
commancement of their work. The report will cover
the entire terms of reference of the study with

guificient detail for review.

mn

Final Revort within one months after receipt o
the comments on the draft final report from the

Employer in 25 copies.

CONSULTANT'S QUALIFICATION AND EXPERIENCE

12. The Consultant's must have extensive experience in the

field related to mini-hydro.

- ll_.



VIT. PROJECTS STUDY COORDINATION/MONITORING
13, A Steering Committee and Technical Committee will  hs
established to coordinate and monitor the progress o©f the

study. "
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1. INTRODUCTION

In response to the reqguest of the Government of Malaysia, the Government
of Japan decided to conduch a feasibilily sludy on Small Scale lydroslechric
Power Development Projecl abl Upper Liwagu River Basin in Sabab (hereinafter
referred Lo as "the Study”) in accordance wilh the relevant laws and

regulations in force in Japan

Accordingly, Lhe Japan lntcrnational Cooperation Agency (hercinafler
referred to as "JICA"), the official agency responsible for Lhe implementalion
of the technical cooperation programmes of the Government of Japan,will
undertake the Study in close cooperalion wilh Lhe relevant Malaysian

authorilies.

The present document sels forth the scope of work with regard to the

Study.

. OBJECTIVE OF STUDY

The matn objective of the Study is to formulate an optimum plan for Small
Scale llydroclectric Power Development Project at Upper Liwagu River Basin in
Sabah (hereinafter referred to as "the Projecl”) through assessment of its

technical, economic and financial teasibility.

1L, _SCOPE _QF_STUDY
The Study consists of the following Lhree (3} stages :
I. ldentification Slage
2. Field Tnvestigation Slage

3. Preliminary Design Stage
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The details at bhe respective stages are itemized as foilows :

1.

Tdentificalion Stage

(1)

(2)

(3)

(4)

Data

colleclion

Golleclion and review of existing data and informalion related

Lo Lhe Study

dite

(a)

(b)
{c)

(d)

{e)

reconnaissance

Ground surface survey on topography and geology al Lhe
Project site

Preliminary hydrological survey

Preliminary study on envirommental impacl, resebtlement
and compensalion

Subslation and transmission line roules from the Project
sile Lo the exisling power system

Access roads and transporlalion

Power study

{a)

(b

(c)

Sile

(a)

(b)

(c)

feview and analysis of existing and planped power supply,
subslation and transmission facililbics, including
operalions Lhercof

Review and analysis of power consumption growlh and
characleristics of ils pattern

Review and analysis of power demand and its peak demand

Lill the vear of 201H

selection study

Formetation ol alternative schemes in consideraliovn of
Lotal developnenl ai wpper lLiwagu river basin

Sitte selection among Lhe allernatives from Lhe technical,
economic and environmental viewpoinls

Preliminary layoubt ol the seletcled scheme
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b Preparation of specificalions

Preparation of technical specilicalions ol the sclecled scheme

2. TField [nvestigalion Slage

(1) Topographic survey

{a)

(b

Photogramnetric mapping including ground control survey on
the basis of existing acropholos

Topographic survey and mapping of Lhe sclected site

{2} Geologzical investigalion

(a)

(b)
{c)

(d)

Prilling work and permeabilily Lests al the main structure
siles

Seismic prospecling at Lhe main structure siles
Ficld/laboratory test of the conslruction materials such
as concrele ageregale

Preparalion of geological map

{3} lydrolegical survey

{a)

{1}

fibservation of rainfall, strecam flow discharge and
scdimenl loads
Hiydro-metcorological study and analysis of discharge, and

estimabion of sodimenbation

(4} Enviroomenlal {mpact study

(a)

{c)

Enviconmental lopact asscssment
Invesligation of reseltlement and compensation
Estimation ol Lhe cost of the eavironmenbtal impact

mitigalion, Lhe ressetlemenl. and Lhe compensalion
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3.

Preliminary Design Slage

(1)

(2)

(3)

(5)

Seleclion of the optimum plan
{a)  Formulation of allernative development plans

(b} Comparalive study and selcclion of Lhe oplimum plan

Preliminary design
Preliliminary design work of the power plant, switchvard,
transmission line and substation including temporary

consiraction facililics

Coust eslimalion
{a) The cstimalion of Lhe cosl of Lhe plan in terms of logal
and loreign currencioes

(b) Scheduling of yearly disbursement

Construclion plan
Formulation ol the construction plan in a time-oricnled bar

chart

Economic and financial analyscs

{a) lconomic analysis composed of the project cosl. operation
and maintenance costs, economic analysis of allernative
resources, caleulabion of Lhe coonomic internal rate of
relurn and itys scnsilivily analysis

(b) Financial analysis cumposed of financial! project cost.
cash lNow, calculalion ol the linancial internal rate of

relurn and ils sensilivily analysis
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1y, STUDY SCHERULE

The sludy will be conducted in accordance with the lenlalive time schedule

as shown in Appendix 1.

V.. REPORTS

JICA shall preparc and submit the following reports in Eonglish to the
Goverament of Malaysia
(1) lnception report

10 copies within 1 monLh alter commencement of the Study

(2) Interim Reporl

10 copies wilhin 2 months after commencement of the Study

(3) Progress Report

10 copics within 8 months afler commencement of the Study

(4) Drafl Final Keport

10 copies within 13 months afler comencement of the study

(5)  Final Report
2h copies wilhin 2.5 months allter receiving comments {rom Lhe

overamend. of Malaysia on Lhe Bralt Final Report

The Japanese Study Team (hercinafter reflferd to as “Lhe Team”) should

ensturc Lhal all data, information, maps, malerials and findings
conncected with the sludy are kept conlidential and nol disposced of or
revealed Lo any third parly excepl with prior writien consent of Lhe
Governmenl of Malaysia. Such wmaps and acrial pholographs arc Lo be

returned Lo bthe Goverpment of Malaysia immedistely upou complelion of
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the Study. All reports when linalized and submitted Lo Lbe Governmend

of Malaysia shall remain the property ol the Governmenl of Malaysia.

VI._DIVISION OF TECHNICAL UNDERTAKINGS
The division of Llechnical underlakings by the Government of Japan and the

Governmenl of Malaysia is detailed in Appendix 11.

VIE. UNDERTAKING BY THE GOVERNMENT OF MALAYSIA

To Facilitale smooth conduct of the Study, the Governmenl ol Malaysia shall

Lake the following ncccssary measures:
{. To inform the member of the Team of any existing risk in the study
area and to take any measurces deemced necessary to ensure the safety

ol the Team.

2. To secure Lhe necessary enbtry permils for Lhe Team to conduct [ield

surveys in Malaysia and exempl Lhem [rom consular fees

3. To cxempt the members of the Team from taxes and duties as normally
accorded under Lhe provison of Malaysian General Circular No. 1 of
1979, on cequipment, machinery and other materials broughl inlto and

oul of Malaysia lor the conduclh of the Study.

4. To exempl Lhe members of Lhe Team Irom Malaysian income tax on Lheir
oflicial emoluments in respech Lo their period of assignment in
Malaysia in conneclion with Lhe conduct of Lhe Study, bul the
Governmend of Malaysia shall relain Uhe righl Lo take such cmolumentls
inLte accounlt for Lhe purpose of asscssing Lhe amount Lo be applied Lo

income from other sources
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0.

12.

To provide necessary facilitics to the Team for remitlance as well as
ulilization of Lhe funds inbtroduced into Malaysia from Jdapan

in conneclion with the conduct of the Study.

To secure permission for enlry inlo privale properties or restricted

areas for Lhe conduct of the Study.

Tae provide Lhe Team wilh medical scrvices when nceded, but the

expenses will be chargeable bto Lhe members of Lhe Team.

Ta provide the Team with available data, maps, drawings and informalion

necessary for the excution of the Study.

To make arrangements for the Team to take back Lo Japan the data, maps
and malerials connecled with the Study, subject Lo the approval of

the Government of Malaysia in order Lo prepare the reporls.

To appoinl counlerparl personncl Lo the Team during the study period.

To provide the Team with suitable office space with clerical services

and necessary office equipment. in Kota Kipabalu.

To provide the Team with adequate means of local transport flor

oflficial travel only.

To indemnify any member of the Team in respect of damages arising
from any tegal aclion against him in relation to any acl performed or
omissions made in undertaking Lhe Study except when the Lwo
Governments agree thal the member is guilty of gross negligence or

wilful misconduct,



14. To nominate the Sabah Klectricity Board (SEB) to acl as counlerpard
agency lor the Study and Lhe Eeconomic Planning Unit (EPY) as Lhe main

coordinating body in relation Lo ather relevanl Governmental and

non-Governmental organizations

VI, UNDERTAKING BY JICA

the implcmcntatinn of the Study, JICA shall take the foliowing

For
measures:

1. To dispatch, at iLs own expense, Lhe Team Lo Malaysia.

9. To pursue technology transfer Lo Lhe Malaysian counterpart personnel

in the course of the Sludy.

IX. CONSULTATION
JICA, LEPU and SEB shall consull with cach other in respect to any matter

thal may arise from or in conncchion wilh the Study.
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3. M/ MOAER

19913 3 J1 12 il X v/ Steering  Committes Meoting OEIE: (M/M) L& LN
a5,

Minutes of the First Steering Committee
Meeting on the Small Scale Hydroelectrie
Power Development Project at
Upper Liwagu River Basin

Date : 12th. March, 1991
Tiwme : 3.30 p.m.
Venue : Conference Room D,

4th. Fldor,
Economic Planning Unit

Present
MALAYSTA
1.  cik Siti Hadzar Mohd. Ismail -  Economic Planning Unit
(Chairman} {EPU)

2. En. K. Thillainadarajan - EPU

3. En. Tham Ah an . - EPU

4. Puan Wan Norma Wan Daud - EPU

5. En. Amat Aji - Sabah Electricity Board
(SEB}

6. En. Hanan Hj. Elias - Federal Development
Department

7. En. Mohamad Yazi Md. Zin - EPU

JICAR

1. Mr. Nobuyoshi Kakuma - JICA Study Team (Leader)

2. Mr. Minoru Suda - JICA Tcam (Member)

3. Mr. ¥Yuji Otake - JICA Team (Member)

4. Mr, Murac Toyama - JICA Team (Member)

5. Mr. Hiroshi Mito - JICA Team (Member)
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Enbassy of Japan

Mr. Shunichi Hamada

JICK Malaysia Office

Mr. Kuniaki Nagata

Madam Chairman welcomed all members of the Steering
Committee and stated that the purpose of the meeting was to
discuss and finalise the scope of work for the feasibility study
on a Small Scale Hydro Elcctric Power Devglopment Project at the

Upper Liwagu River Basin.

2. The meeting was informed that a Technical Committee
Meeting had been held at SEB in Kota Kinabalu on 9 March 15921 to

iron out some technieal issues on the draft scope of work.

3. The meeting agreed that the proposed feasibility study
wil) draw upon findings of the Hydro Power Options Study carried
out by Tonkin and Taylor in 1990 which identified 19 sites along
the Liwagu river basin. The proposed study will review the sites
and may identify a few more sites, Subsequently, several sites
will be choosen for prefeasibility study and finally only one

site will be selected for feasibility study.

4. The meeting was informed that the proposed study would

be undertaken in three stages, namely

- 98 —



(1) identification stage
{i1) field investigation stage

{iii)preliminary design stage

5. on the p{uposed time schedulg, the meeting was informed
that SEB would need two months to do the necessary preparatory
work before the implementation of the field investigation stage.
The meeting was further informed that certain JICA administrative
requirement. with regard to the timing of the financial year wogld
have to be considered. It was agreed that the time schedule be

adjusted accordingly as shown in Appendix I of the Scope of Work.

6. The SEB agreed to undertake the environmental impact
asgsessment (ETA), geological investigation as well)l as the
topographic and hydrelogical surveys as proposed by JICA. JICA
would play a supervisory role in these activities. The meeting
agreed that, at this stage, the EIA study would be preliminary in
nature. It was algo agreed that a hydrological gauging station

will be established as soon as possible by SEB.

7. In responge to the Malaysian Government‘s request, JICA
would endeavour to undertake the bulk of the study in Kota
Kinabalu with a view to transfering technology %o SEB
counterparts. Alternatively, SEB counterparts would be sent to

Japan for training. The SEB agreed to provide one civil

_29_



cngineer, one mechanical oengineer, one electrical engineer and

one or bLwo tiechnicans as counterparts for the study.

8. The JICA team reguested some classified documenls such
as topographic maps to be brought back to Japan to enable them to
prepare their tender documents, The wmweeting agreed that the
classified documents can only be accessed by JICA through
diplomatic channel, JICA was requestoed to submit a list of
documents required. The team was ensured that these documents
would be made available to them at the Malaysian Embassy in

Japan.
9. There being no other matter to be raised, Madam

Chairman thanked all members of the Steering Committee for their

presence and comments. The meeting was adjourned at 4.10 p.m.

yazi/oki90/minit
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NI G0 TETEA CRHGRE TR L A, Y s CibE o b o SHBN AT 5 o
Vol A Al

X W, 4 SEBAEINU A3 HE

(st : #P - -18)

T % ® i =

W OHh SR i odm oA W Al #

Malang Kap 1X 500kw S.¥aiginatal | Xota Belud g
Merotai 1x1,000kw | S.Merotai Tawau kg
Kemabong 1X 500kw Tenom

gHaR




@ S EBRIBUEPKIFE A vy P Fudes bELTC, 2420 ¥R v (SG
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Ranau) « ¥¥ 7 (Sayap) (S. Wariy,Kola Belud) . <=9 22357 (Marak Parak) (5.
Kinaram,kota Marudu) O F /S&MML. A3 v d&¥¥ SR A L LD, v
2125 7 4o 2 ML © bR LR DO TCRT AR BT L &Rt A I NTHLNEY v Y
Mol Bambangan T4 nlont s friit L Th b,

# M. 5 S EBOARIIBERR
(HHL : R - 28)

g il B i (KW il N # it W X {ié #
GCarabau 2 % 1000 Liwagu Ranau L _ iR
Sayap 2 X 500 Warium Kota Belud o

@) SEBHY 7 ZNFEBROMIEEHE LTAFY2maryuy s (WLPU) SREL,
19844E 1 1, 00MY DA B4R, TO0GHD A {38 T % 5, S TEOMSEIBic>WTDv A ¥ -
5 AR LR, oS 1988461 Uy Z ikt (Ranau~Telupid) G bR
Prek /S5 4R ER L, COMSEUSRARTHEREO Y 2y (Lipaso) g (Tipaso,
165 MW 123KV TREB270km) 12D W T F /S BT » fo, AFIBIE AT GO MR AL S
%o (BF Pl 29)

@) SEBRTI7HFMT (ADB) OEYTIBEI Y~ E ¥ 5 U 7 M CLOMIRD VKT 3R
-0 T Tonkin & Taylor &3 LPreF / SA&HM LA,

TEAA T VTR O = 2 0¥ — R & RIS ERFTOT ORFEL 29I B D ST HE
RL& LCHR®D b by v,

F-I & ADBEDC.E S foog it
Qlidh ;B --18)

fh & # oA R ol 4 fr i IX
Naradau 800 kw Mesilau Ranau
Mesilau 300 kv Liwagu Ranau
Tendulu 250 kw Tendulu Tanbunan
Pampang 500 kw Pampang Tanbunan
Baiaya 1,800 kw Baiavo Tambunan




L fiied 5 5 Naradau  (EERESET0ITofEHD & Mesilau Y v 2 N3N 4 W D% ElEA
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(5) W%W\mﬂMﬁmﬁfvaV'RﬁfJM(Mﬁmﬂ%ﬁ)&LfTan&?ﬁwmﬁ\ﬂ
AR DA 8 WL D > BRI Tawau (33D Segama (25HDIA) | Svgut (22N
Pantai Barat (GOHHN) @ 4 HUXOPreT /S AT, Thic b 14 OBISEY 2 25 L
2o g5, BRD O 4 B0 WIS, Peusiangan TS AMEC . Padas BIBRA U 2 - F 2D
AWy bBREEIL Tl Y 9 PN O oy vy v B IRRIE AT H S, IS
WA IO & LCy 482 Y 9 201 [HERe > W RLERFlie & 0 2484858 L tn b, o
AR DM, | MWELLOE[TiE A & 5 o BRENIE IR L19M I &E 12505, caoiiz v 7 770
AMNDEDE LT, RDTIMESEENTHS,

AET OIS R OUBR SR T ORI E L CITHY boch b, (BF  HR-5. 18)

- WL 7 0o AN OR] L i)
Gl s Bkt ©)

Map Sheet No Site Name Intake EL Tail EL Capa. M¥
5 /116 /3 Lobok 4000 ft 3500 ft 1.0
# Gantong A 2800 ft 2200 I 6.2
” Gantong B 2800 Tt 2000 ft 8.2
” Pakai 2050 It 1360 [t 10. 2
o Kigiok B 1480 Tt 1200 [t 8.4
s Kigiok A 1500 1 1410 1t 2.8
” Nampasan 1260 ft 1140 ft 7.3
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oW, 8 v f oK FER DL
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oW ) 7 o IX 7 al L
ar M3 2 i 11} mWwiw e T
kw) ¥ 7K e Ko
. fian Ix 110 ] KotaBbelud | Kadamaian fadamaian
af Pukak i 240 [ Tuaran Tuaran Tuaran
Poring 1x 250 Ranau Mamut Nigong
i Tenonpok 1x 80| Tambunan Nukakatan Mcnsangoh
) Tambtunan 1x 240 Tambunan Tandulu Pegalan
Togop 1x 250 Ranau Pandiruan Sesapan
Bowbala 1x 1000 Tawau Tawau Tawau
Mesilau 2xX 100 Ranaun Mesilau Liwagu
| (hs487 1 85 -
l’ — PR
h ab 2465
g Kemabong 1% 500 Tenon
e Merotai 1x 10080 Tawau Merotai Merotai
Sayap 2X 400 KotaBelud Wariu Wariu
" Malangkap 1x 500 KolaBelud Panafaran Waiginatlai
L) 3000
it Garabau 2X 1000 1 Ranau Bambangan Liwagu
Tomani 1% 500 [ Tecnom Patian Padas
L b al 2500
T af 7965
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2w, 9 HEAIEAR
(B« ekt -15)
2 M MOl K W Ko (Hi#) fii #
g U M 0~ 40 kwh | M$ 0. 24/kwh{ ¥13)
AE~200 kwh | M$ 0.16/kwh( ¥ 9)
201~ kwh | M$  0.28/kwh{ ¥!15)
I AL M$  5.00 (Y270)
. I i b
R | 0~ 1000 kwh { M8  0.32/kwh( ¥11)
1601~ kwh { M$&  0.27/kwh( Y15)
it (KT 42 M$ 15.00 (Yso00)
P2 [ W AKHTIR
#AR 4 M$  15.00/kw (Y800) 50 0kwpll
M&  0.25/kwh( Y14)
R I H & M$1000.00 {¥54000)
. _ . ]
AL 0~ 2000 kwh [ M3  0.32/kwh{ Y1T7)
2001~ kwh | M$  0.26/kwh{ Y14)
R (10 3 R ME  15.00 (Y800)
T %2 4 R AR
WK 4 ME  15.00/kw (Y800) 6500 k wkli
M$  0.23/kwh( Y12)
e (¥ 4 M$1000.00 {¥54000)
e _ . ]
/N 1 . M$  0.80/kwh( ¥1¢6)
A=y -y adt B M S 050027
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A0 01 ) i it

Bedukan 440 Liwagu 1969-1980 | Ranau Fifi¥ 9 km
Tanpias 2070 Liwagu 1917 -1987 | Ranau Fif¥ 56 0 km
Tomboloi 2460 Liwagu 1963 t0717
Porong 3240 Lahuk 1963-1988
Basai 700 Tungud 1963-1968

Pl — 2 BB U TG 2 Py T—wdh D1 DO - &350 5 RS R 5 $ el Mk
D> T b,
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WTRAY 7 (Porong) BIRE 4 — 25— v a v & LCHERMNRY ohvcnd, (& V. 4
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R R T N I R AT o H B T T S N T UK B B T YOO B T N N (PRVE SR BT 2 30 5 T W B L R
Feb | 18,61 89,20 0.9 |--tosl2|t2s51 6% 24.8 ) 162,57 ser.9 ) U5 2| 220,07 Tadsig | 2306
T I O T IR R N OO R O Y e N R A IS G B IR P 0 S T N ) ST I T DY B T S
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“Det 9.0 12,0 v | osa.a| 1z6.A . B30a|0 126.9 | 170.7 | - 80.9] 172.87 2500 101.3
Nov | 9.4l 1sis| - gopf - eeyf.168.5| s3. 2 130,3] 1902.3| 8.3 17608 285:%|. s0. ¢
Dec 8.4 1500 g2 | a06od | canell bz |ot2sia| 22403 C4ls | 18T 09| 831
-, 4 FoyZ7HEoRR (ht: BE -4
Year © 19641977 BB (%) s 10 15 20 25 0 35 10
" Total - :4,552 days LR (n/s) 398.9.307.2 261.4 .228.1 201.9 844 189.0 1563
Wax. - " :'2.633.'-(m-.'/ s 3 . _ _ .
Hin. :10.8m '/ s PiB (%) s 80 55 80 . . 85 10 15 80
) ,we', ' ;15_1.9&.*/5 Folh(n'/s) 1440 43308 ter.s 1128 w032 976 BB 58.8
Coefficient of . . : ) . .
River Regime :244.4 Dm0 8 % 95 % 81 a8 99
o BB (n'/s) 59.5 503 385 358 14 25.5 119
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E-1v. 5 THIFO R (L B@RD

o i & ok M IR AE % W L b Rt A1 HERY L Tk I
(km?) (10°m® /4F) (10°m?/4k)
Tenom Lana 7,718 813 1,048
Kemabong 3,180 218 262
Tangkular 5, 7130 1,103 1,324
Porong 3, 240 314 149
Bridge No.2 243 6 7.2
Penampang 200 22 26.4
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