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L1 Am aid Objective of Stqu B :-"l"3" f’i J’f‘

_ :ectric Development Project to be o
developed on the Tekai River, a tfibutary ‘of the Tembeling River of the

_ Pahang River ‘Basin in' Pahang State of Hest Hala”sia.f"'"{ e

,;;“,K As for the;Pahan%-River anﬁAustralian team conducted a study '
of the entire basin of the said :iver from 1972 to 19?4 on a Government-

'to-Government basis.“The team forvarded a report dealing with the results ’

aof their study of which emphasis was placed;on the aspects of flood
nitigation and control 1n development of the'riverr,

:E@zeﬁ;g iﬁ'fi

EER IS K f:‘;f

The mission bf the JICA Survey. téam wés to review the Tesults
: of the previous study performed by the Australian tea- from an angle of
ihydro-electric power deveiotment._; e R S R

Because of the above histbricai background _this report pre—

seﬂted hereuith has béen prepsred based upon the first -hand’ 1nformation

obtained during the éourse of the site investigatiens ‘ndﬁalso ‘on the'

L Y
‘.L,JH‘J iy ot

résults’ of analysis oE data and information made:availabie toithe team

;:in Haiaysia after their return home to Tokyo. e

1.51"§E§pé‘of Rork

- Tbe feasibility study of the Tekai Bydro electric Dévelbpment
Project Hill Be undertaken at the following three stages.;

PR

(l) Stage 1z A preliminary investigations S e
-if(Z)”“Stage'2.~ A-detailed=site investigations i

" (3) ‘Stage 3: Planniag based on feasibility



~ In order to achieve the’ objectives given in the previous

section, studies were carried out on the foliowing items at . the stage
of preliminary investigations. '

i) Collection and analysis of existing data and information

ai Electric power situation ia Halaysia

b HeteorolOgY and hydrélégy 'ffi; ?;fﬁi’fFJ f?'E%;%)i%ﬂ;;;

o
E

utilization of theZRiver 3331n

8 _d Socio—eédnonie and envirOnmental impaet of the development

pro;eét upon the eonsunity fie o

R

Thtough reconnaissanee of tbe gronnd surface, possible sites

L for. construct;ng nain sttuctures including dans, poner stations,_. .

ag switchyards, ete} were: investigated and topogtaphical and geo-

logxcal characterxsties of possible earth sand and rock supply

fs1tes Has surveyed. .

eal fornations of the'areas.- Appropriate sites for hydrological

observation faeilities were proposed by identifying and compar—
ing the conditions of variOus altetnative sites from the stand-
points of requited locational conditions.

‘.iii)?ﬁﬁiteiinvestigations SO

R A L R B

Based upoh’ “tha’ results of the site reconnaissanée, theé iollov—
ing site investigations were eonducted' :

a. Topographieal surveys of areas. to be. inundated at the

upper and the lower sites,

L



h}oi Gologicai surveys of the h'pe}‘éﬁﬁtiﬁé’laaéf*giies by
' seismic prospecting. ! R ;“77 |

c, Geological surveys ot the two sites by bore-hole drillings.

REEERYS D T T

Guidance to te given Eor the establishment of hydrological
:'observation facilities. _f‘ R ol _’ ‘Ai

S; Examination of a SCale of development,

B ?Hzﬁﬁﬁncs Exaeination of: a' bunped-storage and diversion'scheoe

ré ues- vas'; de by the Government 6f Halaysia in connection
‘ uith the performance of ) feasibility study on the Tekai Hydro—electric

Development Project in 1980 _ In’response to this request, the Govern—

: Eent of Yapan decided to coopera e with this uork and delegated the

v E £

-"Japan International Cooperation Agency (JICA) to proceed uith this study
on” the Project. A survey téam composed of ‘the Specialists 1n the fields
of dams, geology, hydrology, civil engineéring for power generation,

'fjelectric demand forecast, geological surveying and so forth vas organized
by JICA. '

. Upon settlement of “the scope of work and related teres and
.conditions related to the performance of the said study, the advance
survey tean visited Halaysia Eor a period of 25 days fron the 15t of

Z_Harch through 25th 1981 in order to conduct reconnaissance in the Eield
for preparation of a preli-inary site investigation ‘plan and for purposes
_of collecting data and information required for the site investigation.



Then the survey team visited Halaysia for a'period of approx-
Vnd of Oétober

1mate five (5) months from the middle of June to th e ¢
for the purpose of undettaking the preli-inary site investigations.

';-

H L
;!‘=.'- RSN A R FERER S ERUER SRSt PR

1 7 uas engaged in
superei;ion of”oore—hole t “f:;i?:T:;;i,-_ ,_,%t?,_":and aerial

photography of the upper and 1ower eites, all conducted hy 16¢al contrac-
tors.r The team mem%ers also undertook surface surveying for preparation

- of aerial eharts, and longitudinal profile and eroSs section eutveyings

of thé upper and lower sites as well as hydrological oBservation. _in"

:_addition to the various sork the sutvey tean conducted data and informa—

It 15 noteworthy that -ar specialist‘of hydrological observation
visited the countty ffom’ he middl"' ; :
71981 for observation of floods dutlng'the ralny season in Halaysia.

of ovember to 1 end of Deceober,

_ Comparisons between the two proposed sités = Upper Tekai and
Louer Tekal Sites have been made 1n the repozt. For eacb proposed site,
several development alternatives were studied: according o' criteria of

ilocational conditlons fot construetion of hydro el‘

3

tric pTDJECt,

taklng varig

_s'merLts and deﬁe”its contained in eacbkalternatlve.

will b 6f' great heip

jistudies on the Pro eet.ﬁg

v
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e
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~Chapter 2. Summary and Conclusions.

’ The pfﬁposed site fot the Tekai Hydro electtic Power Develop-
'ment Projegt is located about 40 km Lo the north of. Jerantut, the adnini-

'River which is one of the tributariés of the Pahang River 3ituated 0
:the northern patt of the Pahahg State, the largest state of West Halaysia. '

~e;sf:

'-ér At the_ ame time, 1t is_expected_that the Project may incident-

‘ P L

'aily COntribute to thé_develépment of Area._:;; C e

tiaads 4 The [undamental facts which became known as a result of : the

] et

study undettaken i~ the framework of the ptesent preliginaty site in-

- vestigation éan be resumed as follows.

S ey LEGLdnnda rodnd :
Ly he Tekai Rivé' Basin is compose&'of continental sedinents,-

éetasediments and granites.; Continental sediments are calleéd
1= s i T
: Tembeling Group (Hesozoic Era), and are Eade up of Ketum for-

.e;@ ,;;}Eation, Laris conglomeraté Hangking sandstone and Térmus redbed.

u;In both vicinities of the upper site and the lower site, Hang-

,“,_",'_,__and mcludes grayish reddish shale. i As for ‘I‘emas redbed,
it 1s made up of reddish sbale, and interbedded by, sandstone.

i aan ;4.At both the upper and louer sites, nhere the slope is gentle,
oy the ground is covered with coapletely weathered zone and highly
',weatheted zone thch are coupletely laterized



As one of approaches thé river bed the ‘weathered zone gets
thinner._ 1he base rock which lies undernéath is either very
little weathered or fresh and is ‘composed extremely hard
quartzose snadstone and shale. Its seismic velocity 13 aﬁprox-
imately 2 0 = 3 5 kmlsec, and its bearing capacity is large.

‘rangés 1ﬂ the Tekai River Basin mainly stretéh ftOm
;h-wést Eo SOUth*SOuth—east.- S S D

Such a’ linearment has much to do uith geological strueture of

the area. The fold axis of 4trata is prevailing froa north—
R north—uest o séuth—south—eaét. o )

—!A '-1". ',1.,.‘

As for Tembeling Group, in general, strata dips Erom north—
W north*west té south-south-east aﬁd also vatious séales of

anticline and syncliné structures &an ‘be identified.

Ovef the uhole Tekai River Basin, Eany minor faults were observed

but g0’ far fio uajor Eault Wag found

(2) The &ischarge méasureaent has been taken since 1972 by the HEB
_(NatiOnal Elactricity Board) at Penut point (catchﬁent area'

_;1 390 km ) near the lower site..:"a

” rA1so in” the vic{nity of the Tekai river basin, at Kuala Taban :
. ﬂ?'point (catchment area‘ 3; 220 km ) on the Tembeling Rlver vhich
18 lS km upstream for the Tembeling “Tekai- coﬂfluence, the sace

neasutement has been taken since 19?2

- St Te o e
S i . i - : R,

' However, the dischéfge data at Penut point is not c0§plete due
'éto the iacking maﬁy méadirements, '

‘{Conséquently, discharge of uppér and owér sites to be used for
“thé study o1 Tekai Hydfo-electric Power Bevelophent Project was
obtained through catchment ratio’ conersion of Jlscharge data at

Kuala Tahan po:nt (19?3 1980)

-



' By méads of sUch calculations, “the' folloﬁin ?iﬁd?&é were
*obtained. ??ﬁ{?;% ﬁv"“:fni* ff"f S '

SR

.J‘L:’i"

'The annual mean discharge is 40 n’ Isec at_ the upper
Ctrie gsite and 46 nm /sec at. the lpwet site, and anaual mean
;f=~£;run¢ff at the lower site is 1 470, X! 106 m3 and annual_
"adépth of tﬂnoff is 1 060_mm at the lower;sjtes

. A Tl : ,‘w e, S : i Foe W
:rainféll measurement 1n the Tekai river basin, avail—

LivrE

'=:g  able data was only since 1974 at two points (Station Ho. 4227001

W zd

Both thése data Seing iucompléte,fsp:annual avarage rainfall
7 of the Tekai river basin was established by using‘déta from
.wthe nearbf observation points, approxieately at: 2, 300 = 2, 400 s

o In the ﬁahang River Basin, flood takes plécé during the season

Qf monsoon between late Decembet and early Januaryif Well- knéwn

yte floods are these bccurred in 1926,-January 1971 and December
wid , 19?2 e ? r :

R

T T

v "Lf -

Probable flood of 1[100 year ‘at ‘the lower site was computed as-
“iﬁ.the 3;000 m Isec in connection with the probable discharges

Y and éatchment .area. at the six locations of the Pahang river
basin observation stations;.f Ny

<x

Purthermore,ﬁestiﬂated naximum probable flood of.lll 000 year_
Has 6 500 o Isec ‘At the’ upper site and 5 000 n Isec at the

bover site based upon the unit hydrograph and tank model uethod |
calculation.=

= ) -
i T

:(3). As far:as the Takai River Basin is ¢oncerned; there exist wo
.Sonerete development project at ptesent -£01 eithef potable _ .
vater, industtial uater ‘6 water [or agriculture._

I the' Pahang ﬁiééf-ﬂéétﬁ,fitrégpeétiée of thé Tekat Hydro-
"EIEétfié'Poﬁef'Dé?élbpﬁEht:Projéétg implémentatiénrbf.éhu



. irrigation project 1is undertaken actually under _the. naime of
"Hational Small Scale Itrigation Project" by the Mioiatry of
Agriculture.z- :

- ; - T e s
AR L P T A T S SRS S PR AR
i

However, as the hydro eiectric powef deveiopment will make .
possible stable vater Supply () the Pahang River, this 1ndicates
' the poténtial water utiiity effect 3 thé project which will

maxe it possible to cOpe with the future water demand for irti—
7 s gation. jfd"' 7 ‘_ﬁ; R L

£

_ Presently 1ndustri31 activities in the étea designated for the
_ Tekai Hydro—electric Power Development Project are llmited to

P Fisﬁery éndfagriculiure'ate pradiiséd on’” small écale for

meeting Iooal consumption only along the Tembellng River.

el DD The prOJect aréa And ifs vicinlty are” located withiﬂ the
hational Tekai—Tembeling Porest Reserve undér fhe forestty

agency.: In future its exploitatlon is. to be’ underfaken by -
the JERGKA '

In the aréa e ectéd to be submergéd:as "4 result of the Tekai
EESRES Bydro electric Power'Development as well as 1n its ﬁelgbboring
atea, couples of a m1nority Eountéxn group househol&s are there,

- but no flxed conmunlty of long duratlon and 1ts Eacilltxes
: exist thétéin."'

Iy . - “.-, P D I TR R L R R 2

2.2. seléétion”af'éiteé

e candidate sites weid §elected at éhé‘ﬁppér and lowef s{tés

‘0"‘. . .'7= _;_; '_-__-1 Do Tl A__‘ ;, Sl _._~;.f")_r_;:7:;_7

e

e



2:2.1. Ugééfisité:'; e

— - = '-__:f':' ;o= - -l - F :!f --“ .-.'.:4.- Lo ,'| <. -.“ )
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, U 2 candidate site was selected as a optimum site among U-1
and U-3 sites based upon the cost estimates of the main dam coﬁstruction.j

*55"Further studies were madé ‘o0 the dam t?ﬁés at thé selected
u-2° sltes; (Topographical daw limit was 96,00 m) Rockfill type uas ‘
adopted in comparison il th “Ehe: conérete gtavity tjpe due to the cést
estimités: of ‘thé main il worke including the spillway and diversion

.facilities. aﬁ*?? 3???{ng‘ Fry

1) Effeetive Reservoir Storage ‘

o ;,Tl S e bayler cne ooie o (SE0°K. 10083y i
B Sl L 3 SENE 5?‘2)'Firm.Dischérge"k-1= 59}' S PR
' o (40 ﬂ3ISéé X 4 = 160 m3/sec)
3 : 90 = 73) Peak Operation Time
S R 6 hrs) '

Case 3 dam height 90 & uas adopted

Power generation was examined in connection vith the peak

operation tige, cases 6 hrs, 38 hrs, and 12 hrs.. And peak operation time

with L—2 site in the saae manner afore:entioned.%; ;{

Studies were also eade on the daa type.

geOIOgical daa lisit was 60,00 n) Concrete grav1ty type was adopted
under the same method at 2.2.1.



The height of dam was compared based upon théimameQQ dutpit.
and annual energy generatfon under the following conditions,

PR

“Gase  TMeight'of Daa = . ° Conditions :
;:15; s 252 m A 1) Effective Reservoif Storage.
G630 % 108 u?') R R
I SR | B S 2) Fim DIScharge g '

(46 n Isec Xih.= 184 i Isec)
3) Peak.Operation Tine
(6 hrs)
Case 2 dam height 60 u was adopted._ ;;Jj.Qv:

Ve S T Eaoariioeonowiar
IR T L

Power generation Has examined in COnnection with the peak

: operation time, ¢aseés 6 hrs, 8 hrs, and 12 hrss -

And 12 hrs peak operation ‘tine was ]udged to be @wost advanta—
geous in view of the surplds benefit in terms of B-C.

2.3, Comparative Analysis of Déve;épment Piaﬁs:'

2.3.1. cené=fé1,-r

4 Lower ! sites, anda’ ‘$éries (tuo ‘dams)’ developmeni scheme should be -
_ c01sideréd.

‘ In determination ‘of the optimum scale of the single (one dam)

development scheme, studies vere wade on the height of daa, operation

tice of a power plant, Eaximu- turbine discharge, drawdown of a reservoir

(éffecti?e depth), aﬂnuai energy generatién, ‘fistaltéd capacity and

econoalc analysis ia tetns of ‘a benefitlcbst ratio and aé;ording toa
foruula of henéfit cost.ﬁ_‘

- 10 ~
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The optimum sCale involved in the series (twﬁ damsj develop~
ment scheme has. been determlned on the assumption that- the noimal water
level “of- Iower dam 15 to. be in the same’ as’ the tailrace water level
of: uppet dam upon’ settlement of the. optimum scale of the upper single
(one dam)Bplan which*will produce a: larger quantity of enérg?, making

studies On the operation time of a pouer plant, drakdoun ofta resetvoir"

'(effective depth} and annual enef yfgeneration, installed _capacity and

_ analysis of benefitlcést and benefit—cost.

el As the Tekai river basin repreéents very f‘} catchment, uhen :

'compared uith the whole Pahang Rive_~Sasin, hloéd conltcl effect of thej
_Projéct cannot be substantial As a result, flood mitigation was not

included in the calculation Of bEHefit}

SiEY

: though 1t3 potential,effect on. uatet'htlftity
'7may be gteét, it was not inciuded in the Calculatién of beaefit. '

_ COnséquently, the benefit (B)- represents cnly that derived froa
Pdwér genératidn. IR ISR B CONEERE T SHIT NP S S e S L EET

i - Loss of forest area resulting from its subﬂetsion was excluded

"from the cost calculation. 5&{-3 SR ”eg_y SRR R R IR

"fhese comparativé ‘§tudlés are shown® {h Tabled 911 And 9-2.

2.3. 2

% L P R I
s PRTTTANE shimph Ay e

(1) UPpef Site i'i_,;'

Calculation for power generation was cafried out Qith the
90 00 m dam height 6 hrs peak operation time and 160 o Isec'

maximum turbine discharge for an effective watet depth of ,

2 50 m, 4 50 n and 10. 00 m. As & result of’ the coaparison,

10 m ﬁas judged to be most advantageous.

In this case, he maximum output uill be 104 HH.

=11 -



o)

2, 3-’3-. " Series (Iwo Dams) Déevelopment, . . . .. .

Lower stte

Calculation for power generation was éarried out with’the
60500 m dam height, 12 hrs peak operation time and 927 m fséc
+aximua tutbine discharge for’ an effective water depth- of
- 10. 00 m, 18 00 m and 25:00 @, Asy a result of - the’ comaprison,

10 m was judged to be most advantageous..a,.:'

“In this case, the maximum output vill be 38 b HH._ St

FERAS T TP N L e T A S

(1)

HE it

.;.(2)

output 104 HH.tc-ﬂrﬁfﬁg i f;z{ﬁ:.

Upper-site'.:: BT _‘.:.:*'..-_51‘.'_":_.'_ 7 ; :1?: .,:'.r.'.._‘.j'?,- :*-, '.-._".‘=.'

A

Optimum scale of upper single (one dam) development‘ maximum

S I R TR

Louer Site'e'

The noreal water level of lower dam will be in the same level_

- és the tailrace water level (EL 8? 00 m) of the upper power

tion will be 630 x 10° - 540 % 10° - 90 10% &%;:

i In. this ease the height of dz

Statioﬁ“and the efféctive storage capacity for: power genera—
A6 - ,3 et iy

becoues 38 m.l The optlmum scale

of series (two dams) development “has- been determined aeeording

to BIC and B~G obtaiued from the effective depth of the lower

' dam, plant operation time (htsy;for:p"k;d”ratlon“;eaxiﬁum :i

tutbine dlscharge annual enetgy genera_lon and maxxcuq output.

Haximum output under series (two dams) development”becoaes
12 MM for the. lower éite. N e “f35*5¥”5ﬁ?

116 HH.

“ 12 -
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(1) Thé- séries (two dams) deVelopment 13 Bost advantagebhs compared
i34 witﬁithe kespéctive éingle (one da-) deveibpments.-

(éf In this case, rockfiil type dam Hith héigﬂt of 90 00

Rt most apprépriate foF the upper site, and for the lower site _
’ concrete gravity type dam with a height of 38 00 m is.Et,ﬁﬂ 3?

(3) Fuli supply level of: EL;?lGS:OO B for thé uppeT dam (Effective i
depth 16 m): and that of EL. $3.00 » for the: lower dém (Efféctive:
i depth 4 m)rare most suitable.:igla?:ﬁ :;;53 ftfﬁ‘fﬁfﬁ

sy F e - AT . .,‘.[,,.. e AL E e .. R
TE R ;.--'.‘z ol BEiead ROl GRLie i IR IR S

(4)7 Daiiy § hours peak operation emﬁioxing a, maximu- tutbine o
‘-: discharge of 160 -3{sec Eor the upper sité and 24 bours flat

operation eaploying a maximum turbine discharge of 46 3 m Isec;
“for the lowér site will be preferable., :

’_¢i§ N : e PR

(5} “For' the upper dam the maximum output will be 10& HH and L—S
output will be 102 HH and for the lower dan, the maximum '
- output and L—S output are: both 12 M.

Consequently, thé combined waxinun output will be 116 HH and
cocebined 1,-5 output win be 134 w4,

As [or the annual energy generation, it is 225 Gwh for the
upper ‘and 102 GHh for the louer and 327 GHh in total‘

; (6) I For the séries (two dams) development cost benefit tatio(BIC)
' is 1 7 anﬂ sutpius bénefit (B—C) 1$ 12 37 x 10 H$

. The integnal (ate of retuxn will approach aont 10_perceht.

-13 -



@)

e calculation, this scheme would HOE be profitablea; PR

@

Conclusions in relation to the diversion scheme and pumped-

storage schewe as for the felative development. _i'

Selection of thiee’ candidate sites was made by means of a ; iow

topographical map on a scale of 1I63 360.v Then calculation

;of electric énergy generation and estimates of costs offe*'

fatake facilities were- prepared by refetence to the length of
diversion tunnels and the catchment aréa. Based upon the

4

i s T PR ) 1.;;...?.,-‘_-.
R F S I o nE ! {‘7 A S e

Thé pumped storage scheme should be studied with due attention

'Qvgiven €0 a long—term power demand; especially configﬂration

1=*;;o£ a daily léad cutve, cémposition df powet’ sources and availa-:

bility of sites suitable f6r pumped-storage generation.

.Then the pumped-storage scale should he determxned in COnsi—

!power sources in the system, whlch wili be most economical

for ‘the’ vhole SYSi:em. R

o
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MAIN FEATURE

1

" DA

TYPE

TTEMS

SINGLE (ONE DAM)
© DEVELOPHENT

SERIES (W0 DAMS)
DEVELOPHENT

UPPER DAM

LOWER DAM

UPPER DAH

LOWER DAM:

Crést Levél (m)
_;?ﬂéiéht=6flbaﬁ-fm5
" Votume of ban
H,Eﬁbaﬁkméﬁt3(ﬁ3)-

_{Héximum SPillway

- Digchargé -
(adfséé.)

; 'Rssisnvoz'a

iCatchment Area_

(mﬂ)

~‘Fu11 Supply Level
, (m) B

_ ::Hinimum Gperating
jLevel (-)

Gtoss Storage
Volume (m )

. Live Storage N
 rVo1ume (53)

"Surface Area_-

at FSt (ha)

_pousg'sratxox]{

No. and Size of

“Unit (PH)

i Avetage Annual _

Generating Energy
(Ghit)

:jlﬂaijéqm Water

Discharge (m3/sec)
. CONSTRUCTION COST
- us10%)

EL.170

90

EL. 165

EL.155

110,600

2%52
225

160

300

. 2.6x100

5,000

11,200

3,400x106

1,100x106

EL: 110

60

2.09x10%

1,500

1,390
EL.i65 

EL:9S

1,000x106

" 410x106

6,000

2 % 19.4

155

92

160

CEL.170

EL.155

110,600

EL.88
9 | ;fjs

2.6x106 | 74106
s000 | 1000 |
'”1.ééb-_ 1,39
BL.16S :; BL.83
50,79
3,496#165 " 265x106
90106

1,160x106

2,400

:é'x 52 and 2 x 6

225 and 102 (327)

160 and 46

300 and 96 (396)
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"Chapfet 3 Cathered Data

Basic data and information used fot the studies given in this

: .report covet hydrology, meteorology, geology, etc. Host of these data

' and information were collected by the Survey Téam during their stay in
ngalaysia from June to October 1981 with the coOperation of the authorities

concerned of thé said country.

',1;?' In addition to the above—mentioned data and information, data
# .
on electric power system, transnission line, financial situatiOn, socio—~
'feconomic condition, agriculture, environnent, etc. ‘havé been nade-

f_avai]able to thé Investigation Team in Eaking studieé on the Pfo;ect.

- 17 -






CCHAPTER 4

" BACKGROUND OF PROJECT






Chéﬁtef 4 Background of Project- ::v it i
L) : - -

: Py rThe annual increase' in po#er demand 4n. the Peninsula 'Halaysia
‘.in fecent years 15 as high ‘as* 14 7 percent (assumed average anndal EE
1ncrease from 1980 to 1935), and the National Electr[city Board (NEB)
v SA€ dctiveny “Toéd R the demand.

~19 -



4.2, Egpjeét=31te

The project site for the Tekai Hydro electric Power Development
Project 15 located at ‘the lower reaches of the Tekai River which 18 oﬁe '
‘of the tributaries of the Pahang River (catchment area ‘of 23 500 km )

vhich flous through the State of Pahang uhich is thé- largest state 1n
Hest Halaysia.r,i»- . ey

_ :; These are two possible project sit“L,-among wbich the lowef 5
' site (catchment area of 1, 390 km ) 1s situated at 8.0 Kn upstream along
'the Tekai River ffom the Teebeling s Tekai junctlon, and the upper site 7
. (catchnent area of 1 200 km ) ‘15 situated ahont 18.5- km further upstream

from the 1ower Sité-?z* PERE 'r'”'*;*-u o _11*?*“ L fj"‘ P

:Park called Tamang Regara located 1n the ﬂo:thern tip of the State of-;,f'

Pahang, and’ is, in & beeline, about 150 km northeast ‘frém the capital
city of Kuala Lumpur."

. Adeinistratively, it belongs to the Jerantut District, and it

_takes about one and a half hours by jeep and boat from the adainistrat;ve 5':

‘center of Jerantut to the lower project site, One teaches the upper
site from the lowér site by boat.

- 20 -
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43, Regtonal ’rbpog‘fag'h'z

__The Pahang :_Riv{éf‘, Ehe largest riv_er on. the Halay Peninsula, |
rises in the mountainous interior of Pahang'State, is joined by many

tributaries, and fiows sOuth through fhe Jéfantut District. It then.f
- turns east in t‘he neighbourhoéd of Temerloh and finally reac;hes the o

LI

i

_ The Tekai River is the largest tributary of the Tembeling

o RiVer{’ It rlses mainly in the Trengganu coastal range which lies on
a nofth—northwést, SOuth-southeast axié w{th exteﬂsions “f568 ﬁlﬁ Tréﬁg—;
' ”génu ﬁlstricf to Kuéntaﬁ Diﬁttict. “Thé’ Tekéi River flowé aainly west—'
-.fnorl:h\:éét 4Rd joj_ns t‘hé Te:nbéling Rivar ét AB6uE 26" km uﬁgtream of
'fKualé Tembeling€%3_he Tekai Rivér Basié is a foreéted hiliy aréa R
.sufrbunded by mOunEainSa The h{ghest Eouﬁtain 16 the’ ‘aved 118 the1 wi

g :G. Tar{s (4 9605ff y which beiongé t6 the Ttengganu éoéétal rangé.“?‘5

stéép gtadiénE éf riverhed shile tﬁe gfadfent of the Iower teaches
16° Qerf §ént1e (1'"'1 000) ‘Thé fiversidéé of the TokAL River até
genefallf féruéd with‘é géntle slope, but theré afé SOme stéep valleys

_21-;.



6.4, anefal DéSéfiﬁtién of Pahang' B

_ o The State of Pahang is the third largest state in Halaysia.' The
total area of the State is about 36 260 km “and it has a coastline extend-

'4_: Ry

The climat'e 1s tropicai'

'area is covered with forest. Cultlvated land is mainly in the basin of
'the Pahang River Hhere approximately 566 600 ha.:: Only 16 petéent of
 the tétal area ~ is under "'ultivacion. Of this ‘avea, 257, 000 _ha: is
- devoted o, rubber, 267 000 ha._t6 palm 011 ‘1, 200 ha.-is paddy and the
remainder Otbér cropé;f'”f 5] *4;‘ “*'7%-,32':”'f~ L '

f Kuantan. Dther distr!cts Hhere the

.populatien density is relatively high are Pekan, Temerloh and Bentongﬂ

where industrial estates are located

This lower grouth rate 15 due to Iow infant mortality and

'fertility brought about by improvenents in culture, education, and ey
medical cares._ During the 1910'3, there was an influx of population
from the rural districts o the urban districté ‘and aigraticn from other
states by the implenentation of industrlal projects under the Fivst,
Sedond and Third Halaysia Plans, “but this migration of- population from
uithin and ontside the state is assuned to have taken of f after the _

- Fouith Halaysia Plan. Population growtb rate in the 10 year period was
4.5 percent, but’ the growth rate is estimated o have decreased to 4. 1
'percent. . The composition of the population is 58 percent Halay, 35 per-
cent Chinese and 7 percent other taces.

~ 22 -
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P The natloual raiiuay serves the tovns of Kuala Lipis, Jerantut

_and Hentekab 4n the faterior, of Pahang with other major cities and _Eowns
-in the Federation.k Before the/ pprt of Kuantan was built, théf”ailroad was
the uajbr means of shipping products from the stat Tl 7

. ifImprovement
?and expansion of a nationwide telééommunication system is underway. Sub-

’scriber tfunk dialing by microwave and cable is in service and Under‘
iSarauak A déep Sea poft has been undertaken by the Federal Government
located- about 26 km to thé north of the city of Kuantan. This port is
at, present partially operational for hoth the nineoil berth and the palm
,oil berth._ This port is expectéd to hecome the major ou

le 7for expect

'of products of the eastern statesf

Historically, economic activities in thé eastern states lagged
lbehind the western states.' The major cau e'of this situation was the
: undeveloped Srated of infrastructures to provide impetus “for e56hbmi¢_”
growth The eéonony ot the state is basically agriculture and forestry,
and all’ éfforts ate’ being made to pr0mote imprOVements in productivity,
plant breeding and use of fertilizer. “Thé government is placing emphasis
< 6hiT the deve10pment of! underdeveloped stafés- having gréat potential and in
otder to: promote industrialization and modernieition. to a level comparable
. to thé advaaded states, ‘éince the 1960'5 the government has established
and. i-pleaented thé Pirst, Second; Third: and- Fourth Malaysia Plan. B

SoE 2 1 - I . . i . .t,_
®r - ‘ - T ez

; In line vith the government policy, the state of Pahang has .
enacted and 1is. actiVely impleaenting various economic policies. In order
to ;emerge froa an economy based on agriculture and forestry, the state
is aining towards industrialization by utilizing agricultural and forestry

-23 o



resources as raw materials. To achieve this objective, the state has
éstabiished industrial estates at Jebeng and’ Semanbu 1’ Kuantan District,
Pekan in Pekan Disty¢ict, Temerloh fn Temerloh District and Beantong in

- Bentong District, In thege’ industtial estates there a¥e wood product
manufacturing industries,‘rubber refining and manufacturing industries,

£
N

“palm ol refining and manufacturing industries, and aISo export oriented
electronic ahd electrical equipment manufactuting industries, but these
are all of seall scale. “fhe govexnment is also actiVely inviting foreign

privilegés and tax felief Anticipating developsent and growth of
axport oriénted industries in the future, the' 3overnment has decided to
et 1 up’ a free trade zone in Gebeng Industrial Estate.

The $tate of Pahang is blessed with recreational and fésott
régions’ along its some 200 km long coastline and highlands in the interior.'
dIhé state has butle’ recreational and resort facilities at. these plaées -

and 1is actively attracting toutists, both domesticland fron overseas..;

The Iecent discovery of oil and natutal gas off the state s - - .
coast in the South China Sea is expected to bring about a spring—board
in the rapid and expanding growth of the economy..

Training and education of a labour force to support the indus~'
trialization progran is essential.? In the state there is a polytechnic

school six vocational schools and skills training institute uhich can

supply the skilled man—pouer needs of the industties in the state.r .

Hith the impleﬂentation of economic policies under the Halaysia
:cPlans;“thc gross domestic product (GDP) and per capita GDP- of the state

has giown’ prngessively.- ‘Ta the last year of: the First Halaysia Plan,

which ' was 1971 the CDP was 647. aillion H§ and per capita GDP was 1, 170 /ej
M at 19?0 prices.' This per capita CDP was 1.0 in ratio to the national -
average. fa the Thidd Halaysia Plan ending 1a 1980, the state s target

" GDP was 1,218 sillion H$ and per capita 6P’ 1,486 N5 At 1970 pileds; _:

And’ in the Féurth’ Halaysia Plan énding in 1985 “the predictéd P’ will

©C be 2,491 ‘miilion M3 and pér’ eapkta '6bp 255808 5 at’ 1890 pricés, - This

- 24 -



pet capita GDP ratio is. 1 09 to the national average. During the period
'(19?1 = 1980) inflation as indicated by consumer price index averaged a
rate of 5 8 percent annually.

7 i The Gpp compositiOn by industries at the end’ of the First
Halaysla Plan vas agriculture ‘and fOrestry 48. 5 percent, manufacturing
-6 5 percent and scrvices 30.1 percent. However, according to the Third
Halaysia Plan the composition 1s agriculture and fOrestry 38.2° percnet,
'fménufacturing 26 2 percent and services 25 9 percent. And in the Fourth

:Halaysia Plan ending 4n 1985, the CDP cOmposition is agriculture and
'forestry 27 75 percent, manufacturing 29‘1 percent and services 28 S )
) percent. It wlll be noted from the above given values that the eccnomy
l;of the state wiil be tranforeed from basically agriculture and forestry
'fto the nanufacturlng seetor.; in this context it uill be hoped that the

'--socio economic infrastructures of the country can be imﬁiemented as

o ‘i‘he electricity demand of the tate {s pe_rtly' served by.'.-'t'lie
NEB's transmission nétwork, but the greater part of the stateé is servéd
- by local diesel plants of small capacity. As an integral part of tné-_
.Halaysia Plans to strengthen the infrastructure, the NEB has planned and
1'1s 1np1ementing a program to sérve all of thé eastern states, including
' Pahang, from its national grid.
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CHAPTER 5

©ELECTRIC POWER SITUATION IN HALAVSIA






: '-Chaptét 5 Blectric Power Situatfon in Malaysia =

.’.;'

£y

5-1,' waer Generatiﬂg Plant e
ER T Pbi.-éi-' ééhéfaﬁﬁi;”?léht‘ of iiizi's S

‘9.55 5‘: The installéd capacity ‘of NEB's generating plants with the

‘‘‘‘‘‘‘‘

3 r{;Temengor fof;f R ;Ta”unifé i'éifﬂkir,;;fgﬁﬁérﬁy

5,-;;yﬁ;_ Sultan Ideis 11 ,7_ T3 .__i 50 - f;;f?lSG P

¢zgp Sulbdn YusuE . . 4 B () |

i:s a4; Chéndéroh .. . ‘; 3 % 10 - psiinn 30, (PRHEC)
... Others .. L e 1534

2 ;

(sobororal) 0 edin

;

oy

,g!;ﬁi(?lnghermal Power Stations SR : IETEU i; )

? ;'1Connaught Brldge ; _ﬁt 4 units x 20 HH ]
B e e SR

perat

fuéhku'Jaéféf
(Port Dickson)

Malim Nawar 40 (PRHEC)

(Sub-total) ' 13701{&:
(3); Gaé_Turﬁines

 Gelugor | o londex 20 20 W
Connaught Bridge 1 x 20 20
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Tuankutdééfa%:r-fﬁf‘:? BN S 20 WO 20 mw

Tanjong CGelang © 1wt x 20_ 20

Sultan Ishail - 1 x 20 20
(sub-€otal) 100 M

0

(4 biesel-engine Generators

Ry Trengganu R A 24‘1§‘ _ R
Kemaman o _ e ﬁtiﬁ
BDuigun T L S 9 565 -
CiKwastan oo S ey gy
iibémal o o i SRR 5.20
SKe Romptn - S T e s
: OthErs - "'.',:; ' :', o U 20 031
”f_Diesel engine generator for _ B _ AT

‘ rural electrlfication

6,972
(sub-total) . 122,48 W

eRAL 0 e

i nhe percentage of generating plants connect ith the'

i NEB integrated systen is 65 petcent for thermal power stations, 30 per~'
cent for hydro power stations and 5 percent for gas turbines. (hote,_'
however, ‘that diesel engine generators sérving’ the turai atea ate not
1nc1uded 1n the above figure, although ‘such diesel ate’ operated at

night for 12 hours ﬁaily )
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5:2. Fower bemand éﬁd sﬁﬁﬁiy?;f o

RSN

Power Demand id the Past

% gehérated &%
’ purcﬁagza'

Senﬂing eﬂd
energy

f: ROASEEN N
Rate of -
1é¢ré§se

" 4650.7 -

R A "53569’ N s

;f76257 8_

:ij'f';7651 3 ‘ !

L ;gffzéai.
O a0s7i
CiRagyigT

_?‘3929.5
"”4441 9

| 5953.6
o 6651 4
1;;7302 4

$103127 L

1‘f2766 41 18
N T R REE P R
S50, |
_739$§;3
133;355'{
52971

3934.2°

| esatie

G
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" Table 5-2

Energy Setout (CHI) Breakdowm

’aEcordlgg;td Geherating"SOBféé:'”

F18cal-.
. Year.,

"Thetgél

 NEB:?

ﬂieééi

Hydro

Gas

';#Q7

Area

Rural

PUB

Others

1970
971
1972

1973
1974

1975 |

1976 -

ERE A

1978

12984
1498.4°
1901.0°
30908
'2745 8-
3343.0.
-'40&2 6%

1979{ ;:"'5;‘

96 E
:114 07

133.5

‘131.0?
146.9”

1640

130 3”
' ff116 8 )
210.5"

évséif-*f

918 8
*933 3
'909 [}

898 8
180,58,
710.5
67578
744, s
'891 g,

”928 1' R

3| 55"
jﬁ,giﬂ

58
6.9
3. 755"

;f@.lﬂéﬁ;f

| 4 Jf._

.......

| o

0.1

0.1
0.1
.o;i;

;;9;1;1

+0.37

Cneai

f}blﬁi'

i f?j;ié

Hote‘ * Singapore.

.}?ablér5;3 ,?ﬁ9rngCéﬁéié?g@iiﬁifﬁérPeﬁin$ﬁfé:HélayéiéH(GHH) 7

**PRHEC‘ Petak River Hydro Electric Co.,
{ Source, NEB Annual Reports, 1969[?0 = 1978[?9 )

. Year,

| Figeal

Diesel”’

" Hydee

igas |
" Turbine -|:

18
1972
1973
1974
1975
1976
1977
1978

1975

.7545158

6355.4

ECIRRS
215200
2593.1°
3008.5 -
34841
4052.1
4646.6

6061.8 -

Tawa
332,87
320,35
4754
42,9
 403.2
RUTEE
C&60.2
538.5
615.6 .

_jiiéiréf7
C1142:8°
1094.3 |
1140,7A'
flijo 1

989, 0

02,2 f
';797 6

'831 8

1004.0 :

24,4

- 4008.0
4524.5

5444.3

" 5990.3
' 6699.6
763241

3387.9 7|
- 3635.7

50271

8119.4

{ Sovrce; NEB'§nn&a1*aepotcs;“l9s9lio = 1978179 )
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Table 5 4 Energy Used in the Peninsufa Halaysia _ir,g F; ; N

13 L

Classified by Consumer (GWH)

S

PR R AN P

Hining

Flscal
Year

%in

3t

Hining

" Othed’

‘Céhtent

Conmerce | &

g

:Heuéehelds

© Total”

1970,
o
1992
1973,
T.IQ?Q P I
1975,

916,
1978
1979 .

J1017.1 }
21054,5 |
. 1073,0.:| " 74
10290 N 7.0

47,2, |
20,9 |.
': ) ?;437

LR
5.
6.8,

  4¢3f

117 16,
.125.2,-|.
127, 3.;'
130 4
11353,
3453,
159.7:. |-
L181,2
1193, 7,:
196 2

s,
,{138555

;1631 3

-, 2018, 5;2
5'2419:1;;
. 2736.7,
3528.6 ).
13981,7,

4507.3 |

;15690
0898, o
. ﬁ§§9;6;;}:
%1?3@9;5;;;;
yc;s?égé;ﬁgi

1456 i

s 945;5 » £

2953 2

3178,1 ,-"

3480,5
,3927.0,.
[4361.9.
4753,3 .
539?{?»5

.5708:2 - |

7098.9

-( Souréé{“ﬂkhnAnkbéiléepoitg)

5‘2‘2‘;{'

AERTEE

R

=s

i?téﬁéﬁtinéma%d aiid Lod Cutves

lééay?a*:slaéhiiés T

Typical weekly load cutves in Hay, 1981‘in the WEB system

were’ as sho‘*;separately ia' Fig. 5-1 and 5= 2

Byl

*_Aéc?rding to the eboié;:_
the naxiaum degand weekly EBe}éy and’ average Ibed-kaetor were 1; 320 MW,
167 GHH and ?5 3 percent, réspectively, for which thermal power stétions -
accounted‘foi 139 CHH (83. 2 percent) and hydro power stations 28 GRH
(186, 8 percent)¢ ' s

H Fa gk

”Oh”ihe 6thef hand;fé§31cai g{11y 10ad thrves by the end of

August, 1981 were represented by the daily load curves observed on L

August 30 Sunday (Fig. 5 S) with a peak value of 1 010 HR or(so.;

T 1?_.‘:‘: TIEE
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As indicated by the load curves, thermal power statiOns ave used
to cope with ‘pase loads, while hydro and gas turbine power stations are
utilized to cope vith peak loads 46 a8 to éﬁshfe'adequate power generation.
The duratfon of operationé of hydrd and gas turbine power stations is

approxi-ately 19 hourslday to cope. ‘with peak loads duting weekdays.

5.2.3. Demand ¥orecast

- NBB establishéd the follOuing iong—térm demand fotecast
(1981 to"2000) in April 1981" (éée Fig. x 1 6); Thé forecasting method
was based on time—Series analysis and ecoaometric models (GDP; P0§u~f
‘ Iation, etca) System load factor Hill not change gfeatly ovet the-fi
forecast period - 6h this ba\sis..j Haximum demand bill bé 4 154 HH and
annual eﬁergy uill Ee 25 254 GHH 1n 1990 while maximum demand in
the yeat 2000 will be 9 135 HH ‘and the annual energy will be 55 530
CWH. These figures are 6 to 7 times gtééfer than present figures, with

an avetage “annual” increase rate of atound 9 8 petcentr

'Tabie:s;s'“toﬁg:féﬁﬁ*ﬁééaﬁaifﬁfébaét-by ﬁésf(iééi'ta'éﬁéd)"r

 Fiscal Elgg::;ial | Maxtew ] tead
Xeaf : “Energy (GWn) ;E;Dﬁéaﬂd;ﬁﬂﬂ) _{ :;¥Q??FEQE;!;):

B el AR A 1o T Ry
1981 | 9681 . o | L L 1,621 . e .. 67.89.

982 | anew T | dlee T edlas T
17198y s b 125730 s e |0 iy ] 68,32 |
'3198& RRE i »'-‘;.']-t' 5955 SRR BEERELE r2 333;. PRI IR '697? Hel B
1985 | 16,849 | o298 7 |7 énse |
1986° |7 ¢ 18,906 T | e3ghR0 o | T 680407 o e
1990 25,256 4,154 RCRURSN R
1995 | ”136 975_; | o e082 | 6940

o | e b sln | esae

(Annual Growth Rate (2))

Fiscal Year . Enérgg A ez :

1980 = 1985 . 138 T T Ly ,
1980 = 1990 SRR § P SPRAEHERIE TN § 1L SR
1980 =~ 1995 10.2 © 10,3
1980 = 2000 . 9.8 7 9.8

(SOufce: NES Systea Developuent, 1981 - 2000 Part I : Load Forécasts)
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5.3 - Power Development Program

5 3 1. Pouer Expansion Program 3 e L

(1)&‘Pouét Stations Cdéﬁitted

Power statioﬁs of which cogmitment has already been decided

e it dRRO G i ferer

i ‘on and bydthe RBB, are to be constructed by 1985 are as follows'

""';,!:"- T B B I T PR S R e —,:-—': - T Complétion
o I o v Scheduled

_ | :Pasir Gudang (0) 2 Gofts x 120 K4 240 W 1952
I Connaught Brldge (G]T) Cx 80 - 160 l _-1933
: § f. -Bersia (H) E -l &?4ff }; ;25-;\;; 1933
| Ke"éring (H) W 120 193314

2
3
, 3 4o IX
paka (¢f&) e s ase ':fﬂ 1934/5
'Port Klang (0) 2 7
4

306 600 v 1985
. Keayle (). Ao . 400, 1985

¥R MM W

S LR é? LZHJ ;f;;f:niﬁ if‘itf=z: T;‘Tbtal *ffiioﬁiiﬂkf N
'uﬁefe}’ )¢ Héavy o1l 'Buiﬁing R N S T LI
(G Gas turbine heévy 0il burning BOONEENG

(H)‘ Hydro power sta;ion

g% L el oin

(CIC)' Combined cycle,lnatﬁrai gas burniug N

[ .-:.;‘ RPRCE NN BT IR |

e o Ty 2eil ’f TR
o _(Zj Power Sfation 1 nnéd (as of 1981 ) o : L

i Péka%(c]é)o%.ar: T '*36“ﬁﬁité k:«is MY 450°HW. 701986
SEEILN popt Kiang (Ot T .t 20 wetlIx3000 T 60070 ot 198778

" Ulu Teénggany () o 200 - 1989/90‘
:Pergau (H) ' ) 7 _100 1989
::Tembelingtﬂ) SR 143 el 55; ;L<=Esii61;; . 1§90

©ipétal UL &60 o
. ;3 As deseribéd in the foregpiug, the NEB has established a -
specific plan for: 1990 and subsequent years.; §cqq;ding tp_thg,gﬁan,
. power stations with a E?tal;i“3!a}1¢¢,Capacity-bf{3:530.Hﬂ;ﬁill,be‘.;
constructed by 1990, vhich may.be plotted in the above mentioned long-
_ tern demand forecast, as shown {n Fig. 5-7.-
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5.3.2, 'Transntssfon Line Expansfon Program - . .. . . .

In pavaliel Wiith the- above pbﬁi‘a’f"--’g;éﬁeféiiah“aes}’éia}imeai-i g
: program, expansion and reinforcement pfogre- for: the existing 132 kVI

2?5 kV ttansmiision lines network are being impl’”ented'
2 -'-_,{..-_-::_.

cover the whole of the we"tetn:coast ot “the’ Pen nsula Ha aysia, from
o north to sOuth and wili Se the the interconnection of a 255 kv ring

P:;E spanning the east cOast states, ‘the north and central regions of the

peninsula,'g_z

The 2?5 kv loop transmission line con};st of two lines of
AC R. 300 2 X 2 having 8 maximum transmission cep tyof rl;lifi'}(‘-ﬁl
(587 HVA X double circuits) These are scheduled to be completed
- by l935. ' '

",

The power sfstem of the Public Utilities Board of Singapore
(PUB},'on thé Other hand, is currently connected by a 22 kV line, but
it is planning to construct a 230 kV cable line having a eaximun
capacity of 200 HH to cope with ezergency conditions.'

For EGAT (Electricityrcenefating Authority of Thailand),
connection is:currently made at the Bukit Ketri Substat101 i the north—
ern parts of Halaysia by a 132 kV lSﬂlmmzrline (completed in Febtuary,
1981), heace electricity may be technically interchangable to a maximum
capacity of 75 HVA. ,This is limited to 30 HVA to 50 HVA in practice, but

the interchange of electricity is nade only for emergency conditions.

5.3.3. - "r'fa;i‘ssis--;,iaa'uﬁe' Plaa’ for'rre'e.i'mfo roﬁéi:’s'té."t_ i;;n

NEB's basic plan for the construction of ttanssission lines
for the Tekai hydro power station is as follows. Construction of two
new 132 kV lines of approximately 60 ka (route iength) starting from
the upper power'station ‘€6 dn exist{ng substation élosé to Tekei’Qie
the Iower ‘power” statiOn.I>The exiSting Jerantut Substation §§ Gonnected
o Kg Awah Substation by a iSO maz transmission line having a trans-

mission capecity of 7? HNA, therefore, if the dutput of £hé’ Texai Hy&ro'
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: Po'.er Station exceeds the capacity of the existing 132 kv transmission
a new 132 kV transmission line of about 71 km' léngth witl be constiucted
from t‘he Jerantut ‘Substation along the existing transmission 1ine .
extended to Kg.- Awah, '

—~ 35 -
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[,6{1, Topography and Geology of the Tekai River Basin

T6 1 1.‘ Topography of the Tekal Rivér Basin

BN

Prthsaly The Tekai’River Basin is" boundéd by latitudé 4’00'“ 4622'N
Vand longitude 102724 E;IOZ’#Z’E;f It ‘1 surreunded by ‘the’ Bountitng’’
-_of the Trengganu éoastal rénges There are many peaks along the rAnge.~
-"Amﬂng them, Ga Dulang (3 488 fts), Gv. Ulu Bakar (4 561 fti), G. Tapis

:p@ﬁgSQE*The range_is orrented mainly ;_"thE'nerth'ﬁoi}ﬁkést?sddth-
: : rec ;og"ghigh 1$fcgliéd'th' "main direétipn

_folding system]have predo

LA

min ntly north—northwest south—southeast

"orientation'(nain'directioh)

B )-f_- : .
. : ,.7‘_

Sincé roek 1n Ehe mountain arearis héavily weathered and

{covered Hith thick laterized material the slopés.of the mountains are

’generally gentle._ However, G Laris and its range, c;nsisting of very
hard conglouerate cores, have been §0 . violentiy erédéd that the récks

1are nuch exposed ‘on the heights and the cliifs._agig]ﬂlf?ﬁff. S

[ '_,;

e upper reaches of ‘the o
*The granitic rdeks:i
Fat” the'surface layer.
Flowing grbhﬁ&‘water exerts pressure bn the sén&y particles; uﬁich h
) léads to 11quefaétion of sandy soils and impairs the stability of slopes.

.

‘ i ‘:;. ot

are completely eath

. ;¢—Around the Termus River aﬁd thé Jemér River, thé réck consists
’of reddish‘shale whieh is soft éhd cleaved, therefore the slopes of
both riversides*are géntle and - sose wide €érracés ave’ rdfsteibuted: aiong
the river banks. Also the riversldés of the Tekai River are’ nainly
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formed with gentle slopes, but there are some steep valleys whlch are
'c0mposed of hard sandstone. The damsites uould be selected at the
valleys as a matter of course._

o
o

6.1.2,° Geology OE the Tekai River Basin iﬁ%f fjj:f¥ £fg§?ie;ff' L

The Tekai Rivez Basin is underlain predominaﬁtly Ly continental
sediments, metasediments and granitlc fock as shown fa- Fig. 6 1.:~

. 1) COntiuentalrsediments jufi“rr-i-ul
_ ;the "Tembelihg Grouﬁ;
tock Frdn fossii v denée the envif .
basically coﬂtinental ana’the age off .Tﬁéy:afe? o
_nainly compdséd of 'éd g__metate, aﬂdstone, shaie addlﬁoicaﬂi‘ ¥6ck 't E
These™ can be" dividrd 1até 74 inits frém the viewpoint of'iitho~strati o o
__Braph?.' Fig.r Hlfﬁews the rock.fo , 5{ Rivet Basin.j;i' ,;fi
'This is défined from’ th "6 1& t té the youngest as follows'??;a'f'*“iﬁﬂ :
. AT T 2
1) - Kerum Eormation L
'5ii)3?*Laris conglomerate ”E’Tf_: R S
AR ‘Mangking ‘sihddtone “':ffﬂt *:'Zjé;{i:-g?ff f}ii ffi?'*f‘
f_fib}‘?*Te;mgs_réabeds I T
.shale and quartzose sandeton:- .
-and lava, with composition r-
e - L . S W7
ii) Laris conglomerate o R S S '. o \'\.

This is naﬁed after the derivative rocks which are’ typically
developed around G.- Laris.; It is a. unit made up of teddish cénglomerate,
,sandstone and shale. Since these tocks ate very hard, they Eorn out—
standing strike tidges with’ steep cliffs.;;- S
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iii) Hangkiug sandstone

 This: is naced after the derivative rocks which are tyPically
developed along the ‘Hangking River.: The unfe- consists mainly of

quartzose sand _onexinterbedded with grey and rcd shale. 'E_is widcly
:distfibuted 1ﬂ the midstfeam and downstream Areéas of the Tekai Rlveru,

i -L;:,saz-i Lo i e

ivj- Termus redbéds'

I I EIRRPEE L PR L
_ This unit forms tuo belts along the Termus River and the Jemar
iRiver;_ The rocks forming this unit are predomin‘ntly'composed:of red-
"dish shale,_interbedded vith minor amounts of quartZOSe sandstone.l The
reddish shale 13-soft and cleav

"surfaces on the riversides.laﬂ

;, therefore it forms flatish ground

_r"is ovérlying th“ thgking sandstone,‘
_but thé boundary between the Ter-us redbeds an

the angiin -sandstone

' is undistinguished bécause of ;he conformity of bOth formations.‘ﬁ--

“p i -;,-.'-3 R
el |;.-,. b

2) The metasediménts .‘. - - -,aévifngf-ﬂ
The metasediﬁents fora a belt betueen the continental sedi-. 7
ments and the granitic_rocks in th"u'stréam area of the 'ekai River,
L BEAREEE : AR L Brish
- as shoun in Pig.Ju_, , are name "Bangak metasediments" after
. derivation of the rocks vhich are typically distrlbu ,d along the

Bangak River,‘ They are considered to bc of the Palacozoic Era_from
fossil evidence., The grade of metacorphism 13 low,_but éﬁé\}éeks are
;generally foliatcd and those near the granite have oeen affected by .
contact metamorphism. They are COQPOSEd of slate, phyllite, meta—' ;{:

quartzite, Eﬁtasandstone, seaischist and hornfels.

. 3) -’ééanitié‘ro'ck's el

The granitic rocks ‘are” confined t6 the eastern part of the
Tekai River, as shoun in Fig. 6—1 and consist mainly of adamellite.
ilhe granitic rocks are deeply weathered in the mountain ‘area and the
'surfacé iayers aré domposed of loose’ coarse sands.f 1he river sediments

consisting of quartz sands are¢ supplied froa thése: granitic zones,
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‘Geolaogical Structure

Sediments of the Tembeling group have been folded into la?ge

or small anticlinorium and synclinétium structufes which' generally tend

NHH—SSE (maln direction) There arée’ sone 1arge folding axes 1n the
Tekai River Basin,'as shoun in Fig. 6 2 R s

- i) Termus syncline :,,};_ .

L

Sl This is & large Eold axis’ uhich ektends along the Tetmug

River Valley and tends NRH—SSE passing thfough Kuala Tahan. L f§7f5?'-‘

s e

This is another Iargé fold axis uhich tends pafhllel to the
lower reaches of the Tekai River.' The axis: tendlng NNH—SSE éxtends .
to the Jeaar River. L ; : :

iii) “Penut’ anticline ja_ _—

-\‘l

o This is a major anticline‘between the Tekai syncline and o

SR LT A

the Terﬂus syncline.h It plunges to the sﬁutheast. :

* 2, bty :

There are’ many small faults throughout the Texai River Basin,

but larga ‘faults affecting the geological structure haVe ot been seén’
so fat. : o

- &0 -
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“Bfﬁ{%gﬁ Geology of the lJpvPelf.'gffe f'.
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Tlﬁp a; scale OE i i 10 ﬂOﬁ Cﬁé-f
'5 5-2: :

intetbedded vith sandstone (TSS) In'the eaétgrn part of this area,
':the Termus fedbédé is developed along thé Ternus River‘ It forms

- - 3

are eroded differentiy at- the gtound surface.- The Termus redbeds %
o overly the Haqgklng sandstoné, with the naturé of contact unknown.-

';"njunctioﬁ 53 shown in Fig. 6= 5. -

the
vieupoint'of litho~stratigraphy in the upper site.' They are.hi

' alternétioﬁ of- sandstone and: shale (8812) T

3 alternatlon ‘f s éiy éandsfone and quartzose sandstone (Haii)

PR I ;"{f. v = _-_:33; -----

v) dark grey and light gtey shale (HShl)

vi) 'quartZOSe'sandstone and lithic sandstone (HSs‘)
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Table 6-1 Stratipraphy of Tekal Uppek’81ke -~

' b

R
E P

Geologlcal Age | symbol | Formatfon | _'iiiﬁélpgy,

Quatériary

Cenozole.

o "'iTéYiéﬁé” ?-;‘— ay: o‘ aining gfavel
- Qtr . fﬁépbéitsf* “and’ organic matefial

: _Redéish pufplish—red shale
;% | interbedded with mudstoné and -
,sandsto elj_Ff,

. Redbeds

Lower':= = oo fio
Crétaceous

el s e oL | pukpldshidea *hale taterbedded
Y Pl 2 ;{,1;,Lf>jr;_uith mudst ne and sandstone .?;

e .—;.l s X

cTe o : -;:Predominantly u_ttzése sand—~
'HSQé-n" . 7 ]'stone- interbedded with gréyish
S _ ishaler_l_ .

Rl ERTRNESY DR ;Alternation ‘of . sandstone and
2o shale o L

S B TE TR Beasar .,

- b gandstone :Alter atign: of sandstone apd

S| shale interbedﬂed with shaly

e T ?sandstone ‘and’ quattzosé Fand= "

D RN DS REI stone,, R sty

TN P Dark-grey and greyish shale
S R T R “interbeddéd with’ fine ‘Sand-.
Sl B SRR R 1201 ?*'a?, AR TSR

.

Mesozode

vpper ~ ¥
Jurassic /. i

IR IR :Hélnly duartzosﬂ aﬁagiﬁhé'AEE
Hss, | - | interbedded with shale, sile-.
P . ;ha;;,;'g;, stone and shaly sandstone

Y sl I . -_r i iy
ER e z g H = i

Around thé Termus conjunction, there are some wide terraces vhich
are formed by 1oose sandy clay includiug organic material airy.’ There

_are some narrow terraces élong the banks of the Tekai River. They are

and on the right bank 200 n downstream froa the upper damsite. They
consist of gravel and sand which are tightly consolidafed i

T o0
H i
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Hithin' the river channel; there are gravel; sand and clay
deposits (r) whlch are periodically flushed out by floodsi On the

river banks, there are deposits of | fine gfained sand fofming relatively
flat terraces.iﬂ soEtEr ' s

:

i

i

13 the Termus syncline';hich"“xt s'along the Termus Rivef. There o

e s b A

| ;fé énothér seéérallfold axés-inzthis'site »as shown in Fig. 6 5 and % ;
i i
%he rock consists of quat;zose san&stone, lithic sa‘ stone, shaly §
sandstone, shale and some conglom’fate. 1heré are three fold axes ?4 %
which are respectively 1ocal:ed at. the right flank the fig‘hl: ri\,‘erside?’-'
'and the left flankim ;'f’fi“fj;zlﬁ-i? tf?:‘ ;,jf_.:g{'_{»”?:’“"“g : é

'area, éfé. A geOIOgical map.dréﬁn’from observaitons in the field is f,

shown in Fig.” 6-7; and the stratigraphy of thé lower site is showu fn.-
Table 6 2, ' : : ’

:i"afﬁe'féckqiﬁ the lower site 1S composed ‘of: Mangking Sandstone
and Termus redbeds similar to the upper ‘sité Tﬁé‘Terhué’fedBQQS'is’“
distributed in’ the eastern part 6f the area. “Thé Hangking sandstone is -

developed in the central and weéstern part of the area, as shown in
Figi’ -7 SR '?'ii'J VT e
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Table 6-2° Stratigraphy of Tekal Lower Site o

T L L LN A T U I UL A S SRR SR

Geological Age | symbsy Formatlon U uakhology

"River Béd Hainly quartz sand contalning
R I F »E_crif—ﬂneposits o silt and” gra#el i
Quaterpary’ po—w-— -y = e

: __Qf

TTerEace _
;[Deposits < f

. Cenozode”

Sait

Tower T T Fermus

Cretaceois :T“}ééf*‘ 'RedbEdS”.:EfPredominantiy

fana sandstone

el bd 'Predominantly quartzose sandstone
L and sandétone . - .

fUP?éfE:Ffig 'ﬁ;i?’ uﬁahgiihg:ﬁ 'Altetnation of:quartzose sand- :
Jurassic Sandstoné’ 'stone and shale T

. Mesozede

ﬁSh g ' Dark—grey and gteyksh,shale S
S N _ 'interbedded Hith fine’ sandstone ;

: ’Conglomé}ate nterbedde w; th M
ERS 1 Bt sha]_e , RN B

: The Termué redbeds consist of two types of tock._ Gne is a

reddish putplish shaie (lSh), and the other is a quartzose sandstoneriwe
and lithic sandstone (TSS). :

SEE e R TR

;7

The Hangking sandstone is divided into 6 types from the view
point of titho- stratigraphy in the 1cwer sité. They are:

1) ted purplish shale (HSh

i1y predominantly qUattZOSe sandétoné‘(ﬁSsé)
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- passes througﬁ the northern

111) altérﬁatloh'Bf‘qﬁéitZBségédﬁdétoné:éﬁé shale (Maly’

1v) dark grey shale (Hsh )

‘ v) mainly quart%ose sandstone (HSsl),j:ﬁ L
fﬁi); conglomerate (HCg) :52§,J;;“éfff'.5'5

on B o _.;;g‘

j Terrace deposits are 1ocally distributed along the banks
6f thé Tékai Rivér. They consist mainly bf clay ineluding organic '

‘material ‘and cOntain gravel and sand in some places.:'

'i‘ . _ ; .
Within the river channel theré are gravel, sand and clay

: deposit% which are petiodically flushed out by floodé, L eris o

it
A

1. ey

: There are two large folds aroUnd the lower site.. One of

'thém“i ] he Penut anticline and the other the Tekai syncline\’as shoun
in Figa 6 2 The Penut anticliné is a majér fold axis betueen the’ 2

:Tekai syncline and the Ternus syncline. ;The fold axis, tending NH—SE,

i Tt of: the louer site. The Tekai syneline .
- is a major fold axis which extends along the Tekai- River in the lower

F

" site an& tends in ‘a NH~ B direction.

site, but small 10calized faults:haVe beeu confirmed 'as shown in Fig.

'6 7. Brecciated 20nes of these féults are several aeters in wddth

Fig. 6—8 shows a geologieal profile of the louer dam center.

The rock consists of quartzose sandstone, lithl(‘.‘ sandstone, Shal}' sand- p

;-stoﬁe and shalé. The strata ar' dipping to the SE, ';,, in the upstream

P R TN ou A S P A I L P e P E G AE E

R S S T R ]
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6.3 Drilliqg'an&IPsrmeasilfty Testing

The 1ocations of drill holes ate as illustrated respectively
. in Fig 6 3 Zad Fig. 6= 4. The quantity of drilling work ‘and perméa-
bility testing is shown in Table 6*3.
Table 6 3 Quant{fj“of Drilling Horx and
' Permeability Test o

Site g :ﬁfii'l-—:folré'- “Depth (m) C Pérmeability Test

TNTI RC Y30+ ek
LT iy SRR T S Q%;44?’
Upper Dg‘f‘?‘éitré TN T B B 60 ]
| ' 1 - v ] 25006

c\ 0.~ op [V

B C T .'-,:i'.so.o R :
gy 50,0, =
o k-2 1B 46'0 ' 6
prer Bamsite ﬁwasiig-:-;f =?:39 0 ‘f”
; B PSR SI 0 A ’
Total . = Ta0.0 | 61

_ The findings of the drilling work are 3ummarized in Fig. 6 10
and Fig. 6 11 uith the geological log of each bore hole shovn.: Hifh

regard to geological log, weatheting, quality classifications of rock
and RQD ate defined as follous.

1) Heathefihg

Table 6 5 ‘shows grades of weathering fot san&stone and shale
in the project site.

- 46 -~



A

Y-

v Amrriem v SAER NP LR w1, o Vo ok | A 1

Table ﬁ-ﬁ"cfédﬁ of'wéathéting"

L ] O ‘f N H Pt ;
e -

Grade

5 B : No'visiblé deteriorétion é

:3ii‘ 'V31ight1y. “|-Btowa 1isonite” staining along | eracks, bt

T fweathered pieces of Nx core_are fresh; ! )

‘;Hbderatelf

'Considefably alteted) but pieces of NX ¢ core

.fﬁeatheted

cannot be btoken off by haﬁd

’-rco§p1e€ery

ueatheréd

-+2) Qbality Classification of Reek * I~ 4" <1

—7“1 Table 6 5 7§ﬁality Classification of Fbund;t

Quu, classitication f Foindation vock 3 shil 14 Tabte 6-5.

il AN Laes 3 32

3

1dn Rock -"

rein et mild el GititEg

Classificacdon |°" o~

fcharaéteiiéficg'“‘ :

Rock forming mineral§ aré’ fresh and not weathéred or

fAt; altéred ‘jdlnts and cracks ‘ard very closely aAdhered
s -with no’ ueathering aibng thelr pianes. ‘K'eléar sound
is emitted khen hammered. s 1 b
X f_‘h L 'chk—formingﬁminéféls are Heathéted slightly or' part—
e "E*f 5 B alveiéd ) & the rock’ being' hard:““Joints and
LR S £ cracks are: closely adhered.! A_glqar_squqd_is_e&it;éd
whén hammered ' L
_ Rock:forming -inerals are weathered but the, rock is

o |-Eatrly haed.

. Thé. bond between rock blocks is slight—
ly re&uced and each block” 13 apt- to be- exfoliafed :
aiORg j01nts “Hod ‘eracks’ By strong hamdéring. Jointé
tand cracks: sométimes contafn’ <lay and other. material
which may . be- coloured by limonite. A slightly dull_
CSound’ 18 emitted whén hasmered, ‘

(10 be cont*a)
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Table 6-5 (Cout'd)_

Classification j' - i T Characteristics
QRockrformlng mi*‘"els are’ weathered and the réck 13 E
: elightIy 50 ft Exfoliation of ; the_roek oecurs aloﬁg
e : ’ _ - LA ddakbehe:
H : }cracks sometimés contain claffénd ather. nategialy i
A sonewhat dull sound 18 em{ttéd uhen hameeréd. j:_-g
' :Roc\—‘orming, ; , r and
e esoft.¢ Exféliation'of the rockiuccurs éldng joints
N ' } :
- D . :

( Source, Standards for Geologiéal Investigation ef Dam Foundatione,
. JuR.CLL. C. on Large Dams ) . L : L

Ruck Quality Designation (RQD) was de[ined by fDeere b. V.

~as the sum of core length being 10 ¢m or over ‘t6 vnlt’ depth of the

rgboring. It is given by the equation N

R

_ T~:{,’: "-'f-’--,: - -."”"‘--":
. where - L; unit depth of  the: boring ___”,ﬁ

i core 1ength‘being 10 em’ or over

B RQD gives 1nfoematieu'on engineering geological eonditions _é
;-uch moTre than reco#ery of eore, because it represents the frequeney, i

P oE fisSutes.

Irock at the projec site is shfuu_i,;fig. 6 9(#),, 3
étionship between RQD nd 3 _
- RQD. quality classification and ueathering are ciosely related to eaeh other.-

x Deere, D V. Design of surface and ‘near surface construction in rock
: 8th Symp. rock méchanics. 1966 Proc. AIME, 1967 '
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~ Upper Damsiﬁe:‘ R Q:ﬁ.;:: L;-l;:fu P

'drilling work-are ag: follows'

i) Rlver deposits consistxng of boulders qnd sands are very shallow

(0 9 0 in thickness) at point U—3. Co ,_'” 1'jf';'

,___’

ii) At pbintséuf2;and U 4 locatéd on both flanks of the damsite

iv) In genéral,‘frésh or’ élightly weathered rocks ar ¢ol
-very hard quértzose sandstoﬁe ;and shalé. Héwever, $ome of “then: are'Véry

cracky, therefore RQD values are véry small oF zero in sEféral places.t

; LE L SoET - L : b =
ERE AL I AN P S it vl -

" Lover Damsite
. The locations of drill boles at the 1ower damsite are shown
: in Fig. 6 4 and Fig. 6—7, and the geological log of each hole 18 summa- .

) tized : ) Fig._ﬁ.ll. The geological features found through ‘the diilling
work are as féllows: o Do

i) River deposits consisting of boulders and sands are shallow
3. 3 a in thickness) at point L—2.;V_

' ii) At point L~3 located on the right flank of the damsite,
coapletely to moderately veathéred zones are rather thin ‘(about 3 mD,

and slightly weathered oF fresh rocks are distributed close underneath
the ground surface. 7 S

iii) At points L1 and L4y locatéd on both heights of’ the damsite,
_compietely to highly wbathered Zones are not’ so thick (about 8 m), as
compared vith those of both heights of the upper damsite,

.:.[“9_.



iv) 1In general, fresh or;sliéﬁflj.seéthsfed:tbéks ave composed .
of vety hard quartzose sandstone and shale.. However, some aré very
;cracky and, théiéfofe, RQD values are very smsll or zero at places.,

" These geologicdl conditions are very slmilar to those of the upper S

damsite.f“ o

g2 Permeability'Tésts

“and loher damsites‘; The c~ ed :
permeability tests are sumzarized in Fig.-ﬁ 12 anth_g; 6-1" ;';f‘”
:meability of solid rock is mainly due to water percoiation along bedding
planes and joints. At both damsites, ‘the surface layefs of the- rocks

. possess high permeability (K > 2 x,10 -4 cmlsec.), since the bedding
planés ‘and joints are widened by weathering. H general, the frésn

rocks” possess ‘low permeability (K < 6 % 10 =3 caISec ), because the bed—

ding planes andlor joints of - ‘theéns aré closed Howéver, in caée of v

cracky zonés thé pereéabilities of them are high (K ZMT X 10 cmlséc;)'

though the rocks are’ fresh

~

L



6.4 Seismié Préspecting ; ‘¥?’7-f-?1"”'

6 4 1. Relationship of Seismic VelOcities to thé Geoiogy ti

?;t;_ The rocké of thé projéct site consist oft intérbedded areneous
and argillaceous sédiments w‘nich ére mainly compoéed of quaﬂ:zosé
sandstone and shale respectively; ’Thé selsmic wavés aré mostly teffacted
along ZOnes of*ébtupt change in degrée of wéatheting which cut aéross
lithologtcal boundaries, although there 13 sone lithologlcal control

_ , Heathering of the shales is mainly affécted by chemlcal
decomposition with'gradqal change in seismic velocity from about
' _f3 500 mlsécs for.ff :

.h:shale.; The sandstone aré:farimo"ekchemically tesistant and‘ﬁeathering

'blocky joiﬂt syétem. Thé velocities vary froa ahout 5 000 Pfsec. for
'fresh and p;rticuiarly wall cemented units to as. loa as 1,000 nfsec.
for highly ueathered Sandstone.;xThe considerable velocity variation
of overhurden (top soil and completely weathered zoae) S K found ‘along
_the iﬁdividual seismic lines.“ The velocities of the 6verburden vary
- from about 350 mlsec. to 500 leec. in’ the prospecting area.

Table 6 6 shows the reiationship between the seismic velocity

. and';he weathering grade of rocks {n the upper and’ iouer damsites.

Table 6 6 Relationship betueen Seismic Velocity

and Heatheriqg

#

u“ T i ek

i L Reesh i e s 000 mfééc. (sandstoﬁé)
::2;”:—51{ghtly % t'resh 25000 ~"3,500 alséé.-

.i3$;”3: Mddératelyia sliﬁhtly 15 &00 A2, 000° mléeé. e
D 'ﬁiﬂ‘COmplétely A highlyl:fé L 900 LR 3= 300 mlseé.

: :;55? T6p soil A completely aiﬁ'350 %500 h]sac.““‘=
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6.4.2, Interpretation of Seismic Prospecting. -

1) Upper Damsite -

'

- As shown in Fig.n_f_ e seismic lines at ‘the upper damsite
were’ chosen as 3 netsork covexing the entire damsite.: Among them i
-the, main alignment U A was’ set up along the proposed dam ceater::  The.

amount of selspié- prospecting work done is shown in Table 6-7.;‘ [N

A L

_ Teblé 6#? Amdunt of Seismie Prospectlng Hork

Done at Upper Damsite -

SRR

G ﬁ;k-v [

S BRI

e

U~dé

B T RER S RSN

The seismic profile of the main alignment U—A EES shown in
Fig: 6-14. Three refraetors ﬁefe detected under the overburden of 400
- ro 500 mlsee;; Ahe velocity of the shallower ranges frea 900 to 1 ;300

.m[sec., and it may “be’ lnterpteted as completely to. highly weathered

zones.* The velocity of the intermediate layer is ab0ut 1, 860 mlsec.,

and 1t may be cbnsidered as a moderately weathered zone. - xhe deepest

ranges from 2, 000 to: 3 500 afsee. whieh cotresponde to the ftesh to
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As shéwn in Figa 6 4, the seismic lines at’ the lower daméite

: the main alignment L—A was set up aiong the prdposed dam centef.;iThe

':agoqnt of seismic prpspecting work dqqe_ls:shpwn_in Table_& 3.;

. Tablé 6 3 Amount of Seismic Prospecting Hork

Done at the Lower Damsite
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Total 2,520




.- The seismic profile of the nain aligﬂmeﬁt L—A 13 shown in
- Fig., 6-15. Three refractors were’ detected under the ovérburden of-

350 to 450 mlsec._ The velocity of the shallowef 13 about 1 000 mlseci
The’ velocities of the intermediaté and deepest are te ctively 1 400 =

"than fhose of’ thé upper damsite. Accotdingly, Ehelweatherlng & 'dffion

- of the lower damsité is evaluated €O be’ bettet than tﬂat of the upper. o
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