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Lo THEHERYKRO LS CHE LK,
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Fig.— 3.1. Correlation Between Load Factor and
Maximum Demand in 1963, 1964
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TRKE % B0 TH & MMUTHRMICR T o 5o L 22T Sialilithom)ll & DR L TRIE L%,

Liang JIl& Sempan iz, Sk b drict - CHETELHELONLO T, Beiat LR, Li-
anglll & Sempam % & h T MIMC ST 5 2 BENMAE & SempamJii% Liang JII~HKL T1RE
e+ nHiEsREShi. CO2DDHBECIWTORHBERIR -4 1ERFTLF DT, RAF¥ 2
rOhEN2RENRGHERC S REFENC S HFATD 5,

4.2.2 Liang BEAT

Liang BBk Liang M & Jernen o Sidn6H L0000 ft FHOESH L4401t S
Uﬁmlnmumwatmmb.2mertoﬁm%nxof.&kmnlammm.mﬂ%é%ﬂﬁ
088 x10° Mh AT D, MABEAKRLL 5 Cctfs, NHEEB20 1 THI,
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f1 OEEEL >3 2 Th o,
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Table 4.1

Items

Brief Description of

Alternative

Compar ison of Alternative

Alternative -1

Liang and Sempam
developed as two

separate schemes

Alternative-J

Sempam diverted to
Liang then devel oped
one scheme

Number of Power Station 2 1
Installed Capacity(W) 21,50°¢0 20,000
Firm Power (i) 8600 8,200
Bnergy generated (GWh) 13 7.5 125
Construction Cost (1 &$M) 87500 34900
Generation 33600 31200
Transmission 3.700 3.700
Construction Cost per Ifh
Generating End(cts M) 242 255
Transmiting End (cts.M) g 7] 2 8.5
Eccess Benefit 1910 1560
B-¢C (10° $M) ) '
Cost per Mh (cts.M) 1.7 1

with trapnsmission

1.8 5

ﬁﬂm%%ﬂﬁétéoﬂm@tﬁﬂTAﬂﬁmfﬂfﬁﬁtaémtb,E@&%ﬁﬁr%,ﬁE.ﬁm
MNFE ST B TR TH L L e RAREHE LT, BAK, IO L 2BRTHE, over-
head cost #EIFD5 4, MLFEEHEr—t 2BELE, ZOr—FORBICBEZERAAZ LS
éﬁomﬁtﬁﬂbcthb.%ﬁm#&ﬁﬁmmmféaor.rV$mﬁli.%mmmu&ha
mmﬁﬁﬁﬁomﬂuﬂmﬁﬁg<.%ﬁmébbr%hﬁwaacLﬁﬁor,ﬁExby$»amm
ELFIEAR »2a t BEAHOMAA LD T, KEHEITB TEFREOCBRHE LT 7.

BEER b Ao, AHOMSEEAMLNEIBL 2 2HQ7D5 5. Thabb, KikihRrbbLRE
BnieCHTANBE D, FTRED S 2KHLLOEKC L 2T, BROZHNOBRTATFHINEE
BIC, KHORERGFUCHEIRE, 27, HAKLEHBET I LOATARTH L, P> FAILD2NTE
EEtTdh, TOr— 2 FARELHERPCECB 0T, P ArHHOEROTEER DWW TOH
MR LAERI BTN,

-k, ENrr aa L HEANOR HHEDNTI, NI cEREO Y+ 7 b EHiic L DIRE
A biont p RCERBCHRT b AZ0 T, BE&xBERLET LS LB T2 5. EANr»2rTEY S
S, PR ETNERoRSM TS, FAKESALRYIIC, Tt rydrr— b BOTR
B, ik gohcRrssoT, Kitfar2z2)—t34=rs70t->THIRING,

Bl 2 00MRIEDNT, RN LRBER - 4 21CRT,
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Table - 42 Comparison of Tunnel and Head (or Surge)

Tank Types
Power Stations Liang Sia Sempam
Tunnel Type non= non= nen=
pressure ! pressure | pressure | pressure | pressure| pressure
1} General Features
Max.Discharge 220 160 130
(cfs)
Length 22.400° 21800’ 11700’ | 11100’| 18200’ 16000’
Gradient 1:800 - 1:800 - 1:1000 -
Diameter 7'—-10" 8'-00" 7'—g0" 86'—10" 7'—00°" 6'—10°
2) Bstimated Costs 6870 6618 4,240 3816 4,340 4,114
(10 $M)
3) Annual Costs 6817 662 424 382 434 411
(%10 $M)
4) Annual Loss Energy 332 1.9 4 127 1.18 121 110
(GWh)
5) Annual Loss Energy 149 817 57 51 5 4 50
Costs (x10° $M)
6) i3) 4+ (5) 836 749 481 4338 488 461
(x10° $M)

ENX Ly 3ot BEAOEESEBHENTS 3, 2 cREHEE0AREL LR TY, Cohrfhn

Twmd. toT, BB A ENRERAL, BEANLET I 08T 5,

#HijanEKBIC oW, HEAM TSRS EAFREL, EEX L ¥ 2 v 2RRAT 5,

REF A ERICHT 7, Liang A KEFTSRIC I CHETEKT 2. SROGARREH. BARRATO

KRBT ER, pOBUR LW E, AIREILRKEYE D BN &, BEKH, KEESEIH
LHEL CHETCE BEDRDTD D,

REFDRE LT, AIARLFAALTHASE > 22 0L THKEXETCE 2lRTEHBTRL

L 7.

Wk 2~ RE3 801t T, ER/S6 0 11 MLICHEKT 5.



4.2.3 Sia sEW|hr )
Siammdie. EE 1440 (1 HEHGIKL 11000 ORKBICL->T, BRAMNES 00K, &
MERAETHRE 54°x 100 MhERAT 2, RAEAKERL 60 cis, HHFRTT0 1t THE
WAL ANEG~10", £E11100ft OEF >34+ TH 2.
b k0B, Liang %@%o%%bmmﬁt&mfba,ﬁ%@%%fﬁﬁwtaﬁm%ﬁ

PR L & Do 4.2.2 TONK LR LS CHERALTAr— P ZBEL .
4.2.2 TO~F LA ERERT 2 o kiR, ENE v 30 EHERELRA L%
%ﬁmmEﬁK%H.EMOWﬂNMmloﬂb%oﬁﬁ%*ﬂTﬁaLﬁ,

HAkmuRis ot Et02 T KT LA

4.2.4 Sempam EEH
. Sempam B A 3 Sempam JI| 226 16,000 £t ©HKEIC L > THIKL, BA6,500 WEMBEENIR

386% 10% WheRBT 2. BAERAREIB 0cfs, ANHEET00 1t TH5,
Sk INES~10", £3160001t DEAF 22T S,

b vk A oBIERL, KA ERESMET, 250~300 ft OFvoverburden THEFHNT
WwaH, PrFroTRBAREELE> TN,

R MBTABART_Tar 2 B LT 5,
%Eﬁmﬁﬁm%ﬂk.%mﬁﬂﬁuﬁmﬂﬁ%ﬂmut&m%r7$wmxb,mmﬂtﬁTtéat

& L gverburden Db ¥ TNE Lk

m#%ry$»u.ﬁézsorzf%%ﬁgsftﬁﬁm&m?a,

4.2.5 HETERE
Sempam BB B AL L, 22256 SiaRBHTdy L ¥ Liang REHA~Th TN mE#gFollr—t T

HIC 6 6 KV T Ko SempamBEAC 132 /66k EREERHRBL, 18 2CHELTIEREE
B TTras #$% T, Segambut S.8 ~EW+ 5. (+—rlh#EzAppendix-2 &R )

Raub # LU Praiser's Hill ~ikSempam REHi26HER 1 LVRERELFAL, 59, HRO
Sempam R BAI~E& 1 1 VRTRL5IAS, Raub ~REL, fHKRaudb OFMHME LU Fraser's
Hill ~ORBRPEE % 7 Ak, SempamBEF 25 ¢ 9 1EHEIH L. 1 1 VRERLTET 5,

118 TF#% 5 local loado®iEE LT, X4 Sempam SBEAIC 1 1/8.3kY, 3,0 0 0 MOMREER
HBLT, LIVIEROSIM LEEEL, FREREZESR P LTI HEROMEHFTEZIE L L.

Kuala Lipis ~®&EL, SempamBEH 2 5 Raub %~ T, #MRNCEEY— FEBEFT IO
592 Line Kuala Lipis ORI oEMEE, &% LAEARGESLMEL TREAE6 6kv, 1BHO
TR ~A Th B, LIt - T Sempam ICH: 6 6 Kv3 [N 1 BRSO MR SPTREZ 3l & L e,
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Fig- 5 2. Rating Curve for S Perting at Perting Gauging Station

( C.A = 40.5 Sq.Miles )
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Fig-5. 3. Rating Curve for S.Liang at Liang Ganging Sfation
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Fig-5.4. Rating Curve for S.Sia at Sia Gauging Station
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Annua!l Precipitation 1in Inch

Monthly Precipitotion in Inch

Fig. 5.7. Annual Precipitation
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5.8.1 MEOHEEFE

R 3 N D K RO BTN O S50 Perting I 2 fiRA 3O Specific Runoff ©#
et RHOBERZDEY THD,

coEin, ReWEBAoRBFLACNEBR I 9 fTebh Tz Perting Jilo itk & HiR v 3@ Il
OFEE OB MEARS ZEL THRHELLIDTES,

Qs = 0.8 5 gp — 0.5 B ververrruimrmeree sttt e e e s (5—-1)

Gl = 0.6 0 qp + (.8 0 coeromreesmeceetmmonumein it se it to st gaes taasaess {5 —-2)
(Fig-5—-0%K)

Qi = L 88 qp — 0.8 Dremeeererrermtmmsmiiii st s e s e {(5—-3)
{Fig. 5-1028)

o, as : Specific Runoff for Sempom River in cfs per sqg Miles

~

ql : ” Liang ” ” r”
qi - » Sia ” » ”
qQp - »” Perting ~ ” ”

chb DA FEEFig5-9 ~ Fig . 5-11CAR T Lo W EBAEME & MEDORC-LDTH 5,
oTCeh b Y« FHE i Pert ing MOFRITHD 3 3 Wlic> - TEBMNE TID Specific
Runoff #k®Hoz LK 5, Perting JIl& Specific Runof{ & Raub HEmMEARA® 3 FiD
Specific Runoff % L ZOERMBEIFESE Fig-5-12 Dk &9 rind, &itEhSOEAERK
O MR A & SHERK B AD RO HE A Lo DT LB o THRS 2 Spec1fic Runeff EIHEM
AORBIAAE Rl 35,



Specific Runoff for S.Liang in cfs per Sqg. Miles

Qe

Fig-5.9 Correlation Befween Perfing and Liang
Specific Runoff

10
Coefficient of Correlation
r=0 77
L ]
5
Qe=0 60 Qp +0.80
* Legend © Measured Volues by NEB
« Data of Seif-recerding Station
i Average of Every 5 Days)
o 5 (18]

Qp= Specific Runoff for S.Perting in c¢fs per Sq. Miles



Specific Runoff for S.Sia in cfs per Sq. Miles

Qj

Specific Runoff

Fig~5.10. Correlation Between Perting and Sia

Coefficient of Correlation
r~ 0.78

i.egend

Q, =1.38 Qp - 0.85

o Measured Values by NEB

» Data of Self-recording Station
{ Average of Every 5 Days)

5

10

Qp =Specific Runoff for S. Perting in cfs per Sq.Miles



Qs = Specific Runoff for S Sempam in ¢fs per Sq. Miles

Fig.- 5.1 Correlation Between Perting and Sempaom

Specific Runoff.

| ..
Coefficient of Correlation .
r=0.78
™~0s=085 Qp -0.52
Measured Values by NEB
« Data of Self-recording Station
{ Average of Every 5 Days)
O 5 10

Gp = Specific Runoff for S.Perting in cfs per Sq.Miles
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5 3.2 ArEsAOE
MROAERESTLI06 24851 96 54ED 47 EMichbid Liang . Sia JIl,
AR MET RS L Table 5-8~5-5 O k=0 Lizb,

Table 5-3
Average Monthly Runoff in Project Area of Liang
Power Station (588sq.-Miles) uniticfs
Month 1962 1968 1964 19665 Average
Jan 3161 222 253 166 289
Feb 193 231 241 15 4 205
Mar 228 281 228 138 205
Apr 272 158 2817 17 4 223
May 25 4 209 245 212 280
Jun 171 144 182 132 157
Jul 138 1338 185 109 1438
Aug 171 185 149 13 4 160
Sep 170 159 163 168 165
Oct 288 207 175 285 228
Nov 287 545 225 883 297
Dec 274 28 4 268 412 308
Average
Anmual Runof f 228 2009 216 202 218
Table 5 —4
Average Monthly Runoff in Project Area of Sia
Power Station (248sq-Miles) unit :cfs
Month 1962 19638 1964 1965 Average
Jan 238 148 177 94 164
Feb 119 156 1665 g2 131
Mar 153 156 1438 67 131
Apr 195 36 210 102 148
May 178 135 170 137 155
Jun 99 78 109 61 85
Jul 8" 67 112 3¢9 71
Aug 949 112 1 63 g8
Sep 97 87 91 96 98
Oct 168 133 1038 208 151
Nov 210 265 150 253 220
Dec 197 208 1817 330 2380
Average
Annug | Runoff 151 185 141 128 139

_33_

Sempam



Average Monthly Runoff in Project Area

Table

-5

of Sempam Power Station (801 sq.Miles) unit cfs
Month 1962 19638 1964 1965 Average
Jan 182 113 135 72 125
Fed 91 il9 126 6 3 100
Mar 117 119 118 51 100
Apr 1409 66 160 78 113
May 136 1038 130 105 119
Jun 76 56 83 4 6 65
Tul 52 51 88 30" 55
Aug 75 85 59 48 67
Sep 7 4 617 69 78 71
Qct 124 101 79 159 116
Nov 1640 2038 115 194 168
Dec 151 158 143 262 176
Average
116 103 108 98 1046
Annual Runoff

B4 #

x B

HEROMRE T — 2~ 4 FEREOLOLIRVOT, ThbprbHERKREROIC ERTENR

(A fEoT, c zCR Rational

Rational

Qp 50830 (f-r-A

s

Qp

f
r

A

: kD Peak fiist (cfs)

T 3 RPN FFEREE (in/he)

D MR ART (sq- Miles)

ARNFHOCARTHrGEKEATRET ST LETH,

(5 —4)

HHER R ROMA, BB, RESH4+0RB: 3EMOEMBEHHES (50~80%) FHELT—
&msoﬁtbtoﬁmﬁﬁ%mﬁo$ﬁmﬁﬁ&ru.quﬂsﬂnloﬁf45¢m®&&ﬁxam

ﬁ(wzmmzﬂ&%thﬁM%&Mﬂﬁﬁmﬁwmﬁﬂﬁﬁ&%MLtmﬁbt,to&&ﬂxﬁﬁﬁu
EEHNTREL 0 0FMEL vk ARt eAN TS0 FL 605, R, Fraser's Hill QiR

Wf%ﬁﬁ@ﬁwmmév.ﬁ&ﬁ#%ﬁﬁdenﬂsHﬂ]@%h:O%&v%@hﬁﬁéhauﬁo
Tl FERAHBFRC LD EEL kR EaRettz b o2 liTH 5,



B B M TN o AR b 2 Rziha Re AWCHELE,
Rziha 3{

W=4 4.8 (H/L)uﬂ ..........................................................................

zste WK EEEE (Miles /hr)
H: &% Miles)
L AKREH S (Miles)
T« EEBEMH Chr)
AA~OER (L), RIFBEE(W) , BRI (T ) XTable 5-6 DL &Y TH 35,

Table ]

Horizontal Length (L) . Propagation Speed (W),
Time of Arrival (T) to Each Site

H L w T
Site H/L
(Miles) (Miles) (Miles/hr) (hr)
Sempam P.S.
Diversion Dam 1. 8 124 1718 7.9 1.6
Power Station 2.1 1 4.0 1/17 1.7
Liang P.5.
Diversion Dam 2.1 16.0 1720 7.5
Power Station 2.5 201 1721 7.3 2. 8
Hijau Intake
Dam L5 8 4 1/14 9.1 0.9
Sia P.8.
Diverston Dam 1.6 115 1719 7.9 1.5
Power Station 2.0 1853 1717 81 L7
HEE GoBaBgto aRe ol
Dr 4% 2k
ry = Rze/24 (24’/:1\):/3 S N L

Tyt ory Bk EIEBERIA O FHF K (in/hr)
R ¢ BHREE C1n)
T ¢ gKEIEEFH (hr)
LiEonsr o tEROHEN K2+ 5 L Table 35— 702 &h L5,




Table 5-—7

Design Flood Flow at Fach Site

Sempam P.8. Liang P.S. S8ia P.S.
Item
I.D. P.S. I.0. H.I.D.| P.S. I.b. P.S.
Catchment
Area(sq Mites) 30.1 341 498 737 8.5 9543 30.8
Design Flood
Flow (cfs) 37,000/40000})50000)638000) 15000/ 32000 87.000
Note : I.D. = Diversion Dam Site
P.3. =Power Station Site

H.I.D. =Hijau River Diversion Dam Site
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Table T-1

Bastc Data for Determination of Maximum Available Discharge

Power Qmnax Pmax | Pfim Ph Construction Cost
Generation | Transmission Total
Station| (efs) | () () | (Mwh) (1p00M. ) & %3536§fé3" (1000M. $)
27517400 6800(103000 23100 2,250 25850
Liang 250(15000] 6800 98800 20200 2,250 22550
210|12500] 6800{ 95000 19,500 2,250 21,750
200(/10600; 2600 57,800 13300 1.270 14570
Sia 160| 8500f 2600| 54300 12000 1,270 13270
135] 7.200[ 2600] 45,700 11,100 1,270 1238170
155| 7,700| 1,800| 40900 14600 970 15570
Sempam 130| 6500} 18900| 88700 13300 970 14270
105] 5200 1,800| 36400 12700 970 13670

Legend @ Qmax : Maximum Discharge
Pmax : Installed Capacity
Pfirm: Firm Power

Ph : Annual Energy Pruduction at Generating End

SRBHOESr — ALV T, EAEPCESTHRE(B) REEEN (C ) £HIL, HBMHE (B -
C)&XbméfaaFm.mw~ﬁwayoamaoK,NEB@“Amummm'm%c1:$»¥—
EF bfwkb@r?:*}“% YPi1g. T—d~BD Y b, TR INEREFTRABAKEEE - Hia,
RO HEE BULEBA CLRLBEN LD, o T oAk 2% AFEKR AT 2,

Table 7-—-2

Max Discharge used to Project

Power Station Max imum Discharge
Liang 250cfs
Sia 160 ~
Sempam 180 ~

Lk DA RE AT, ¢ rEMics>wCERARTHEL, ¢+0Rr AcRHLrsbox
RtE, Table T -8~T1T =50kt 0rikad, ReheWi R~ HARLOWEREERTS &
Fig-T—-1~00D k0 r7ch,
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Fig-7.4. Excess Benefit and Cost Per Kwh

tor Liang Power Station.
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Fig.-7.5. Excess Benefii and Cost Per Kwh for Sia
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Fig.- 7. 6.

Excess Benefit and Cost Per Kwh
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Table

7-3

Average Monthly Available Discharge

at Liang Power Station

Unit : cfs

Month 1962 1963 1964 1965 Average
Jan 244 213 228 168 211
Feb 192 218 225 154 199
Mar 208 2189 214 188 195
Apr 28686 1538 23 4 174 201
May 228 190 2189 204 210
Jun 169 144 180 182 156
Jul 138 138 1832 109 142
Aug 164 160 148 130 151
Sep 168 159 1638 168 165
Oct 218 201 172 227 204
Nov 288 250 210 2438 285
Dec 243 2 44 23 4 250 242

Average

Annual 204 181 200 175 193

Table 7—4
Average Monthly Available Discharge
at Sia Power Station Unit ® cfs

Month 1962 1963 1964 1865 Average
Jan 158 135 142 9 4 132
Feb 118 139 1486 82 123
Mar 129 140 187 6 7 118
Apr 1538 836 148 102 122
May 144 114 140 127 1381
Jun g7 738 1086 61 8 4
Jul 67 6 17 108 39 70
Aug 90 85 748 Y] 78,
Sep 95 87 91 95 92
Oct 187 125 97 143 i2s
Nov 154 160 132 156 150
Dec 157 158 149 160 158

Average

Aunual 125 114 1238 99 115

~5% —




Table

7-5

Average Monthly Available Discharge

at Sempam Power Station Unit cfs

Month 1962 19463 1964 196656 Average
Jan 127 1086 112 72 104
Feb 91 109 11 4 63 95
Mar 102 110 1086 51 98
Apr 121 68 119 78 98
May 114 89 110 99 108
Jun 7 4 56 81 46 65
Jul 52 51 88 30 5 4
Aug 70 66 59 45 80
Sep 7 4 617 69 78 71
Oct 108 g7 76 114 99
Nov 1238 180 103 125 120
Dec 1286 128 119 130 123

Average

Annual 99 89 98 71 90

— 54 —
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7.3 BRHARUREHH
7.2 TREL AEAKBRE - CHAHBERCY R FEMLBAHNIRCRER D HE T 5L Table

7T -—6DEED LD,

Table 7-6

Installed Capacity and Firm Output

Power Statiion
Ttem Unit

Liang Sia Sempam
Intake Water Level feet 1440 | 1,440 1450
Tail Water Level ” 560 605 695
Gross lead ” 880 885 755‘
Effect ive Head
For Max Discharge #” 8230 770 700
{For Fim Discharge ” 869 829 748
Efficiency
{Generator & Turbine)
For Max Discharge % 86 81 81
For Firm Discharge ” 8 4 71 79
{Available Discharge
Max cfs 250 160 130
{Firm 4 110 47 36
Installed Capacity 4] 15000 8.500 6,500
Firm OQutput W 6800 2,600 1800

T4 BHRBOAH

Raub FHEOFER TS5 19 7 0 3RIC 310 5 Central Network OFBHEHT 00 MWIETH: T8
T D, LicdioT, Raub BFEIEFRHEARD 1720 LLTOY A4 b ULahvoT, EREFMOEEL1
BREFDCLLAMTEHE, T, ¥RAHORAMABKBCH T 5 HBFEAKEL . Liang 44%,
Sia 30%, Sempam 28% €, lBRBE+H4EZEEONREED 55,

Bt 2B AW ThEEAKROLC-BE ORI B LT L. AR KeFMcAATEsCESE
TEERLHEEEIND,

Lhl, BEREELEED Y 7 +rORKIML D<o, ZFRMBCLIZ T EFLO CER LI,
HRUMOn N LUEFC WL C, AMATELKBRT 5 ¥ Yy AKBEH L VR0 P Y KB THS,
b KK, AMONBRESAAFC, AELAER 15 3UARFI LD LA TE DS, BEH
KiEeie 0 B3I Ev, —F, 75 ¥ YAKIE ~a + ¥ KB { b, MNETRB RIS M, S48



e oiEETT 5,

15, HHAHToNT, K, BES, EFFofoBABRBEROE,»C, AEHE, REAIEROS
HNMERDBI, —F, BREOHEEN BRI LT 0T, EHREENREMTL, 2 —BROBEAE
wE I RO AL BNE TR O,

chbiR X 0EERF ICARTEIRET ROBEL R eR - 1.7 KTT,

Liang REAE, #oRAFHE7 7y v A2H5ReRAL L,

Sia ¥ USempam FEFH TR, 7 7V v A2 ERFIBFHTLE, 16BLrofdELscdan, £
FRAOMTC2HERBBHEFCHH L, I local load DYFLBELELET, 77 v v A2 BEIE

s EMEABL, thrBERL I,

756 RBR&E&ERVANE

SRETD 4 7 EHOAJREENELIHHTH L Fig-710~712 O abh kic s,

zhi £hif Raub BHEl, 3 REBOFERCORMMERERE NG Liang AEA98800,000h,
S1aREF 54300000/Wh, Sempam REM 38700000Wh CAHTLILB00000h TH5,
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Economical Diametersof Pressure Tunnels

Fig.-8. 1.
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Table 9.2 (1) Estimated Costs of Liang Project
{In thousands of $M}

Items Total Cost gz;:iegnr;y g:.ﬁiitz;

1. Civil Works 12, 880 5,900 6, 920
1.1 Access Roads & Bridges 985 985
1.2 Diversion Dam 1,127 484 643

on Liang River 731 313 418

on Hijau River 396 171 225
1.3 Intake & Desilting Basin 399 158 241

on Liang River 322 127 195

on Hijau River 17 31 46
1.4 Headrace Tunnel 5, 651 3,111 2,540
’ from Liang intake 4,572 2,511 2,061

from Hijau intake 1,079 600 479
1.5 Surge Tank 406 209 197
1.6 Penstock 648 311 337
1.7 Powerhouse 1, 140 520 620
1.8 Switchyard 55 22 33
1.9 Tailrace 151 79 T2
1.10 Operators! Quarters 125 20 105
1.11 Contingencies 2,133 986, 1,147
2, Hydraulic Equipment 1,250 1,060 190
2,1 Gates 162 138 24
2,2 Trash racks ) 36 30 6
2.3 Liner-plate 72 60 12
2.4 Penstock 880 748 132



Foreign

Domestic

Item Total Cost
Currency Currency

2.5 Butterfly Valve 40 34 6
2.6 Contingencies 60 50 10
3. Electrical Equipments 2,670 2,400 270
3.1 Turbines 661 548 113
3.2 Generators 803 710 93
3.3 Transformers 220 207 13
3.4 Accessories 862 817 45
3.5 Contingencies 124 118 6
4, Service Facilities 150 ﬁ 135
5. General Expenses 720 - 720
6. Investigations 8o 25 55
7. Engn.':e‘,eru.lg - demgn,' _ 1,200 780 420

specification, supervision —— —_ _
8. Interest during Construction 1,410 720 690
9. Grand Total 20, 300 10, 9200 9, 400

—g Q-




Table 9.2 (2}  Estimated Costs of Sia Project
) {In thousands of $M)

Items Total Cost gz::iity 23::‘:_:2;
1, Civil Works 6,920 m 3, 870
1.1 Access Roads & Bridges 572 - 572
1.2 Diversion Dam 875 372 503
1.3 Intake & Desilting Basin 196 77 119
1.4 Headrace Tunnel 2,142 1,186 956
1.5 Surge Tank 352 187 165
1.6 Penstock 570 275 295
1.7 Powerhouse 830 370 460
1.8 Switchyard T2 40 32
1.9 Tailrace 28 12 16
1.10 Operators' Quarters 125 20 105
1.11 Contingenies 1,158 511 647
2. Hydraulic Equipments 930 _'}2(_)- -}4_0
2.1 Gates 81 69 1z
2.2 Trash rack 54 45 9
2.3 Liner-plate 72 60 12
2.4 Penstock 640 544 96
2.5 Butterfly Valve 40 34 6
2,6 Contingencies 43 38 5
3. Electrical Equipments 2,140 1,920 _E_Q_.
3.1 Turbines 445 366 79
3.2 Generators 628 562 66
3.3 Transformers 145 133 12
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Ttems Total Cost Foreign Domestic

Currency Currency
3.4 Accessories 820 769 51
3.5 Contingencies 102 90 12
4. Service Facilities 90 10 80
5. General Expenses 430 - 430
6. Investigations 60 20 40
7. Engu‘leteru‘lg - demgn,. _ 650 420 230
specification, supervision -— — —_—
8. Interest during Construction 780 420 360
9. Grand Total 1z, 000 6, 630 5,370




Table 9.2 (3) Estimated Costs of Sempam Project
{In thousands of $M)

Items Total Gosts  LorelEn - Domestic
1. Civil Works T, 750 3,500 4,250
1.1 Access Roads & Bridges 604 - 604
1.2 Diversion.Dam 751 326 425
1.3 Intake & Desilting Basin 177 70 107
1.4 Headrace Tunnel 3,174 1,762 1,412
1.5 Surge Tank 178 93 85
1.6 Penstock 330 136 194
1.7 Powerhouse 880 400 480
1.8 Switchyard 110 48 62
1.9 Tailrace 129 64 65
1.10 Operators' Quarters 125 20 105
1,11 Contingencies 1,292 581 711
2, Hydraulic Equipments Eﬂ) ﬂ 90
2.1 Gates 81 . 69 12
2.2 Trashrack 36 30 6
2.3 Liner-plate T2 60 12
2.4 Penstock 320 272 48
2.5 Butterily Valve 40 34 6
2.6 Countingencies 31 25 6
3. Electrical Equipments 2,890 2, 600 290
3.1 Turbines 387 312 * 75
3.2 Generators . 533 483 50
3.3 Transformexrs 612 524 58
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Items + Total Costs Foreign Domestic

) Currency Currency
3.4 Accessories 1,218 1,120 98
3.5 Contingencies 140 131 9
4, Service Facilities 60 1o 50
5, General Expenses 450 - 450
4, Investigations 60 20 40
7. Engu:u?ern:lg - design,' . 600 390 210
specification, supervision — — _—
8. Interest during Construction G910 490 420
9. Grand Total 13,300 7,500 5, 80O




Table 9.3 Phased Expenditure of Raub Hydroelectric
Development Scheme

(In Millions of $M)

Year Quarter Foreign Currency Domestic Currency Total
For Curula - For Cumula-
Quarter tive Quarter tive Cumulative
1967 1 - - - - -
2 0.01 0.01 0.16 0.16 0,17
3 0.41 0.42 0.34 0.50 0.92
4 0.39 0.81 0.97 1.47 2,28
1968 1 - 0.81 0.93 2.40 3.21
2 - 0.81 0.93 3.33 4.14
3 3,62 4,43 1.71 5.04 9.47
4 3.65 8.08 1.73 6.77 14.85
1969 1 2,15 10.23 1,69 8.46 18.69
2 2,15 12,38 1.71 10,17 22.55
3 2.17 14,55 1.70 11,87 26.42
4 2.16 16.71 1,69 13.56 30.27
1970 1 2.55 19.26 2.21 15,77 35.03
2 2,54 21,80 2,19 17.96 39.76
3 2,11 23.91 1,88 19.84 43,75
4 1,12 25,03 0.73 20,57 45,60
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Table 9.4 Estimated Costs of Transmission Lines
{In thousands of $M)

Foreign Domestic

Items Total Costs
Currency Currency

1, Transmission Lines 900 585 315
1.1 Sia-Sempam P.S5. (66 KV) 455 310 145
1.2 Liang-Sempam P.S. (66 KV) 235 135 100
1.3 Sempam P.S, - Tras (132 KV) 150 100 50
1.4 Contingencies 60 40 20
2, Service Facilities 40 10 30
3. General Expenses 50 - 50
4. Investigations 60 20 40
5. Engu.fu?en?g - des1gn: . 300 200 100

specification, supervision — — —_—
6. Interest during Construction 100 55 45
7. Grand Total 1,450 870 580
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{a} Local #%#

Rmbﬁ@wﬁ%ﬁmmﬁﬂaﬁﬁr;Uﬁﬂﬁmovrﬁgvﬁfﬁ&tome 4 ( Raub
Fraseris Hill Kuala Lipis O&E+HHERA )} OREMAH 2 Table —1 0.1 LR T,
co%mmﬁb.mmﬁﬁﬁnx$¢%5%a?nﬁﬁmﬁﬁﬁﬂg&3x1u“m“%aaa

(b) HF&FH~OEESF
Rmmﬁ%ﬁﬁﬂﬁﬁﬁﬁ%agﬁﬁmbtb,*%%ﬁﬁ%iﬂhﬁﬂkﬁﬂ%%ﬁb.ﬂ—&é#l
rE- 8.5 oMl By 2o—REBI

6 Fi rmBRAMACESKNREFORE KRS LETHERD LH 2K (Secondary) BRH AR
R Be CAHEKOEFRNBANG A TLURRASL 2 2ERTS 2o

Segambut EMEADCHAELN = xEFHS $ & T ARANTHRAFTFHE 5.9 x 10 6 xw n

(F:m11&8x106.SmmmhryﬁSﬂxlOs) CH Do



N - Unit: MWh

Yoac Lacal To Gentral Netwox:k Year Local To Central Network
Firm Secondary Firm Secondary

1971 8, 100 80, 200 143, 500 2001 91, 800 . 100, 000
1912 8, 800 78, 800 104, 300 2002 98, 800 93, 000
1973 9,500 77,300 105, 000 2003 106, 80O 85, 000
1974 10, 300 75, 800 105, 800 2004 106, 800 76, 000
1975 10, 800 74, 100 106, 600 2005 124, 800 67,000
1976 12,100 72,300 107, 500 2006 133, 800 58, 000
1977 13, 100 70, 300 168, 400 2007 141, 800 50, 000
1978 14, 300 68,200 109, 400 2008 149, 800 42, 000
1979 15, 400 65, 900 1140, 500 2009 156, 8OO 35, 000
980 16, 8GO 63, 500 ili, 600 201G 163, 800 Z8, 000
1981 18,200 60, 800 112, 800 2011 169, 800 22,000
1982 19, 700 58, 000 114, 108G 2412 174, 8OO 17, 066
1983 21, 300 55,000 115, 500 2013 178, 800 13, 000
1984 23,200 52, 100 117,000 2014 182, 600 9, 000
1985 25,200 483, 100 : 118, 500 2015 185,200 6, 600
1986 27,300 44,300 120, 200 2016 187, 800 4, 000
1987 29, 600 40, 200 122, 000 2017 189, 100 2, 700
1988 32,100 35, 800 123, 900 2018 189, 800 2,000
1989 34, 800 31, 100 125, 900 2019 190, 300 1, 500
1990 37, 800 26,000 128, 000 2020 190, 700 1, 108
1991 41, 000 20,500 130, 300 2021 191, 100 T00
1992 44, 500 14, 600 132, 700 2022 191, 800
1993 48, 300 8, 200 135, 300 . .
1994 A 52,400 1,400 138,100 . N
1995 56,900 135, 100 . .
1996 61, 700 130, 300 For 8 years 191, 800 x 8
1997 66, 600 125, 200 N .
1998 72,200 ilg, 600
1999 78, 200 113, 600 . .
2000 84, 700 107, 100 2030

Annual Average 100, 600 20, 400 20, 800

Note: The entrire output of the Raub Scheme will be consumed locally
after start of operation.
It is assumed that local demand will grow gradually after start of operation, and up to and including 1994,
the firm output will be supplied to meet local demand and the balance, on a dimimshing scale annually,
transmitted to the Central Network. All secondary output will be transmitted to the Central Network.
In and after 1995, all firm output of the Raub Scheme is assumed to be consumed locally and that additional

firm energy will be received from the Central Network. Therefore, the Raub Scheme will be able to supply
secondary output only to the Central Network,

and in the Central Network immediately
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1021 SRR

FOECHENLLIC, RERE , AEREHOTNRETAEN, 456000003M, 1450000$M
T H bo

72 ( Tras ) 6 SegamkutZERF T CORMBITNRIT, 3960000 $M:RBonz, 205
% Bentong & SegambutZMATENE , Bentong HALARASA L2 G , Raub HEEHOKTT = & -
tL, Raub HEORBIHEIX 3086000 $MEa,

Lic# o T, Segambut REN 2 CORTM + 310 R4 O TH 4412 50,086.00075M <52,
GHEBRITHE L v OMBEL L RER, Table —1020&2 b

Table 10.2 Construction Cost of Raub Hydroelectric
Development Scheme (Including Transmission
Lines to Segambut Sub-station)

Unit: 103$M

Year Total Foreign Domestic
Currency Currency
Civil Works 60 20,300 11, 349 8,951
Hydraulic Equipment 40 12, 000 6,919 5,081
Electric Equipment
(including transmission 35 17, 786 10,378 7,408
lines}
Total 50,086 28, 646 21,440

Note: Overhead cost prorated in each item.
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KEtEc L, FREER 2RONIT Table 10.3 0m< % 4,

Table 10,3 Annual Cost of Liang, Sia and Sempam
Power Stations

Unit: 103$M

Investment fsp fex % Annual
at 60
cast %o cost
years
1} Replacement of Hydraulic
Equipments at 40 yrs,
Foreign Currency (i = 5. 75%) 6,919 10,69 5.96 44
Domestic Currency (i = 6.00%) 5, 081 9,72 6,19 31
Sub-total 12, 000 75
2) Replacement of Electrical
Equipments at 35 yrs.
Foreign Currency {i = 5. 75%) 10,378 14,14 5.96 87
Domestic Currency (i = 6.00%) 7,408 13.01 6.19 60
Sub-total 17, 7186 147
3) Amortization of Initial
Investment
Foreign Currency (i = 5. 75%) 28, 646 - 5.96 1,707
Domestic Currency {i = 6.00%) 21, 440 - 6.19 1,327
Sub-total 50, 086 3,034
4) Maintenance & QOperation
Salaries and Wages 200
Maintenance of Machines {29, 786 x 0. %) 209
and Equipments
Maintenance of Structures (20, 300 x 0. 5%) 102
Sub-total 511
5) Administration Expense (50, 086 x 0,25%) 125
6} Total Annual Cost 3,892

Note: (1) & (2): Present worth of replacement cost of equipment uniformly
distributed over 60 years.

(3}: Initial investment uniformly distributed over 60 years.
fsp: Single payment present worth factor
fer: Capital recovery factor

iz Annual interest

—100—



10.2.2 BA=TAP

- T Rauh RAKNEEHOFEMAENR1I84000000K w h tPHAEIFHEIL02000 SMTEBEE
AFMEOHDE ==+ 211 " Awh 2185h3,

10.3 KRER&LOHE
Raub KAREH O local FHAFSKHToHABBLL . WAEHEP O Port Dickson KABREH»
5 . Raub R ~XBELTEMAL 22 0HE s loca! ORBEABAC L LERALS - F— ¥ 2rREY
s HEEE LN b,
cnbo oOREROFAMENaR b, KNIRETOHAERS s EFRKC 3BT L RO E®
b,
B '%anat

BRI RERTR b it
Port Dickson RAREH»oXET 2HE 8.9 3.0 6.7

FHERCF - rBE LT 9546 6.8 - 63.

Zo3P4 . Port Dickson KHFWPIH B Central Network ~#8&EIh 3B\ HiC { 5~<CRaub .
BE~EL IR BRI EH T I B , Port Dickson ~ Segambut MEEROBRAR T 7 —
£F, Lt tR2ERaX RET LTV, TORE, GAROs 2 KR ARENFHL it
F—Er BRI IPGOHBARCRBNTL L e xERO0Y 4 F—¥rRBR L 2BELRERL
LTREL

10.4 Raub HEOEFER

Local BAAES>VWTRHROF— o RBEMORBRMELL- TERFEL T2, HAH500 Kwo
F—ErFERELYFEDOMMEHEL TRBT 2, PRFEHWEOGH S Firm Power HE2vCit60 K
w X2 unit ©Port Dickson O KXAREHLMEL , CoRREGHr o EERBLEN D, T, X
SO SRR ANAEHTOEAR IS LKTR T30 TS 550 Connaught Bridge KNRE
FoRMEMRoT kA 2il- THEENT LT 5,

Raub ifHO#AMhoENBEROLEF I TH 2,

Local % 7.0 Kwh F—EArREEFIIHLA
(F£—10428H)
R FEES (firm power) 3.6°'S Rk Segambut TEKFADEL

(H£—10.58R8)
e Bk ( Secondary ) g, 8% S Kwh .

(£—-106&88)

local HRAKSCTRTEMLAOTE 71 —F—3HLOT , PRRHE~OETBHC DT Segambut
WMETE A AA D T+ 5,

Table —1 0.7 HEBFOFAHLNELLEEACL VEFLLSOT, CAZ 1971 FHECHEEK
BTL &b O ORI & SRPRBTY L . GRG0 FHOTREIALBERERTIOCSH 2,
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#—104 MRBF—ErRBEHL unit| 500Kw) FER

(B f+M)
EERTEB b3 il 1# =
&R AT 23280 BAB4650 $M/Kw HH1S &£
B M K 26380 FURE 8 0 BB #2) 31 2000BTI4h
A B 25000
#® o o®’ 4580 B’ % & o x 29
Hmm . rofl 6420
—HEER 8600
& at 890160

FiRez2g 2 5% +Thid, BHA=A2 70 ctevKwh &7 3,

#£—105 RKRBAIFEFM(60M x 25 ) OFEER

& HEM fii %
& A B 6,477 REHT02,5 M /Kw HE254E
BH & 7821 FIAHE 50 %RERIE 11,0 0 0BTUKwh
) Cost of fuel 150cts/galion
R 11 2607
AR 750
B % 1688 BB Ot ox 2%
* Ofth 169
— B 2 5 403t 260 )
# 16965 8.2cts/Kwh

FRe 2R % Llexmd B rThid, @EMNEL6 ctsKeh &3

#—10.6 Oonnaught Bridge KASHIHFORMBRMED 0T 2
& B 10 $M 1 #

BB B 4208 AW 40x10P M P12 548
W ERHE R AL 178 FI R 80 % Ra%iER 15000 BTUAGh

35158 160 TEEkon %

* oft 18
—RRERE S 18

at 43909 2.1 cts/Kwh

Frge =6 %, XMe 2K FLTntd, TRNMIE 2.8 c1 s Keh L,
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Appendix — 1 Hydrological Data

Ap. 1-1 Precipitation
a.- Prasers Hill (Station No. 75)

b. Bentong Hospital (Station No. 63)

Ap. 1-2 Water Level and Discharge
a- Sia Gauging Station
b. Liang Gauging Station
¢. Sempam Gauging Station

d. Perting Gauging Stat ion

Ap. 1-3 Temperature and Relative Humedily
a. Temperature

b- Relative Humedity
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Appendix -2 HEERHEOIHE
SRBEHOELEENE T2 L T Segambut TBAT~, 27 local load KL RET s HDRHEBKE
LTLD S2mnm — + K2 THREEEL A,

4T E H & O

A% Sia P.S.~Sempam P.S. 86KV 21 mle 580 ACSR
Liang P.8- ~ Sempam P*. 8. 66 5.5 5880 &
Sempam P.-3. ~Tras 132 4 16080 =

B#® Sia P.S5.~Sempam P.S. 66 175 58HACSR
Liang P.S. ~Sempam P.S8. 66 5.5 g0
Sempam P.S. ~Tras 132 4 1600 ~

C%® Sia P.S.~ Sempam P.S8. 132 11 16 0ACSR
Liang P.S.~ Sempam P.S- 132 5.5 18080 =~
Sempam P.S. ~Tras 132 4 160° ~

AR: coBEd SempamBHEM A LL, b S1a HBEME L Liang HFEFA~TLEFN1E
BEoMe — F THIK 6 6 KV ThY, SempamBEM 13245y musE®4+ZEBL, 182KV
CHRELTIEBEETER CTras 2T Segambut HEH~BRE+ 5,

Sia ~ Sempam B — i, Bu- vy v Sathlir 20 C, BHBGCRAL, Lo T, BHM
&, ATChENESTHD, FHPL L THEELRMAL &, Liang ~ Sempam MEXER L F <, &F
MR 6REL ~ AL LNV DT, BBRCR-P+v It T2 5,

ZOEMOXHPEREIRBNTD S,

BE:— H£#dS:1a B 6 SempamBREA~06 6 KV 1EHERATEHz AR L, RPcLiang A
Fiar BRI EHMRTDS, SempamBEH CARLEL L 132/66KV BBEEEM 2 RET 5,

S1a ~ Sempam B o4 — + AR FCHAT HBERC-THS, DL ARLERKEEEMN TS,
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Si1a BERANEETS LI RAV 5,
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Dr—trELESECE 9, BERT11Mile H<{L#, Liang ~ Sempam MR A, BR2E—1n -t 3
=

TORCIE, 18276 6KV MARIER ¢ BT p Bl i,

A, B, CRO5IMBM AREFHRrTHLEBRY, EXENr I CENREE R -2 10T, £ER,
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ITOMBEDOMr LA B, HRITD 5,
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Table 2.1 Comparison of Transmission Routes

Alternatives
(1) Annual energy loss (MWh)
(2) Construction costs ($M)
Transmission line
Feeders

Connecting transformer

Total
{3} Annual costs {$M)
{4) Value of energy loss ($M)

(5) Total (3) + (4) ($M)

A B C
4, 000 4,740 2,530
1,203,700 1,110,000 1,352,000
1,124,000 1,197,000 1,783,000
333, 000 333, 000 -

2,660,700 2, 640,000 3,135,000
31,900 31, 700 37, 600
18,000 21,300 11,400
49, 900 53,000 49, 000
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Append ix — 8

Break Down of Est imated Construction Costs



a) Estimated Construction Cost of Liang Scheme

Unit: $M

Item Unit Quantity Unit price Amount

1. Civil Works 12, 820, 000

1.1 Access Road & Bridge 985, 000

(1) New road, paved ft 3,200 35 112, 000

(2) Improved road, paved ft 32, 800 15 492, 000

(3} Improved road, ft 38, 100 10 381,000

unpaved

1.2.1 Diversion Dam in Liang 731, 000

(1) Excavation cu.yd. 27,500 5.5 151, 250

{2) Concrete cu. yd. 6,900 46 317,400

(3) th:rnlshx.ng and placing " 20 450 9, 000
reinforcing steel

(4) Others Lump sum 253,350

1.2.2 Diversion Dam in Hijau 396, 000

(1) Excavation cu. yd. 9, 560 5.5 52,580

{2) Concrete cu. yd. 5, 190 54 280,260
sons 1

(3)  Furnishing and placing 10 450 4, 500
reinforcing steel

(4} Others Lump sum 58, 660

1.3.1 _Intalfe & Desilting Basin 322, 000

in Liang —_

(1) Excavation cu.yd. 10,180 5.5 55,990

(Z) Concrete cu.yd, 2,340 77 180, 180

{3} Masonry with mortar sq.yd. 240 25 6,000

{4) Fu‘rnishi_ng and placing ¢ 130 450 58, 500
reinforcing steel

(5) Others Lump sum 21,330
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Unit

Item Unit Quantity N Amount
price
1.3.2 ‘Intal_cc.e & Desilting Basin 77, 600
in Hijau

(1) Excavation cu, yd. 2,920 5.5 16, 060

{2) Concrete cu. yd. 520 77 40, 040

(3) Masonry with mortar sq.yd. 120 25 3, 000

(4) Fu.rnislu_ng and placing ¢ 30 450 13, 500
reinforcing steel

(5) Others Lump sum 4,400

1.4.1 Headrace Tunnel in Liang 4,572,000

(1} Excavation for tunnel cu.yd, 48,520 62 3,008, 240

{2) Concrete in tunnel lining cu. yd. 1, 830 107 195, 810

(3) Concrete in tunnel invert cu.yd, 4,520 62 280, 240

(4} Guniting sq.yd. 39, 060 17 664, 026

(5) Furnishing and placing ¢ 260 1,000 260, 000

steel support

{6) Fu‘rmshi_ng and placing & 120 450 54, 000
reinforcing steel

{7 Others Lump sum 109, 690

1.4.2 Headrace Tumnel in Hijau 1,079,000

(1) Excavation for tunnel cu. yd. 9, 810 62 608,220

{2} Concrete in tunnel lining cu. yd. 1,050 107 112,350

(3) Concrete in tunnel invert cu.yd. 900 62 55, 800

{4) Guniting 5q.yd. 6,470 17 109, 990

(5} Furnishing and placing + 140 1,000 140, 000

steel support

{6) Fu:rnlshl.ng and placing ¢ 50 450 22, 500
reinforcing steel

(7) Cthers Lump sum 30, 140
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Unit

Item Unit Quantity price Amount

1.5 Surge Tank 406, 000
(1) Open excavation cu. yd. 260 7 1, 820
(2) Excavation, for vertical cu. yd. 1,620 85 137, 700

shaft

(3) Excavation, for tunnel cu. yd. 1,280 62 79, 360
(4) Concrete, in shaft lining cu.yd. 790 107 84, 530
(5) Concrete, in tunnel lining cu.yd. 220 107 23,540
(6) Furnishing and placing ¢ 20 1,000 20, 000

steel support

{7} Furnishing and placing

. ) t 60 450 27,000
reinforcing steel
(8) Others Lumnp sum 32, 250
1.6 Penstock 648, 000
(1) Excavation cu,yd. 25,200 7 176, 400
(2) Excavation, for tunnel cu.yd, 1,940 62 120, 280
G) Concrete, for tunnel cu.yd, 650 107 69, 550
lining
(4) Concrete cu. yd. 2,010 77 154, 770
(5) Furnishing and placing ¢ 20 1,000 20, 000
steel support
(6} Fu‘rmsm‘ng and placing & 70 450 31, 500
reinforcing steel
(N Others Lump sum 75, 500
1.7 Powerhouse Sub-structure 1,140, OOU_
(1) Slope cutting cu. yd. 2,580 5.5 14,190
(2) Foundation excavation cu. yd. 4, 860 25 121, 500
(3} Concrete cu.yd. 1,990 77 153,230
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Unit

—187—

Item Unit Quantity . Amount
price
(4) Ft{rnishI-ng and placing ¢ 90 450 40, 500
reinforcing steel
{5) Others Lump sum 65,580
Sub total 395, 000
Super-structure Lump sum 145, 000
1.8 Switchyard 55, 000
(1) Excavation cu. yd. 500 5.5 2,750
() Concrete cu, yd, 520 77 40, 040
(3 Fu'rmshtlng and placing ¢ 20 450 9,000
reinforcing steel
(4) Others Lump sum 3,210
1.9 Tailrace Tunnel 151, 000
(1) Open excavation cu. yd. 500 5.5 2,750
(2) Excavation, for tunnel cu. yd, 940 62 58,280
(3)  Concrete, in tunnel cu.yd, 260 107 27,820
lining
(4) goncrete, in tunnel cu. yd. 80 62 4,960
invert
(5) Other concrete works cu.yd. 220 77 16, 940
(6) Furnishing and placing ¢ 20 1, 000 20, 000
steel support
(7) Fu.rmshx.ng and placing ¢ 30 450 13, 500
reinforcing steel
{8) Others Lump sum 6, 750
1.10 Operaters' Quarters Lump sum 125,000
1.11  Contingencies Lump sum 2,133, 000
2, Hydraulic Equipments 1,250, 000
2.1 Gates Lump sum 162, 000



Item Unit Quantity Unit price Amount

2,2 Trashracks Lump sum 36,000
2.3 Liner-plate Lump sum 72, 000
2.4 Penstock Lump sum 880, 000
2.5 Butterfly Valve Lump sum 40, 000
2.6 Contingencies Lump surmn 60, 000
3. Electrical Equipments 2, 670, 000
3.1 Turbines Lump sum 661, 000
3.2 Generators Lump sum 803, 000
3.3 Transformers Lump sum 220, 000
3.4 Accessories Lump sum 862, 000
3.5 Contingencies Lump sum 124, 000
4, Service Facilities Lump sum 150, 000
5. General Expenses Lump sum 720, 000
6. Investigations Lump sum 80, 000
7. Engineering - design, Lump sum 1,200, 000

specification and supervision

8. Interest during Construction Lump sum 1,410, 000

9. Grand Total Lump sum 20, 300, 000

—-138~



b) Estimated Construction Cost of Sia Scheme

Unit: $M

item Unit Quantity ;J:;ite Amount

1. Civil Works 6, 920, 000
1.1 Access Roads & Bridges 572, 000
{1) New road, paved ft 1, 700 35 59, 500
(2) Improved road, paved ft 20, 000 15 300, 000
(3) New road, unpaved it 8, 500 25 212, 500
1.2 Diversion Dam 875, 000
(1) Excavation cu.yd. 17, 820 5.5 98,010
(2) Excavation, for tunnel cu, yd. 260 62 16, 120
(3) Concrete cu.yd. 13, 830 46 636, 180
(4) Furnishi'ng and placing ¢ 20 450 9. 000

remforcing steel .

{5) Others Lump sum 115, 690
1.3 Intake & Desilting Basin 196, 000
'(1) Excavation cu,yd. 6,360 5.5 34,980
(2} Concrete cu.yd. 1, 300 77 100, 100
(3) Masonry with mortar sq.yd. 240 25 6, 000
() Fumiching nd placing 0 a0 s
(5) COthers Lump sum 14, 420
1.4 ‘Headrace Tunnel 2,142,000
(1) Excavation, for tunnel cu.yd. 20, 650 62 1,280, 300
{2) Concrete, in tunnel lining cu.yd. 1,310 107 140,170
(3) Concrete, in tummel invert cu. yd, 2,070 62 128, 340
(4) Guniting sq.yd. 16,120 17 274, 040
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Unit

Item Unit Quantity - Amount
price
({5) Furnishing and placing ¢ 220 1,000 220, 000
steel support
{6) Fu.rnlshl.ng and placing ¢ 70 450 31,500
reinforcing steel
(7N Others Lump sum 67, 650
1.5 Surge Tank 352, 000
(1) Open excavation cu.yd. 390 7 2,730
{2) Excavation, for vertical cu. yd. 900 85 76, 500
shaft
{3) Excavation, for access cu.yd. 2,140 62 132, 680
tunnel
{4) Concrete, in shaft lining cu.yd. 310 107 33,170
{5) Concrete, in tunnel lining cu.yd. 390 i07 41, 730
{6) Furnishing and placing ¢ 30 1, 000 30, 000
steel support
{7) Fu_rmshl_ng and placing ¢ 50 450 22, 500
reinforcing steetl
(8) Others Lump sum 12, 690
1.6 Penstock 570, 000
{1) Excavation cu.yd. 9,260 7 64, 820
(2) Excavation, for tunnel cu.yd. 2,320 62 143, 840
{3) Concrete, in funnel lining cu, yd. 790 107 84, 530
(4) Concrete cu.yd. 2,400 17 184, 800
{5) Furnishing and placing ¢ 90 450 40, 500
steel support
(6) Fu.rm.shl_ng and placing : 30 1,000 30, 000
reinforcing steel
(7 Others Lump sum 21,510
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Unit

Item Unit Quantity price Amount
1.7 Powerhouse Sub-structure 830, 000
(1) Slope cutting cu, yd, 8,980 5.5 49, 390
(2) Foundaticn excavation cu.yd, 3, 000 25 75, 000
(3) Concrete cu. yd. 1,900 77 146, 300
(4) Fu-rmshl‘ng and placing ¢ 56 450 25, 200
reinforecing steel
(5) Others Lump sum 59,110
Sub-total 355, 000
Super -structure Lump sum 475,000
1.8 Switchyard 72, 000
{1) Excavation cu, yd. 3,180 5.5 17,490
(2) Concrete cu. yd. 600 77 46, 200
(3} Fu.rn1sh1_ng and placing ¢ 15 450 6, 750
reinforcing steel
(4) Others Lump sum 1,560
1.9 Tailrace 28, 000
(1) Excavation cu.yd. 2,160 5.5 11, 880
(2) Concrete cu. yd. 100 77 7, 700
(3} Fu‘rnishl.ng and placing ¢ 1c 450 4, 500
reinforcing steel
(4) Others Lump sum 3,920
1.10 Operators' Quarters Lump sum 125, 000
1,11 Contingencies Lump sum 1, 158, 000
2. Hydraulic Eqmpments 930, 000
2.1 Gates Lump sum 81, 000
2.2 Trashrack Lump sum 54, 000
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Unit

Item Unit Quantity . Amount
price
2.3 Liner -plate Lump sum 72,000
2.4 Penstock Lump sum 640, 000
2.5 Butterfly Valve Lump sum 40, 000
2.6 Contingencies Lump sum 43,000
3. Electrical Equipments 2,140, 000
3.1 Turbines Lump sum 445, 000
3.2 Generators Lump sum 628, 000
3.3 Transformers Lump sum 145, 000
3.4 Accessories Lump sum 820, 000
3.5 Contingencies Lump sum 102, 000
4. Service Facilities Lump sum 90, 000
5. General Expenses Lump sum 430, 000
6. Investigations Lump sum &0, 000
7. Engineering - design, Lump sum 650, 000
specification and supervision

8, Interest during Construction Lump sum 780,000
9. Grand Total

12,000, 000
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c) Estimated Construction Cost of Sempam Scheme

Unit: $M
Item Unit Quantity Un_lt Amdunt
price
1. Civil Works 7, 750, 000
1.1 Access Roads & Bridges 604, 000
(1) New road, paved it 3,200 35 112, 000
(2) Improved road, paved ft 18, 000 15 270,000
(3) Improved road, unpaved ft 22,200 10 222,000
1.2 Diversion Dam 751, 000
(1) Excavation cu. yd. 9,160 5.5 50,380
{(2) Excavation for tunnel cu. yd. 390 62 24,180
(3) Concrete cu, yd. 9, 39¢ 46 431, 940
(4) Concrete for retaining cu.yd. 520 77 40, 040
wall
{5) Fu.rmsh{ng and placing t 20 450 9, 000
reinforcing steel
(6) Others Lump sum 195, 440
1.3 Intake & desilting Basin 177, 000
(1) Excavation cu. yd. 5,720 5.5 31,460
(2) Concrete cu.yd. 1,230 17 94, 710
(3} Masonry with mortar sq.yd. 240 25 6, 000
(4) Fu.rmsh1.ng and placing t 70 450 31, 500
reinforcing steel
(5) Others Lump sum 13,330
1.4 Headrace Tunnel 3,174, 000
(1) Excavation for tunnel cu.yd. 29,290 62 1, 815, 980
{2) Concrete in tunnel lining cu.yd. 2,420 107 258, 940
(3) Concrete in tunnel invert cu.yd. 2,840 62 176,080
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Unit

Item Unit Quantity  price Amount
(4) Guniting sq.yd., 21,180 7 360,060
(5) Furnishing and placing ¢ 380 1, 000 380, 000
steel support
{6) Fu‘rnishi_ng and placing ¢ 130 450 58, 500
reinforcing steel
(7} Others Lump sum 124, 440
1.5 Surge Tank 178, 000
(1) Open excavation cu. yd. 390 7 2,730
(2) Excavation for vertical cu. yd. 840 85 71, 400
shaft
(3) Exeavation for tunnel cu, yd, 490 62 30, 380
(4) Concrete in shaft lining cu, yd. 330 107 35,310
(5) Concrete in tunnel lining cu.yd. 80 107 8, 560
(6) Furnishing and placing ¢ 10 1, 000 10, 000
steel support
(7) Fu-rmsh1.ng and placing ¢ 20 450 9, 000
reinforcing steel
(8) Others Lump sum 10, 620
1.6 Penstock 330, 000
(1) Excavation cu.yd. 6, 430 7 45,010
(2) Excavation for tunnel cu.yd. 520 60 32,240
(3) Concrete in tunnel lining cu.yd. 200 107 21,400
{4) Concrete cu.yd. 1, 620 77 124, 740
(5) Furnishing and ptacing ¢ 20 1, 000 20, 000
steel support
(6) Furnishing and placing
reinforcing steel t 50 450 22,500
(7) QOthers Lump sum 64,110
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Unit

Item Unit Quantity price Amount
1.7 Powerhouse Sub-structure 880, 000
{1) Slope cutting cu.yd. 8, 080 5.5 44,440
{2) Foundation excavation cu.yd. 3, 660 25 91, 500
{(3) Concrete cu.yd. 2,420 77 186, 340
(4} Furnishing and placing | 51 450 22,950
reinforcing steel
{5) Others Lump sum - 69, 770
Sub-total 415, 000
Super-structure Lump sum - 465, 000
1.8 Switchyard 110, 000
(1) Excavation cu. yd. 5, 080 5.5 27, 940
(2) Concrete cu. yd. 990 77 76,230
@) Fumidhing s lecing SR < 500
(4) Others Lump sum 1,330
1.9 Tailrace Tunnel 129, 000
(1) Excavation cu. yd. 2,160 5.5 11, 880
{2) Excavation for tunnel cu.yd. 550 62 34, 100
{3) Concrete in tunnel lining cu.yd. 210 107 22,470
{4) Concrete in tunnel invert cu.yd. 60 62 3,720
{5) Concrete cu.yd. 220 77 16, 940
{6) Furnishing and placing ¢ 20 1,000 20, 000
steel support
(7) Fu.rnishi-ng and placing & 30 450 13, 500
reinforcing steel
{8) Others Lump sum - 6, 390
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Unit

Item Unit Quantity . Amount
price
1.10 Operators' Quarters Lump sum 125, 000
1.11 Contingencies Lump sum 1,292,000
2, Hydraulic Equipments 580, 000
2.1 Gates Lump sum 81,000
2.2 Trashracks Lump sum 36, 000
2.3 Liner -plate Lump sum 72, 000
2.4 Penstock Lump swm 320, 000
2.5 Butterfly Valve Lump sum 40, 0600
2.6 Contingencies Lump swm 31,000
3. Electrical Equipments Lump sum 2, 890, 000
3.1 Turbines Lump sum 387,000
3.2 Generators Lump sum 533, 000
3.3 Transformers Lump sum 612, 000
3.4 Accessories Lump sum 1,218, 000
3.5 Contingencies Lump sum 140, 000
4, Service Facilities Lump sum 60, 000
5. (General Expenses Lump sum 450, 000
6. Investigations Lump sum 60, 000
7. Engineering- design,
specifications and supervision Lump sum 600. 000
8. Interest during Construction Lump sum 910, 000
9, Grand Total 13, 300, 00O
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Appendix-4 NEB{f Raub Hydro— Electric Developmont on Economie Assessment
X o FEFTR

1966 4 4 A2 0HONEBo F#K L nif, Raub H BOBRNTMAI , LEGERCRLTS S,
FOoO#ERER -4 1CHRT,

R E T 5 AZFREBHOcost 1,

Liang .21 cts/unito
Sia 1.41 "
Sempam 226 "
rEELT 1,48 "

Ch2, chAx , BB8RV~13 2K VERBTEARICRELLBSORB =28 MKTEL,

Raub Il @o® A== bk, 1.7 8 cts/unit &% D,

Table 4.1 Raub Hydro-Electric Development Scheme
Economic Justification (In Thousands of $M)

Generated End

Liang Sia Sempam Total
Capital Costs 20, 300 12, 000 13,300 45, 600
Value of Firm Power
at 610 $M per KW 4, 148 1,586 1,098 -
Residual Valve 16, 152 10,414 12,202 38, 768
Interest & Depre-
2 .
ciation 6. 14% 99 639 749 2,380
Maintenance & Ope- 203 120 133 456
ration, including
Administration
Total Annual Costs 1,195 759 882 2, 836
Units Generated (Gwh) 99 54 39 192
Costs per Units (cts) 1.21 1.41 2.26 1.48
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Received End

Transmission
Capital Costs 4,486
Interest & Depreciation 6,5% 292
Maintenance & Operation, including 52
Administration
Total Annual Costs 344
Annual Costs
Generation 2,836
Transmission 344
Total 3,180
Anmual Received (Gwh) 184
Costs per Units (cts) 1,73
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Appendix — b Test Pit and Adit Logs



LIANG HYDROELECTRIC PROJECT

TEST-PIT LOG

Test-Pit No. Pj-1 Size 3' -0" in diameter Co-ordinates W 4035
Feature 575
Location INTAKE DAM, Right Bank Ground Level 1451'-5"
Depth below Reduced e
Ground Level Legend Level Description of Strata and Remarks
0 07~ ~-[1451'-5" | Top soil
O =ae
1' .4n __.00 Gravel and sand, river deposits,
. composed of Granite, Quartzite,
] O ‘7 ] Chert and Slate boulders under
4t g 5 5.7 ~t1aa71gn | size 2" ¢. {Boundary plane of
- (\_’_/F_ unconformity)
— +‘ R
5 - gn 3+ |1445'-8" | Granite soil, brownish yellow, de-
Jr= il generated from Granite boulder.
7 —gn T -hiaaz_gn
—....‘.'._‘- _-]-' \\
107 . i Pit stopped by Granite boulder.
Commenced 11/5/66 | Logged Y.N. | Scale 1" to 5' -0" E.P.D.C.
Gompleted 11/5/66 Sraced Sheet No. 1 of 10 TOKYO
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LIANG HYDROELECTRIC PROJECT

TEST-PIT LOG

Test-Pit No. P -1! Size 3'-0" in diameter Co-ordinates W 4035
Feature N 575
Location INTAKE DAM, Right Bank Gound Level 1451'-5"
Depth below Reduced i
Ground Level Legend Level Description of Strata and Remarks
e s — = — ]
0 0 45 ~4 1451'-5" | Top soil
[ 1 B e p t_gn
2 -0 . 0--,-_‘;‘_ 1449'-5 Gravel and sand, river deposits,
o R composed of Granite and Slate
: 0 o boulders under size 1" ¢
.0 ..
4' .51 5T T }1447'-0"
_ '—’ ——- Sand, brownish yellow, river
s deposit, contained Granite soil
- __,pf . degenerated from boulders,
8'-6" JF _-_,; 1442'-11" | Granite soil, reddish brown with
10 — .0 white spotted, consisted of quart=z
pa— _- :f"‘ - -
- and kaolin.
11151 JET 1ag0t 00
3 Pit stopped by Granite boulder,
15
" 1_gn
Commenced 14/5/66 ;:oggeg Y.N. Scale 1" to 5!-0 E.P.D.C.
Completed 15/5/66 e Sheet No.2 of 10 TOKYO
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LIANG HYDROELECTRIC PROJECT

TEST-PIT LOG

Test-Pit No. PI-Z Size 3'-0" in diameter Co-ordinates W 4034
Feature N 575
Location INTAKE DAM, Right Bank Ground Level 1468'-10"
gigiige;z:rvel Legend R?}:::f Description of Strata and Remarks
- 1 t_10M
ot - g" 0 Pl QP — ligg,_lg,, Top soil with Humus, dark.
E o~ ~ Soil, reddish yellow, river deposits.
3] 5|I : .‘ ."".' -
_—Mﬁ 1465'-5"
5 Pit stopped by Granite boulder.
Commenced 11/5/66 Logged Y.N. Scale 1" to 5' - 0" E.P,.D.C.
Traced
Completed 11/5/66 Date Sheet No. 3 of 10 TOKYO
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LIANG HYDROELECTRIC PROJECT

Test-FPit No. Pl =21
Feature

TEST-PIT LOG

Size 3' - 0" in diameter Co-~ordinates W 4034

Location INTAKE DAM, Right Bank

N 575
Ground Level 1468'-10"

g:gﬁ:i;ﬁel Legend R;‘c‘l:;id Description of Strata and Remarks
0 0 1448'-10n Top soil, with Humus, dark.
[ it - t_ 2u
0°- 8 ] 1468'- 2 Soil, reddish brown, river deposits,
1_on < 1_jpM
2i-0 . 1466-10 Pit stopped by Granite boulder.
5 —

-

Commenced 12/5/66

Completed 12/5/66

Date

Logged Y.N,
Traced

Scale 1" to 5' - QN
E.P.D.C.
Sheet No.4 of 10 TOKYO

—154—



LIANG HYDROELECTRIC PROJECT

TEST-PIT LOG

Test-Pit No. P;-2" Size 3' - 0V in diameter Co-ordinates W 4034
Feature N 575
Location INTAKE DAM, Right Bank Ground Level 1468'-10"
N
De£)th below Reduced L.
Ground Level Legend Level Description of Strata and Remarks
0 o . 1468'-1Q" .
o' - 8N . Ai—-p' 1468'~ 21 Top so1l with Hurus, dark.
J—~."
-4 - Soil, yellow, river deposit.
e B
t _ BN - B . t_oit
3 3 5 3o -g° 1465¢-5 Gravel and soil, river deposits,
3: 0 consisted of Granite, Quartzite
3.7 - and Slate boulders, and of guartz
.. 0. and kaolin degenerated from Granite
:9 - {7-' . boulders.
10 — U
3 9.
. -a°
37 "o
3. g .
15 3° .9
14'-10m TN 1454'-0" Pit stopped by Granite boulder.
i L
20 —
tt 1_gn
Commenced 12 /5/66 goggeg Y.N. Scale 1" to 5'-0 E.P.D.C.
Completed 13/5/66 D:ife Sheet No.5 of 10 TOKYO
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LIANG HYDROELECTRIC PROJEGT

TEST-PIT LOG

Test-Pit No.P1—3 Size 3'- 0" in diameter Co-c;rdinates W 4035
Feature N 577
Location INTAKE DAM, Left Bank Ground Level 1467
t
Depth below Reduced .
Ground Level Legend Level. Description of Strata and Remarks
.
0 0 e 1467 o
o' _ 8" ::/~o T 1466'-an Top soil with Humus, dark.
i G J"" Soil, reddish brown brownish yellow,
. g.,'a- o, with gravel consisted of Granite
o R, boulders under size 8" 4.
4t - 4n 5 71T 1462'-gv
3’ Pit stopped by Granite boulder.
10 3
Commenced 13/5/66 Logged Y. N, Scale 1" to 5'-0"
Traced E.P.D.C.
Completed 14/5/66 Date Sheet No. 6 of 10 TOKYO
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Test-Pit No. P1 -4
Feature

LIANG HYDROELECTRIC PROJECT

TEST-PIT LOG

Size 3! - 0" in diameter Co-ordinates W 3747

Location POWER STATION

N 729
Ground Level 584!

gig&:i:ﬁel Legend Rei‘:i:i Description of Strata and Remarks
0 0 584!
Q' -g"» T 583'.4" | Top soil with Humus, dark.
3.~
5_: "'/,- . Sand included soil, brownish yellow,

L river deposits.
; '-r_ -
D

wl- -
J . -- Underground water surface level

1111 :27}—_{' 572'-10 | 5721.1%,

d7,%:

15

Pit stopped by Granite boulder.

Commenced 21/5/66 Logged Y.N. Scale 1Y to 5! - oM £ P.D.C
Traced T
Completed 21/5/66 Date Sheet No.7 of 10 TOKYO
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SI1A BYDROELECTRIC PROJECT

Test-Pit No. PZ -1
Feature
Location SURGE TANK

TEST-PIT LCG

Size 4'-0" in diameter Co-ordinates W3880

N1402
Ground Level 1323'

Depth below Reduced s e
Ground Level Legend Level Description of Strata and Remarks
0 0 1 323"
0'- gv o 132214 Top soil with Humus, dark.
3ma
3140 32 113190 -8 Clay with quartz, yellow.
R
=
. ~ "V Soil, reddish brown, degenerated
g1_gH - ‘,..2"\:9’ from Granite.
4 o - h314t.6"
107 st
- ‘,.:-vf'_—-‘ Granite soil, reddish brown with white
=R .‘+ spotted, consisted predominately of
i e R quartz and kaolin.
13171 J.it
40— —{1309'-5"
s o7 Granite completely weathered, reddish
a1 _"’(' = brown with much white spotted, but
_ .F.—'_'.-r still possessing a recognizable granitic
. _‘. = fabric.
2113 20 4 T.7F
T ‘: R The original felspars are completely
J——{1301'-9" decomposed to clay minerals which
— remain as grains of clay.
25

Commenced 12 /5/66
Completed 13/5/66

Logged Y.N.
Traced

Date

1 1 _oY
Scale 1% to 5! -0 E.P.D.C.

Sheet No.8 of 10 TOKYO

-
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SEMPAM HYDROELECTRIC PROJECT

Test-Pit No. P3—1
Feature

TEST-PIT LOG

Size 3'-0" in diameter Co-ordinates W 3579

Location POWER STATION

N 435
Ground Level 717!'-3"

Depth below Reduced R
Ground Level Legend Level Description of Strata and Remarks
r —— .
0 0 717'-3" i1 s
o - gn 3 o n 716171 Top soil with Humus, dark.
2!_ 6ll : - -‘:" )
= RPN 7i4'-gn Soil, yellow.
~ " 0 -
5'. 3°© 540" o 7121_0" Gravel and soil, yellow, river
.. - deposits.
d. - Sand, yellowish white, river
8'-10" B A _gn deposit
10 S 1 708'-5 eposits.
:_: [ I Underground water surface level
Z 7084-2",
E Shale, dar, rather weathered.
157
Commenced 17/5/66 | Logged Y.N. Scale 1" to 5' - 0"
Traced E.P.D.C.
Completed 18/5/66 Date Sheet No. 9 of 10 TOKYO
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SEMPAM HYDROELECTRIC PROJECT

TEST-PIT LOG

Test-Pit No.Ps-l' Size 3' -0" in diameter Co-ordinates W 3577
Feature N 435
Location POWER STATION Ground Level 718'-11"
gigﬂ;;?:gel Legend Ri:::fd Description of Strata and Remarks
3 718! -11"
o o | PF== jygs_ 3| Top soil with Humus, dark.
110" ' O *? 1 718'- 1" Gravel and sand, river deposits.
m H' ~— 717'- 4"| Sand, brown, river deposits.
o4 TS
> [ R v4 Clay with gravel, dark.
6'- 8" ] 0 r 712!~ 3"| Underground water surface level
. 712084,
;_ Shale, dark, rather weathered,
10t-4N 1_ gn
0'-6 10 . 708 5 Shaly sandstone, dark grey, sound.
15
Commenced 18/5/66 Logged Y.N. Scale 1" to 5'-0"
£g E.P.D.C
Traced T )
Complated 19/5/66 Date Sheet No. 10 of 10 TOKYO
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