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Table 1 — 1
‘Hame of Dam Site U-1 v-2 v-3
63
Embankaent (10" w’) 3.8 3.1 | 3.7
‘Construction Cost of
Main Dam 6 . 80 65 78
(10° H$)

EROBRIDU - 2N —BRND, koCU—-28REFAYSLEL

‘l‘:.-..



2 VEEA
TEHBARODLCBRABHEAERZE TS, L -1, L-20220Yh941
FEEE LR, ¥ A PORSBRKEZSARAETHRIZED 2 LI,
(B 11 8R)
AGTHEG, KESBmdI Y- bENYATHERUI,

Table 1 — 2

Name of Dam Site L-} L~2

Hain Dam Concrete Volume
fncludfog Spillvay (103 m3) 1.7 2.1

Constyuction Cost of
Hain Dam {(10% H$) 45 52
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Fig.1—2 8/ and 8-C for Optimum Project Size
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Table 1-4 Coaparison of Dam Height

90

110

Dam Height (m) 80 100

Dam Crest Elevation {m) 145 155 165 175
Elevation of Dam Foundation (m) 65 65 65 65
High Water Level {m) 135 146 157 “158
Low Water Level () | 106 132 147 150.5
Effective Storage Capacity (106m3) 680 680 - 680 680
Effective Depth (=) 29 14 10 7.5
Notmal Water Level @ | 125.3 | 1s1.3 | 153.7 | 165.5
Tailrace Water Level (») 15.6 75.3 75.0 74,7
Haximua Turbiae Discharge (nafs) 366 275 235 200
Installed Capacity (=) 150 150 150 150
Construction Cost’ (106m$) 217 273 289 345
Anaval Cost o) | 35.37-) 3301 35.83 | 2.1y
Annual Energy Output ao%um | 126.2 | 163. 194.8 | 225.8
Annual Benefit ao’u) | 4s.39 | s2.a6 | ssa2 | 6s.m
B/C 1.32 1.55 1.63 1.52
B-c o) | 1102 | 1855 | 22.50 | 21.98
(Reference)

Water Surface Avrea (kmz) 42.0 59.0 76.0 94.5




1.22 yax¥stolnd
YhRROBHETIIZED, HWLIST0mELTHUTOY AR ERLB UL,
D err-a78ay 77407 h
l)a??ﬂ~b7:4?yﬁﬂuw974wyb
i)iz%?»f7i4??¢&nvﬁ74wyb
HERBE. Civhy Works Tk > ko, JMBIE, BA, KERY, 7—
Y. REBEAES bOERE LR, RRERER L — 5 LT,
EORR. ¥YF—37H0 977 ALY LARETHE,



.mwuhaﬁns_ﬂdUﬂwoamom AQ WAMITIIZ COTIATPUNCZ U3 BaTpavlas PITPNIS-II SEA WED TIWE YL x

000°50T 78T oo,n_.m?‘nmﬂ . 000 6L%' #9T | 000°3L2°29T | 000°46T 95T Te307,
000 8T6 Y 000°L26°¢ 000°006“¢ 000° 005 ¢ 000008 ‘¢ TI0XDS § 02w
000° 05$ 4T 000°0£E° T 000°0€5* T 000°0SE T 000 0SE¢ T PIEAYDITAS
000°€60°2z | 000°0£0°02T 000 05%°0Z 000°0$n° 0z | 0004057 02 FTNOYAINOJ
000652482 | 000°959°ST 000°959°S? 000°7694SZ TAVWNL IINSSIZY

| 000°7E0*6 ﬁ

_ 000 2L2°TT 000218 ¢ 000°TIS ¢ 000°ZTTS ¢ ATITT

_ 000*0TS L2 0009000 000°00Z°TZ | 000°00Z° Tz | 000°00Z°1Z AentTTdS

_

000 029 TY 00028 822 000°6T8 Y9 000°8¢s 29 000“926°6S wed TFTH

w 000787022 005508 6T 000'%TOPT | 000° 4TI #T | 000°Zi5°0z | SOHOM DOTSIVAL(]

W m adiy Surowy 2dAy Foroey odLly . eI

P axzodey mnixesTy £ ﬂwa areudsy % FTIAIVOY 2109 192U

! IFARID

| T meq TTTIADOY 929150

M med TTIINo0Y DATITTIIITY

1

(88 :3FBL)

odi] weq 30 WOSTIWIRO) $~T ITQYL



.23 MAAR(AELRARZR)OBH
MAOHBRMHCIDBEAY LES, 100mE L of: M, T2 CLRAKEIZD

WT20m, 15m, 10m, SmD 4y - AROIOEBRELT Ok,

() #FRE. BEHHEISOMW(I5MYx2H T 5,

{2} Normal Water Level B, BABOEHERBADEOLKLE Uleo

@) ﬁ*ﬁﬁﬁ?#ﬁbtﬁbéﬁb&&uot YOELISOME Uiz,

) u}m&*%ﬁ-c B/C‘HJ:UB CL.J:DﬁﬁibLo .H.ﬁ@%%iii mFE DA
-chéo ' : -
_ ug)%%b“"oﬂﬂﬂlﬂ(%ii\ Smﬁ‘lomé’-‘)ﬁf}‘kﬁf‘lf?)&ﬁ‘ ?ﬁﬁlﬁ?kféi(’)
kéhﬁ# a#ﬂﬁﬁ%(Rﬁkﬂa#aﬁﬁﬂmBmauagxanznaux
KB L, itﬁﬁﬁmﬁﬂﬁmwﬁm6bﬁﬂtb&t@ﬂﬁmaﬂmkﬁﬂmé

m%&mbho ':



Table 1-6 Cawparison of Effective Depth

Effective Depth (=) 20 15 10 5
Dam Hedght @ | 100 100 100 | oo
High Water Level ()] 157 157 157 157
Low Water Level (a) 137 142 142 152
Effective Storage Capacity (10%az3) 1,210 960 636 360
| Normal Water lLevel (u) 150.3 152.0 ‘153.1 155.3

Tailrace Water Level (w) 75.0 75.0 75.0 75.0
Haxirua Turbiune Discharge (m3/s) | 241 236 235 226
Installed Capactty e | 150 150 150 150
Construction Cost (10%13) [ 300 292 289 287
Annual Cost (10%43) 32,06 | 36.13 | 35.83 | 35,54
Annual Energy Output (10%ub) | 184.7 | 186.8 | 194.8 196.0
Anaual Benefit (106u3) 56.50 | 56.90 | s8.42 | s8.65
B/C 1.52 1.57 1.63 1.65
B-¢ (105u5) 19.46 | 20.77 | 22,59 | 23.11
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faBle 1-7 Comparison of Installed Capacity

Tnstalled Capacity () |- 50 100 150" | 200
Dan éeight R S 100 100 100 100
High Water Lével z ) | 157 157 157 157
Low ﬁétérilevél o @ | a2 147 17 | 142
Effeétivé Depth reo - {m) ' io 10 10 10
Effective Storage Capacity (10653) 680 680 680 680
Normal Water Level (e) | 153.7 | 153.7 | 153.7 | 153.7
Tailrace Water Level =~ - (@) 3.0 4.2 75.0 75.4
Hax{wim Turbiné Discharge (a3/s) | 75 152 235 309
Construction Cost o obus) | 230 263 289 351
Annual Cost (obusy | 28:87 | 32.74 | 35.83 | 43.03
Annual Energy Output (10%kwh) | 200.0 | 196.9 | 108.5 | 103.7
Annual Benefit (o8u%) | as.14 | s1.68 | ss.a2 | es.34
B/C ' | ’ 1.56 1.58 1.63 1,52
B-C - | 1ea22 | 1898 | 2.5 | 22.m
{(Reference)

Peak Plant Operatfon Time (he) | 11.1 5.5 3.6 2.7
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Table 1-8 Comparison of Humber of Uniis

Alternative
3 unite x 50 MW 2 units x 75 WM
Intake 11,277,000 3,512,000
Penstock 29,569,000 25,654,000
Powerhouse 22,093,000 20,450,000
Gate & Screen 4,918,000 3,500,000
Cenerating - o
Bquipment 58,420,000 53,000,000
. Total 126,277,000 106,116,000

HERIOBR, 15MW X 28 OS5 NBBNTH S,
%ﬁmuwm¢Kﬁ%t&D‘ﬁﬁﬁbtU&MWNWﬁﬁt&éoima,4
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" Table 1-9 Comparison of Spiilway Crest Length

épillway Crest 1gngth - (w) 40 - 60 - 80_
ﬁam‘uélghi : @ | 100 100 | 100
Bffectlve Storage Capacity (106u3) 580 680 650
High Hater Level (m) 157 :7 15f.5 158
Lov Water Level () 147 147.5 148
Effective Depth (@ 10 10 10
Normal Water Level (| 1537 156.2 | 154.7
Tatlrace Water Level (m) 75 15 75
Haxioum Turbine Dischatge (ad/s) 235 233.5 | 232
Installed Capacity (a¥). 150 150 150
COAstructién Cost (106H$) 289 297 306
Annual 6ost (10%H$) 3583° 3671 |- 3177
Annual Enérsy Output (106kmm) 194.8 196.2 197.3
Annual Benefit (105Hs) 58,42 58.68 | s58.89
B/C _ 163 1.60 1.56
B~¢C 2259 2198 2113

L
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Table 1-10 Cowmparison of Spillway Layout

(Unit: M$)

Alternative Case A Case B Case C Case D

(Interivm)

ften Length: Length: Length: Length:

310 o 210 n 280 280 ®m
Cormon
Excava- { t, 146,600 999,000 810,000 630,000
ton | pock 11,720,800 | 7,682,000 | 6,256,000 4,899,000
Concrete 13,471,650 | 12,778,050 | 12,602,100 | 12,153,300
Backfi1l 86,000 51,500 33,100 13,100
Reinforcing Bar | 3,003,600 2,859,600 2,823,600 2,715,600

Bridge 106,000 106,000 106,000 106,000
Hiscellaneous 885, 350 733,850 679,200 663, 000
Total 30,420000 | 25,210,000 | 23,310,000 | 21,200,000
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Table 1-11 Oﬁtimum Deveiopment Scheme of Upper Tekai

Pan Type
Crest Elevatipn
Foundation Elevation
Dam Hefght
Reservoir ‘High Hater Level
Low Hater Level
* Effective Depth
Normal Water Level
Effective Storage Capacity

Cross Storage Capacity
Téil Water Level
Rated Het Head
Haxioum Turbine Discharge
Installed Cafacity
Annual Eﬁergy Qutput
Construction Cost
Annual Cost
Aﬁﬁual Benefit
B/C

B-GC

ElL m

EL m

106 53

106 n3

n/s

108 xun
108 s
10® ks
10% us
10% us

Rock-fill
166,2
65.2
01
157
147
10
153.7
680
2,040
75
75.1
235
150
194.8
289.45
35.83
58.42
1.63

22,59
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Table 1-12 Comparison of Dam Type

(Unit: H$)
Alternative Concrete Rockfill Dam
Gravity Dam | Center core | Concrete Asphalt

ltem L type facing type { facing type
Diversion Works 5,078,000 7,153,000 7,153,000 7,153,000
¥aln Dam 16,000,000 | 10.606,000 | 15,183,000 | 15,203,000
Spillvay 4,950,000 9,427,000 9,427,000 9,427,000
Intake 920,000 | 1,210,000 | 1,210,000 | 1,210,000
Penstock 810,000 3,150,000 3,150,000 3,150,000

-Tol:al 2??758,000 31, 546,000 36,123,000 36,143,000

A3 31913 W 37V FENBRYLERJZE L,
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Table 1-14 Developmerit Scheme of Lover Tekat

Danm Type
Crest Elevation
?oundaflﬁn Elevétion
Dam Height

Resgervolr Righ Water Level
Low Water Level
Effective Depth
Hormal Water Level
Effective Storage Capacity
Gross Storage Capacity

Tail Water Level

Rated Net Head

Installed Capacity

Annval Generated Energy

Construction Cost

Annual Cost

Annual‘Benefit

B~0¢C

B/C

EL

EL

EL

EL

EL

106 o3

106 a3

ElL

Hd

108 Kwh

106 us

106 u3

10% us

100 u3

Concrete Gravity
81.00
43.00
38.00
75.00
10.50

4.50
73.50
21.50
41.50
55.60
17.20

5.8
40.3
62

?.98-

8.49

0.51_

1,06
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212 #® % %X B
1%  Q=2350m/s D=73m L =534,506m
24 Q=1175m/s D=46m L= 43852m
(D RAOIZBII SHEKE (h)
a) AR B SHEAR (h)

L CRARKER ~02

Vi RABRDTHEE (M)
. 235

1= TZoxa30 0381 m/s
_ 0.851* __
h, = 0.2X 2x6g — 0007m

b) A7 V- YRESHBREKT (hy)

=4 -sina-('-,‘;)"ﬁ

AL 1220 R—OBERRCXBER —1.60
8 S A2V~ OESAKE  =6326'06"
VIAZY-SR—OBE  =0016m
b:ZAZY—N-DEHNKEZX =0.15m

Yi: A2V - ERATCOLBEK & M) = 0851 m/s

fo = 1.60 X sin (63.436%) x (01016, | s }4./3 ~ g 072
e 0.8510
= 0.072X =0 = 0.003m

¢) Bv--IXBHAEAB (h.)
he = {;}; (%)’—;I) —‘2%’
¢ UV -OKPRBEBRE &5 KR
/= 1181
b Y -HMOKRE =13.0m
bl KRS v -HOBHEBBRLIEE =120m

Vi AR OKIE D T &

Vv, = 235

= 1Pxg3 = 0.851m /s

-7 —



o b3/, 3t~k x 0B51%
he = {1181x (33120) ~1} X 5 0%

4) BN I 2REKR (h)

v
2g

ha= foX
o BRHRXERH
V. BBERO P
¢ = 60
Ac= 130X12.0 = 15607
Ay = 7.3X7.3 = 53.29m¢
Ayp, = 0352

f. = 0.075

v 2350

F aat x )(7.3_’/:] = 5—6|5m/5

N 5615
hj = 0.075 X ém =03121im

e) BADIZBIIZ BEARE (1)
By =h.t hy+h.+he
= 0.007 + 0.003 + 0.014 1 0.121

= 0.145m

(2) AEFBLEBUEAKSE (M)
a) XD HLASE (h,)

¢ ¥
bl - [I 2;
i, PBEEEHR =050
Vo: ABHOKIEEAFBAS
_ 56157
h, = 0.50 x 2%x98 0.804m
b) BBEXBHEAAE (L)
-f.1.-¥
hh=f"1L 22
[ EEREEN
[:—'g"'snlq
DA

— 8 —

=0.084m .

= 5.615m /s



LIguEnER (m)
D gEE (m)

Y ERTHRE (m/s)
nt m&ﬁﬁ n ='0.0112

RO LKSH (hy)
L. 1245x00120 .
M = 7345 = 0.001266
L = 534.506m
v = 5.:6f5m75
. - 5615
hn—— 0.001266 X 534.506 X I%98 = 1.489m
ﬂﬁ&mﬁgﬂkﬁ (hys)
_ 1245%0.0127
f= TT46% T 0.0023
L =43.852m
V= JLS_ = 7.070m /s
f(455)
_ 7070
b= 0.0023 X 43.852 x 2%98 = 0.257m

hy = hu'l' hy; = 1L.O5940.257 = 1.346m
c) BADIEEBREAE (h)

‘F'
he = faX fipX ?‘g

M BADDERER LRED LR (/D) 2 & >Cik
FoHRER

he: EBOABD PO/ 0 DBROEEE LA 90 OBA
DREDH,

V:I8RTHE%



No. o D 0 fu1 f1,2 v 75 hd

1 30.0 | 7.3 [ s0°00'00" | 0.132 { 0.745 | s.615 | 1.600 | 0.158
2 20.0 | 7.3 | 48°00'00" [ 0.135 | 0.730 | s.615 | 1.600 | 0.158
3 20.0 | 7.3 | 48°00700" | 0.135 | 0.730 | s.615 | 1.600 | 0.158
4 30.0 | 7.3 | 44°00'00" | 0.132 | 0.699 | s.615 | 1.600 | 0.148
5 30.0 [ 7.3 | 72°00%00" | 0.132 0.925 § s.615 | 1.600 | 0.296
6 10.0 | 4.6 | 40°00%00" | 0.142 | 0.667 | 7.070 | 2.550 | 0.242
Total 1.060

d) KEBBI 8132 HEKEA (hy)
hy = h,+ hy + b,
= 0.801 +1.316  1.060
= 3.150
B) BAORB3HX K (hs)
a) REBEAEOBEHL AR (h)

h, = fu'_‘“

foa = ‘ l—(:_:),!

. SEHELEK
Vi i 2EHD THEE (m/5)

__nis_
“Tipoxse — 235m/s

AvA,y P SEBRORE
A {{A, XD Moo = 1

23500
h, = 2% 08 =0.282m




4} BR%AR

Head loss at {ntake (n) 0.145
Head loss at penstock (m) 3.150
Read loss at outlet (m) 0.282
Other head losses () 0.023

Total - (m). 3.600




213 R =
M % % h
REHITRORIZEDRD S,
P=98xQxHxpy
CIR, QI AAERAKE(=235m/%)
B %2 (= 153.700 - 75.000 - 3600 = 75.1)
7 K&, REAOSRBE (=0.87)
P=98x235x751Xx0.87 = 150,474Kk¥ *= 150, 000Kk}
(9 REBHE
REBNRI. 1961~ 1980F D20 END AR B RN EHOCHE L,
Wy FOFHERLDEEHREENBIIIMBOWH THB, 21, B0
FLBEDTHa <BRTIOWH/A. BATIS20WH/} TH 5,
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RERAKRE REOMBHBHE bERHI AR, Oumbel AR 12 X DICOOE 5 K

- BERARDILARBRBOMASY — 5D, HREKERZ EDRERITEREL
RIS AODOOE R RIZ 850 K2 U, BEHAKRER DB ¥ 1300 ms &4 5,
{ Volume N1 &8 R )
EBBARIKREUBRECODT, ROY—F vV EERULY — LY 1
FEF— MBI AT DRBREHEE. BENEHCHE. EoCo 7 L HLORK
A (BOM) EXR ¥—-F v —VRBRHRTBLETROI>C LS,

Table 2-2
The peak discharge of inflow 7,300 n/s
- The maximum water lével - EL 1640
The surcharge volumes 585 x 106a°
The maxiauvm outflow: : 1.504 a3ls
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[Repoit of Waler Resource Management in the Pahang Tengara Rigion) 2

FNHT LAy 7 RUAZFISTORBRBRERT IOLHALTL S,

Table 2-3 Sedfment Load of the Rivers in Malaysia and Indonesia

Dralnage o
River Area Vegetation Sediment Source
2,- Cover Load
(km )
Perak River | 5500 Rainforest 862 144n3lkuzlyr Douélas,%i??O
at Kenering Rubber 10X after
: Padi 42 Shawinfngan
Enginéering Co.

Gombak River| 140 Forested 6?m3lkazlyr Douglas, 1968
at Kuala Headwaters
Lunpur agriculture

& mining

land
Kiel, 21 Rafnforest 70X | 111a’/ka’/yr | Shallow, 1956
Cameron Agriculture 302
Righlands
Telon, 27 Ralnforest 94| 21.1m/ka’/ye | shaliow, 1956
Caneron Agriculture 6% . !
Tjiloetoeng 620 Deforested 1352;3/knzlyr Van Dijk and
River, 'ladang’ Vogelzang,
¥est Java cultivation, 1948 '

pasturing
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Table 2-4 Sediment load of dam design {n Malaysia

Ranne of Dam Sediment Load Type of Dan Drainage { Rame of River
Area
3,,.2 : e 2
(" /ka"fyear) | (dam hefght) | (ka®)
Rock=f111 TRENGGANU River
: 410
PUAH DAM 70 (80 n)
Concrete ' TEMBAT River
TEMBAT DAM 17 Gravity- 101
(24 n)

(lote) ULU TRENGGANU Report
Upper Trenggaanu Devéleprment

3y Fitphroniw

TAANTE, SEOLESIPORFEEE2NTCBST., AnV)IOESS
EIRITZENR D SR NI,

. FA Pillmﬁﬁriéﬂ)ﬁlﬁﬂb H DL( Drainage and '!rrig-alion Dep) REDKE
DEIR S BECRHAS NI,

~ Table 2-5 Heasuxed Results of Soil Sedimentation

Stngon | station Hame 23;§h?:2§5 Eiiioa 2;§::§:r:::;:e?:gl£)

3423421 | Semantan 2,920 72-78 110

3424411 | pahang © 19,000 - 72-74 140

4019462 | Lipis 1,670 - 72-76 130

4023412 | Pahang 13,200 72-74 150
4223550 | Teabeling 5,050 74-77 130

_(Séurﬁ:é; H.H.R.8.)

Bl LB ROV TR LRE LRAA I10M/0) B0 RS 2, HEOR
ERISLUM LT 3,
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q = 150X 107X 1100 X 30°Xx 10* + 1.5
= no‘x:b*&f/mz
HE+BROFEIDROWSBAEL LD L, HHPRQH
Q= 1.2Xgq, = 132X 10’07 year
SR CA=1200d XD
Q.= llo-rn’/kl/)far'
THY L
ERHEAR 160 X 10* v ( 5 /5 )
C.A 180kd
Q. = 107m/ Kk year
) OGO EE %
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) Q.=r, - (C/P) — (AN

IR

) Q, =002?243 x

T

Qi HPRB (n/kd.year)
Fa: 0.00012- pod
®¢: R/7(C/F)

R BLRE (m)

Ci ¥YhlrKkEE ()
F; BRER ()

Rép—zms-itgﬁmx)

Qs DR (m/%d year)

P EMTHEE (=)
R; E_ﬂii {m)

Fi BASEE %)
D. DREAVCHE >EHBBREBKOAD TH5,
oHADRE X3 Hk

Table 2-6 Calculation by Xira's Formula

Upper Dan Lower Dam ,
Gase (Indepeadeat |(Independent ?g::;’_egan Remarks

Itea Development) |Developement) Development)
Catchment 4 1 ' B -

i 1200 x-10% | 1380 x 10% | 180 x 106
F (n°) _ R
g‘?:3§°f°‘93°1ty 2050 x 10% | 700 x 105 | 51.5 x 166

C/¥ 1.708 0.507 0.231
R (m)
¢ = R/(C/¥) 293 986 1,970
ys = 0.0001290+368 0.0166 0.0476 0.0868
Q = Ysx g
(a3 /kn2year) 284 241 200
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5880P. R.F B ROE>385a303,

P: 2400 m
R: 500m
F: 1004 i)

Q.= 88.3 (0?/kd /year)
5) RHEPROmRE

ElD,

M~BOBBETEDIERDE D CHB,

Table 2-7 Results of Sediment Loads
Estfmated value of relative
Hethod sedineniation Remarks
/val [year)

Sedimeptatlon_it! Halaysia 21.1 < Qg < 144 (82.6)
Design sedimentation of dam .
projects in Malaysta 17.0 < 0s ¢ 70 (43.5)
Estimation from suspended '
cediment 107 <Qs < 110 (108.5)
Kira's Formvla UPP;;&DM Lowver Dam

200Qs <241 (200)

Nanba's Formula

88.3

(Figures enclosed with parenthesis indicate average values,

HEDERID, £28K AT

EBY AT 300m/xd Aear

TBYLTIE 250m/kdyear

LB LI,
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Fig2-4 Distribution of Epicenier in Southeast Asio

{ofter Boltetin of the Selsmological Sociely of Americo
Vol. 59, No i, pp 369 380. Februory, 1969
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The Recorde of Seismicity in Indonesia

Table 2-8

15°H ~ :S"s

1500 ~ 1980 H> 1.0 89-1/2° ~ 110°E
Year Month Day| Time JLatitude Loﬁgitude Deptllﬂhg“i- ﬁocgtion
(k) tude .
1906 | vi 26 | 110 12| 15m 913— s fi.s Bay ;f Bengal ~
1907 |1 4 [os5:19] 2u 96.3E s | 7.8 | ore West coasé‘oé
' nortﬁern Sumatra:
xi 21 | 20 : 03] S9N 195.3E :?.4 Hortfern Sumatraf
1913 [ vitr 13 |04 : 25| s-172s | 1ose 5] 1.2 'Soutﬁern.Sumatra;
1906 | x 11|16 07| 12 95 80 | 7.2 | Andeniman 15,
- rggiﬁn
1917 | Xt & |12 : 03| 4.8 968 71 &qgiﬁe:n éﬁmétra;
1926 fvi 28 0.5s 100. 5E Sumatra
1931 | 11 10 f 06 ¢ 35| 5-174s 102-1/2e | s 7.1 soutﬁ'suuétra
1X 25 105 ¢« 5% 35 - 102-3/4E | s 7.4 Sﬁutﬁern dunatra
1933 1vi 24 | 20 2 54| 5-1/25 | 106-374E | s | 7.5 | southern Sumatra.
1935 X111 28 |02 : 35| o 98-174E 3 1.9 Nortﬁetn Sumatra
1936 |1 2 J22:3%]o0 99-1/28 | 60 | 7.0 “
IX 1% J01 :01] 3-3/4N } 9722372 | s | 7.2 "
1939 Juir 21 |or e | 1-1/28 | 89-1/28 | s |7.2 |south indtan
Ccean
1961 |vi 26 |11« 52 | 12-1/2u] 92-1/2 $ | 8.1 |Andaman Sea
1963 Ivi 1 {1a:18 ] 60725 | 1os-12 |s |0
vi 8 J20:42] 15 101E 50 | 2.4 detﬁern Sumatra’
vi 9 |03:o06] 1s 101E s0 | 7.6 "
XI 26 |21 : 25 | 2-1/2s 1603 130[ 7.1 | southern Sumatra

. B

—



Table 2-8 (Cont'd)

Year {Honth .Da'y Time Latitnlde Longitude Depth:‘zg:i" Location
1944°}° 1 5 21 : 12| 3-1/2s 102E 60 | 70 Southern Sumatra
19546 v 8 05 :20| © 99-172 S 7.1 "
v 14 1S 98E '?;0 -Sﬁuthuest of

A , . 7 Sumatra
1963 [ X1t 15 | 19 ¢ 30 | 4.8s 108E 650| 7.1 | Java Sea
19564’; 1 ‘, _‘ 4 |22 4| 1.8 102.3g 33 [ 6.7 | sumatra
1969 | 3 ez eos ) 2am 946 20 | 7.5 | oif W. coast of

A S ~ 5 Northern Sumatra
1975 X 1 131 29 | 495 102.2¢  §'N | 7.0 | southern Sumatra
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BIBE Seismicity Map KRENLZBEDHBOPTC, YL MEOLAZHHERD
2HEAREEAOBND 2 DOHBILSOWLT, TOHEHBIERDE,
a) ODBR

BRO2/ ZFa—-¢ 19 BREE 600k
b) @R
RO fa— ¥ 68  BAEM 375k
HBELRAVLEXBRAQAROBDTH S,
I | |
 loguve=0.61M- (1.66+ 22) logiox - (0.631 + '?)'
T, = “170!66 { (0.539M - 1.621) A+ 50.46 M- 111,16}

a% 21—Lv,_

T
W w &
logis 3 = {LH80) 5 (76054 17204M - 01036 M)

RSN BRBOES (NRE ) BROAD,

Espitical Formula |, ;
?arthgﬁake R (6} KaQai—Seed's Foreula

Earthquake (})

(2) Okamota’s Formula

1.25% gal ' © 0.99 gat

Eérthqﬁake (2) 1'.037331 1.08 gal
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Fig. 2-9 Uprush Height Determined by
the S.M.B. Method and Saville's Method

Distance to the
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Table 2-9 Physical Properties of Haterials

i Prbpértles Sét ;’t d Ang b f ¢
_ ukate - ngle of fn-
g Density3 Wet Density Cohes;on ternal friction
Haterisl | ds (t/a%) | dv (v/a3) (t/n®) ¢ (°)
- 2 : i . g™ 0 450
1 l]. : . -3
Shell material 2: 0 1.80 5) (40°)
i - 0 45°
Filter material 2f10 o 1.80 (5) (40°)
_ s : 0 14.5°
Core material 1;99 1.94 9) (14.5°)

Table 2-10 Test Results and Physical Properties of the Core Material

Cs e w s du (t/ad) | ds (e/ad)
2.62 | 0.6752 | 0.214 | 0.830 1.90 1.9
2,69 | 0.7969 | o.270 0.911 190 1.94
2.62 | 05394 { o0.178 0.865 ‘2,01 2.05
2.67 | 0.6553 | o.200 0.815 1.94 2.0
Average |  1.94 1.99

i) AORUKKER 10 LW
D RBR ‘ |
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x®i:, ; :
E}mu&&ﬁéﬁfomﬁbﬁ*&#&uELJ$mmtbko
M RUOATHE  k-o0) |
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BREBARBEDI2Y - A 1220 CEih o1,

e Rormal or Upstream Downstrean
a _ .
vel N\Properties Earthquake Slope Slope
Under normal - o
3 No cohesion conditions 0
Y considered -
w In the case 0 o
: 8 of earthquake
L
b Co , Under normal
g - cond1tion: 0 ¢
8§ | Coheston - on ons
¥ a1 considered e
R-E . In the case o o
H of earthquake
v No cohesion uﬁdg}fndrnai o 0
b g ‘ { considered condftions
L4 A : :
1 v -
@ n g R .
58 | Cohésion: Under normal o o
¢ v o | considered ‘conditions
H Ow :
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Table 2-11 Minimum Coefficient of Safety

Normal or Upstream |Downstieam
Physical Properties Earthquake Slope Slope
— Shell and filt'er Under normal L5
g Ko cohesion] € = 9 tlm2,¢ = 45° | conditions - 1,435 1.761
w " Jconsidered |} Core : , . ,
o - 2 » |Ta the case °, ; oy
33 | r .
Shell and filter Under normal ) ’
_gg Cohesion C=5 t/m", ¢ = 45° |conditions 1_'666: : 2.181
"g considered - '
[e] .
H Core In the case ‘ :
Cc=9 tf2,¢ =14.5° |of earthquake 1.610 1'62;
Shell aBd Filter
C=0 t/u",$ =45°
w“ No cohesion Und;r_ noragl 1.401 1.761
0'3 considered Core ) conditions
©
@ 9 C=0 t/a",$ =14.5°
O 4
2 Shell apd filter
b +1] Cohesion C=5 t/m“,¢$ =40°
g 0l considered ’ Under normal 1,558 2.160
HO Core conditions
C=9 t/n’,$ =14.5°
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Table 2-12 Water Level and Discharge Volume

§:i§:v225e1 H (w) c H/hd K BE:?" H3/2 (n3?sec)
157,00 | o

.:":157'.50 R 0.50 1.654 | 0.07 | a.123 éé.’ﬁ_a 0.354 23
%153_.56 1.00 | 1,705 0.16 | 0.110 | 39,35 | 1.000 67
?7153.56 1;50 1.753 1 0.21 | 0.095 | 39.15 | 1.837 126
i59.oo_ | 200 1.797 | 0.29 | 0.075 | 39.10 | 2.828 199
15;.56 12,50 | 1.839 | 0.35 | 0.070 | 33.05 | 3.953 283
160.00 | 3.00 1.879 | 0.43 | 0.055 | 139.01 | 5.196 381
160.50 | 3._50 1.916 | 0.50 0.0585 | 39.06 | 6.548 430
161.00 - | 4.00 | 1.951| 0.57] 0.035 | 39.16 | 8.600 611
161,50 4.50 | 1,985 | 0.64 | 0030 | 39.19 | 9.546 763
162,00 5.00 | 2.016 | 0.71] 0.025 | 39.25 11.18;) 885
162.50 5.50 | 2,046 | 0.79 | 0.020 1 39.34 [12.899 | 1,038
§163.00 6.00 | 2,075| 0.86 | 0.015 | 39.46 |14.697 | 1,203
163,50 |6.50 | 2,102 0.93] o.019 39.49 |16.572 | 1,376
164,00 7.00 | 2.128 1,00 o.':om 39.58 18.520- 1,560
164,50 750 | 2.1%3 1.0 o | 40.00 120.540 | 1,769
165.00 8.00 | 2.176 | 1.14] @ 40,00 [22.627 | 1,969
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Fig. 2-23

Seclion of Intake Model
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Fig. 2-24 Prevention of Vortices by Ploats

Float Pipe




Fig. 2-25 Prevention of Yortices by Inclined Plate

HWL




Fig. 2-26 Prevention of Vortices by Beans
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Table 2-19 Cowmparison of Pressure Tunnel

(Uni_t L H}) .
Pressure Pressure Hé,adracef Tunnel
Alternative Tunnel 2 “Tunnel , 3 | & penstdck with
Generator,3 Generator,2 S
Dia, 1 - . ‘ _] Surge Tank
Length pe6,0n  £=524m| D=7.3a o=1.3m
Lten | D=4.7n 2=637n| 2=578a =593
Tunnel Excavation - o A
— ) (Morizontal) 3,425,400 2,819,900 ° 1,156,500
g " (Inclined) 704,000 737,000 - 555,500
:’: Plug Concrete (Horizontal) 3,841,000 2,622,000 1,122,400
8 " (Inclined) 621,000 667,000 - 395,600
8 | Retnforcement Bar 374,600 291,100 226,000
K Sub-Total 8,966,000 7,137.0Q0 3,456,000
v | Tunnel Excavation - - 2,326;850
8 '
3 | Linlag Concrete - -~ 2,415,000
g o
g Reinforcement Bar - - 1,162,150
Sub-Total - - 5,904,000
Shaft Excavatfon ~ - 1,721,500
' Open - - 453,150
3 Concrete Shaft - - 1,538,700
:‘ Refnforcement Bar - - 1,383,850
¢ .
e Common 28,800
3 Open Excavation Rock _ 759,000
Sub-Total - - 5,885,000
Drilling 470,900 247,000 623,480
& Grouting 133,100 384,750 972,000
§ Contact Grouting 525,000 367,500 514,750
g. Hiscellaneous 14,000 - 7,750 16,770
Sub-Total 1,743,000 1,007,000 2,027,000
v | Steel Pipe
[+
- Sub-Total 17,550,000 | 16,200,000 7,236,000
Access Road - - 100,000
Access Tunnel (L=150m) 1,310,000 1,310,000 1,310,000
Total 29,569,000 | 25,654,000 25,918,000




2.8.2 BAOHARIOHRT
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HiEaBT 5,
@ & B2
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Table 2-20 Increase/Decrease of Beaefits and Costs

(Unit : 10% u3)

_ ) Enner Diameter D (m)
Item
5.0 6.0 - 1.0 8.0 9.0 10.0

Increaseldecrease"ah 9 53 o 73 ol 4. | s.o1 5.36
of benefit e -0 ' : ‘
spereasefdecrease 4o 1027 | o Jom | 148 ] 2.7 | 3.40
of cost : -

AB - AC -7.06 0 299 | 2.86| 2.66 { 1.96

(The standard value of inner diaxeter is 6.0 m)




Fig. 2-27 Relationship between Internal Diameter
of Pipe and AB, AC, and AB - AC
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Fig. 2-28  Cross Section Studied

(O=4,5, 6,7, 8, 9and 10 m)
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" Table 2-21 Head Loss
{Unit : om)
Inner Diamete¥ D (m)
5.0 6.0 7.0 8.0 9.0 | 10.0
Head loss due 1 : 1.
to friction () | 8.566 | 3.239 | 1.423 0.699: o.-37_2 0.212
Head loss due ¢y | 5 53) 11,703 | 0.910 |0.530 {0.336 | 0.221
to bifurcation © r2 ' * ' - ' *
Egageigss due (h ) | 3.787 | 1,952 | 1.165 | 0.782 | 0.579 | 0.462
Other losses - eV a3 {aaan | aor
of head (hr4) 2.218 ] 1.076 | 0.573 0.34‘0 0.203 | 0.135
Total 18.100 | 7.970 | 4.080 } 2.360 |1.490 1 1.030
Turbine dischargé Q = 235.0 nsls
i € &
MECOmEBRRE LSO REAXBOER JHE R 2 22 =
Table 2-22 variatfon of the Head Loss
— ——
Inner Piameter (m) Head Loss (m) M (m)
5.0 18.10 ~10.13
6.0 7.97 0
7.0 4.08 3.89
8.0 2.36 5.63
3.0 1.49 6.48
10.0 1.03 6.94




Head Losa (m)
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Fig. 2-29 - Reldtionghip between Internal Diameter
of Pressure Tunnel and Head Losses
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Table 2-23  1Increase/Decrease in Benefits

Inner Dianeter D (m)
Unit . -

50 60| 7.0 | 8.0 | 9.0 |10.0
AR a 1013 | o | 380 | s.er 6.48 | 6.94
AKNh ke |-26.22 | o | 10.07 | 14.52 16.77 | 17.96
AKH 105K 995 | o | 7.66 1.05 | 12.76 13.67
dxwh x 0,190 | 105$ 4981 0| 1o | 276 | 39| 34
AXW x 190,20 | 1093 285 | o | 1.00 | .58 | 1.2 | Les
AB 10545 -7.83 | 0 | 3.00 | 4.36 | s.01 | 5.3

6) FHRROHI

BARTLOBER, tATSHRERDCLERENEL, EEROMMRE
ki, | |
D BEHR
2) BHRoOkH
o RHAE
BRANED, BAEUAREARALBES 3, 2T, AREHBA
ED30FET 3,
£XKIE . H, = 157,000 — 71,800 = 85,200m
KEIE:Z, = 85200X 03 = 25560m
BRKBIHBEH, + Z,=110,760m
%QKBIié?iéiﬁEliuTﬂJﬁRJ:D*béba)t;i‘éo
H=Hy + 2,
H {383 32UHAE
Hy : .. B X
2y o KRE
CIR, Zx BT L CRA BEBARBOTCOEL, Adi3,
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Table 2-24  Steel Pipe Welght

Inner Diameter Average Wall Wefght o_f Steel Total Yeight
Thickness Pipe per Heter of Steel Pipe

(=) (ea) (t/m) ()

5.0 17.698 2,189 1553

6.0 21.356 3.1 2249

7.0 24.209 4.195 2975

8.0 26.781 5.302 3761

9.0 29.637 6.600 ) 4682

10.0 32.968 8.157 5786
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' Intermediate cross

Upper seml-circle

"section

Base of penstock

:Table 2-25  Coamparison of Civil Works per Unit Length of Penstock
Inner Diameter D (m)
Unit —— = Ram —
4.6 | s.0 6.0 7.0 | 8.0 9.0 | 10.0
Excavation | w? * 130.887 | 35.070 [46.619 59.973 | 74.914 | 91.515 | 109.777
Concrete | w> |14.268 |i5.436 |18.417 | 21,408 24,648 | 27.898 | 31.237

- 101 —




L£2°1e | ovstes LLL760T | S49°SE | L9T*TC | wE6'YS | TSO°8 | L08°0T | £8L°C | L96°T 00T
868°.2 | LT9°€9 | STS'T6 | Tocez |- 0mvieT | seztew | zsecz | se's | wevir | s6t | 0%
89997 $9Z°0$ ¥16° %L SYE vz LZT°ST To%°SE 269°9 | 126°8 WNHJm §29°1 0°8
887" | $8v°8C |  €L6%6S 06%°6T | OTT'TT | €L£°87 | 2S6*S | L86°L | 962°T | »59°T 0°¢
ITeieT | wzte 169°9% 2LT°ST | 8296 680°27 | 2SS | swoL | 97T | €871 0°9
9EP°ST |  SE976T 0£0°5€ L6E°TT |  280°L 265°9T | T8S°% | 80T9 | ser'z | ZTTT 0°s
$9T°9T | 619791 138°0¢ 8€0"0T |  ££2°9 TIOUYT | TLTTY | 2€L°6 | £L00°T | £v0° 9°%
hch , 2 T z

(™) V=¥ (™ )+ | (W ™ (,™ @ Sl @ M [ (@ %8 (@ g (= «
32005 | p° | (v) smarop | | ) () 1G9 2939werq

FJo pamToA | 24 ' ROTITARORY 2ITUY

A9IFW T 29d MION WOTIDNIIFUC) [IVGRL SANBSPIg JO SEWNLOL 9T~Z PTQeL



b)%ER%&%%&&&%U@&E$D\@%i*l%ﬁi%ﬁﬁbkb@
N2 -21TH 3,

Table 2-27 . Total Yolume of Civil Works for Construction of the Pressure Tunnel

loner Diameter D (=m)
Itea T;'f?ek“ N unte _—
: or 5.0 1 6.0 | 7.0 | 8.0 | 9.0 [10.0
Tunnel |
excavation
Horizontal | w3 |19522 |25358 | 32029 39533 | 42870 | 57042
Inclined v | 3132 | 4169 |- 5355 6690 | 8172 | 9803
Plug N
concrete
Horizontal | " | 8470 | 9938 11451 [13009 [ 14609 | 16254
Inctined | * | 1352 | 1613 1882 | 2150 | 2448 | 2736
mene oree- : tloeal el 1| 18| s e
Gtouting
Drilling m | 1867 | 1867 | 1867 | 1867 [ 1867 | 1867
Consoli- :
dation ot 2890 2801 280 | 280 280 280
grout
Contact w? 914 | 983 | 1027 | ros9| 1086 1106
grout
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Table 2-28  Unit Prices

 Undt Pficééﬁ(é$)

Tunnel excﬁvation {horizontal) - ; 86.5lm3 :
Tunnel excavation (incline&) _ : i10.07m3 :
Plug éoncrete (hoiiiohial) : ;=230.0]ﬁ35;
Plug concrete ~  (inclfaed) . 230.0/a3:
Reinforcement bar | 1800.0/t |
Drilling | | - 130.0/n -
Consolidation grout o i 1350'??‘,;:
Contact grout ll30.0fm3
Steel pipe - | | SﬁOé.Oit

Table 2-29 Total Pressure Tunnel Construction Costs

(Unit : 106 u3)

Inner Diameter D (m)

2

5.0 6.0 7.0 8.0 9.0 10.0

Construction cost 13.97 19.49 | 25,62 | 30,16 | 36.53 43,98




Pressure Tunnel Congtruction Cost (106 u$)

50
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30 |

20

Fig . 2~
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of Pressure Tunnel and Construction Cost
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Table 2-30  Increase/Decrease of Consgtruction Cost

Unit ld6H$.
. Increase[Decte;se of
Inne;‘?lameter ::ﬁ:i:zitizzngist Pressure Tunnel Construction)

Cost ;
5.0 13.97 -5.52
6.0 19.49 L4

7.0 254,62 5.13
8.0 30.16 10.67
9,0 36.53 17.06
10,0 43.98 24.49

WCRUERES > CROLERROMRACER 2-31 1577,

Table 2-3}

Increase/Decrease of Annual Expenditufe
Inner Diameter (m) ac (106H$)

5.0 -0.77
6.0 0

7.0 0.71
8.0 1.48
9.0 2.3%7
10.0 3.40
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(4) B2

(Unit : EL m)

Pressure Bifurcation Tutbine Center
Max{imum Hinimum Maxioun Minfimum
Cut Off Condition Value Value Value Value
) i
o4 185,000 143.258 187.268 140.897
2y |
25

0 16(s) Time(s)




(W) 0ulds 1
000! 006 oo® 0L =la) . OQ% . Q0P o oon . oo " 0_9 o)

b’

ADM JOLOM /

{

LALILB | TFTrsTYITT ¥ TTTTFrTTIY I E I T T YTT oY

|

TYITYYrrIrrrrrrorIT

2

Ewo rAWA -] 2INSSOd WNWIXDW

- ADM JBIOM By, DUOIY 3UNSSBIY- WNUWIXOW: ~ Te=z ~Brog-- -

3

3
(w) ainssaiy



oz

I U T W DA

{s)ow
el ]

e W I A | A

L
oe

bl L d g

09

I

Lo d 2 4 L)

o

e

oT

o]

el L L)

ITHH

TR EN

LLLLELEL

LLLiLlL]

Ty

Lt

LA R LA ER AR ERRARAEE |

ryryIrrIrTey FrYTTYT YT l"llkl”'l

QUTQIRL D UO[:0ang airssaig

ze-T b1 g

[+ o]

8

{wlainssaly

¢

g

— 10—



Discharge

Fig.2-33

Durgtron of One Unit

P

|

A

% 20

120

LA AL A

TTYyITyreYnrTTY

Tyryryrrae

T TFTUTIEITNT

{s4w) obioydsig

1

™y vt O

30

Time(s)



28 ¥ R 3
ERLORUESL > T, HRBKREI0ERERRE T2, 28, GGy
KDY —F v - SEREHAL CRBATSROGK AN S b0 L ¥ 5, BFHRG
FROED TH B, :
O HRPBAR 1100 FHEFA ( U 27 i R 270015 )
ofiHE KRS b RANER
BIERR  ERERY
A F:8m
£3 £:71668:= 717m
FOES I EL 75.60
st %A  EL 7200
() BARIHH
HARD TRIZE S,
Q=A -V
"Z/ 1+ f,fﬁ.f:'%
N Q :jézkﬁﬁ(nf/s)
V o AKKE(m/s)
g ¢ EHEE (= 98m/s)
‘H I A B E(m)
EARXEGR (= 02) |
o ! ADRUBHRESAKER(—0125) .
CR ¢ ESRKES (-2 )
n  BERB(=0013)
! BR(=A/P)
AR E (m)
& A(m)

f—ry
-
-

a2 B ]

—112—



', Si'n:(é(}":— 0=

Te ¢

P. = 6.54

0 GHABAL — HE

|

‘: ' ;0. -"T-radﬁ.

7:?:5-,

3-r;.

ho

£L.83,00

EL 75.00

t
q

_y 8059

717m

EL 72 50

e | K




Table 2-32 Calculation of Discharge Volume

H s | n |8 P A R |[f '-:-;-- v Q
15.5 | § |-3.5{2.636 | s.082| s.115 |0.810 |3.167 | 3.310 | 13.6
76.0 3.0 2,419 | 6.821 | 6.433 {0.943 |2.568 | 3.548 | 22.8
76.5 -2.5|2.246 | 8.205 | 9.331 [1.137 |2.001 | 3.838 | 35.8
77.5 -1.5 11,955 110.530 | 16.337 |1.560 |1.9% | 4.292 | 6.7
78.0 -1.0 [ 1.823 | 11.584 | 20,023 [1.729 | 1.145 | s.456 | 89.2
79.0 0 [1.571°13.606 | 27.939 | 2.054 | 0.910 | 5.682 | 130.8
80.0 | 2.5 | 1.0 1.318 |15.627 | 35.855 | 2.294 | 6:785 | 4.819°|172.8
81.0 2.011.047 17,794 | 43.245 | 2.430 | 0.727 | 4.387 | 211.3
82.0 3.0 0.723 | 20.390 | 49.446 | 2.425 |0.729 | 4.884 |241.5
82.2 3.2]0.643 | 21.024 | 50.456 | 2.400 [ 0.739 | 4.872 | 245.8
82.4 3.410.555 [21.234 | 51.359 [ 2.363 | 0.755 | 4.854 | 249.3
82.6 3.610.451 | 22.564 | 52.132 | 2.310 | 0.778 | 4.828 [ 251.7
82.8 3.810.318 {23.632 | 52.737 | 2.232 | 0.814 | 4.786 | 252.4
82,9 3.910.224 124.379 1 52.953 [ 2.172 | 0.844 | 4.753 | 251.7
8.0 } | 40fo  J26.172]53.022 | 2.028 | 0.925 | 4.666 |247.7
85.0| 4.5 6.261 | 332.3
86.0 | 5.5 6.921 | 367.3
88.0] 7.5 8.082 | 428.9
90.0| 9.5 9.096 | 482.3
92.0 | 11.5 10.008 | 531.2
95.0 { 13.5 10.844 | 575.5
96.0 | 15.5 11.619 | 616.6
98.0 [ 17.5 12.346 | 655.2
100.0 | 19.5 13.032 | 691,7
102.0 | 21.5 13.685 | 726.3
104.0 | 23.5 14.307 | 759.3
105.0 | 24.5 14.608 |775.3 -
106.0 | 25.5 14.903 | 790.0
107.0 | 26.5 15.192 | 806.3
108.0 | 27.5 15.476 | 821.4
109.0 | 28.5 15.755 | 836.2
110.0 | 2.5 16.029 | 850.7
111.0 | 30.5 16.299 | 865.0
112.0 | 31.5 16.546 | 879.1

—i114—
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() B0 B SREAS
2) RARBUZHKAS (h)
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10 o491 (ms)
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f, = 160X sin(63.435°) x ( 0016,/0.15 ) = 0072

) 0.4942
== ————— = 0.0
hy 0.072 X 2 x 98 0.0¢09m

¢) FENFBIZX5AEKE (h:)

{0 @ MEBHE%EER
V. EREOYHRE
6 = 244" 26" .
Ar = 90X090=8LOmw
A = 50X5.0=250m
- A Ay = 0309

: tl; = 0023

SELNY E4().0 : P
vy =i
* 50 X 5.0 00 m/s

: : & 2
hy = 0.023 x£99—=0.003 m
T 2X98

) RACHEY SREAE (b))
%h.Zh.'—*l- by + ib.
= 0.002 + 0.00! f+ 0.003
= 0.006



2} KEBRBEBU ZREKE
a) BEARKZHREAF (h,)

B
hy = Py

f: BEEE

124 5nt
f= D3

L i H&BEREE (m)
D:& % &#(m)
V:BRPHKEE(m )
n:EELEH= 0012

[~ ﬂ
No. | D (a) £ V (=/s) 7e L@ b, (=
1 5.0 | 0.0016 | 2.037 0.212 | 11,690 0.004
2 Sig“:;s 0.0019 | 2.631 | 0.353 | 12,055 | 0.00s
3 3.8 0.0022 | 3.527 0.635 ] 3.032 0.004
4 | 3828 o coze 4.974 1.262 | 12.055 0.040
(3.2) '
5 2.6 0.0031 | 7.534 2.896 | 10.950 | ¢.093
Tota C 0,154




b) HiE NI K SHEAKE (b))

hs*_'- fﬁ.

H
Ve

2g

fo : FSBBREER
V: ! ¥BGROTPHEE (0 )

No. o | o | 0y | A @) 46D | aa ] teb | vyters) | by @)
1 {s°42'38"{ 5.0 | 3.8 | 19.635] 11.341] 0.578} 0.001| 3.527- | o.001
2 Isc42'38"| 3.8 | 2.6 | 11.381 5:309] 0.468] 0.001] 7.535 [ 0.003
Total 0.004
c) MDD EBELAS(b,)
hnzqufnx!i
2g
fu: BEDORAREEPEBREDEOR (/DI E ST
REIBREEH
fw: EEDEMNDDLE 0OBEOBRE EhOH 90DES
DHEXON
Vo BN HKE
No o |'p Ae [ £ v ve h
L] R —— c
_ : il R bl b2 2g
1 13.000f 4.453°07'48"} 0.139] 0.768} 2.631| 0.353} 0.038
2 13.000] 3.2 | 53°07'48"] 0.134{ 0.768| 4.974} 1.262] 0.130
Total 0.168
]
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d) KEBBIZBD2HEAR (hy)
ht = h. + h} + h'

0.15% + 0.004 + 0.168

ll

= 0326
3 BoknizBi3 2HEEKE (hy)
2) BEBAHO B EHAAT (b,)

=11’

f.  BE#EX&RR

Vi (2EBIOFHRE (/s ) = 2000 s
A Ay L RESIBRDOREK

Ay << A XD £, =1

20000
2% 08 0205 m

b) ZKODEEKSE (hy )

hy = h, = 06.204m

{5} BERIAH
BRAMMZB3 55X (m) 0.006
KERW « ” 0.326
—&’uka' " - 0204 |
ZDRDELKE (m) 0.16 4
it (m) ~0.70
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Fig. 3-3 Stability Calculation of Overflow Section

during Normal Hish Water Level
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Fig. 3-4 Stability Calculation during Flood
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3.8.2 BANABORE
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Table 3-3 'Iﬁcrementleecréments of Benefits and Co%ts

(untt : 10° 13)

Intetngl Diameter b (=)
30 | 40 | s.0 | 6.0
in benetire, ap | W | e o | e
::czzzi:fsldeczgge"tf 117 65 | o | =&
AB -~ AC =191 -25 1} -38

(Internal Qiameter of 5.0 m was used as the standard)
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Relationship between Internal Diameter of Pipe

and AB, AC, and 4B ~ AC

Figc 3"6
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Table 3-4 Head Losses

Case bDiameter (m)
Loss - 3.0 4,0 5.0 6.0
Head loss at intake 0.005 | 0.005 | 0.005 | 0.005
Head loss at penstock 0.826 | 0.470 b 0.326 | 0.255
Head loss at outlet 0.204 0.204 0.204 0.204
Other head loss 0.065 | 0.065 { 06.065 | 0.065
Total 1.100 0.744 0.60 0.529
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Fig. 3.g Relationship between Internal Diameter
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Table 3-5 Varfations fn Head Losses

Internal Dlameter (m) Head Loss (m) AH (a)
3.0 1.100 -0.500
4.0 0. 744 ~0.144
5.0 0.600 0
6.0 0.529 0.071

3CHRUEREE > CRO L EEOME JBEE S — 6 iR T,

Table 3-6 IncreasefDecrease in Benefits

Internal Diameter

D (m)
Unit - ;
3.0 | 40 | .0 6.0
B4 - -0.500 | -0.144 0 0.071
AKWh 10°xh -1494 | -430 0 212
ARV KW - | 49 0 24
Ah x 0.190] 1073 286 | -82 0 40
AXW x 190.20 103u3 ~24 -7 0. 3
AB 1043 -308 -89 0 53
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Table 3-7 Pipe Thickness and Iron Pipe Wefght

26,777

Section (a) 0 11,690 [23.745 38.832
~11.690 |v23.745 {726,777 |~38,832 | v49.782
sec“°?:; Plstance) 11,690 |12.055 | 3.032 [12.055 | 10.950
dia. (m) 3.00 |3.002.6 | 2.6 2.6 2.6
t  (wm) | 10 10 10 10 9
D=3.0 ,
W' (t/m) 0.738 | 0.7225 | 0.713 | 0.701 | 0.619
W) 9.835 | 9.963 | 2.464 | 9.634 | 7.727 | Eu=40
dla. (m) 5,00 [4.003.4 | 3.40 |3.4002.6| 2.6
t (=) | 12 12 11 1 9
D=4.0
N' (t/m) 1.180 | 1.092 | 0.919 | 0.839 | 0.619
¥ (o) | 15.725 {15.007 | 3.177 [11.530 | 7.727 | £w=s3
dia. (m) 5.0 s.6v4.4 | 4.0 |a.4n2.6] 2.60
_ t () |15 15 12 12 9
D=5.0 ,
W' (t/m) 1.843 | 1.641 | 1.150 | 0.989 | 0.619
W () | 24.561 |22.552 | 3.975 |13.592 | 7.727 | zw=72
da. (m) 6.00 }6.008.4 | 4.4 4.672,6} 2.80
t (m) | 17 17 13 13 9
D=6.0
W' (t/m) 2.507 | 2.173 | 1.406 | 1.150 | o0.619
W (t) | 33,410 |29.863 | 4.860 ([15.818 | 7.727 | su=92
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Table 3-8 Volume of Concrete
Internal Diapeter (m) Ac (ml) Volume of Concrete (ma)
3.0 17.931 702
4.0 23.434 917
5.0 29.365 1149
6.0 ’ 35,726 13159
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Table 3-9 Iron Pipeline Construction Cost

{Unit : 103 M$)

Internal Diameter D ()
3.0 4.0 5.0 6.0
Construction Cost 1194 1563 . 2034 2617

B3-9kHEsEBRINBOBEERT,




Iron Pipeline Construction Cost (10° M)

3,600

2,000

1,000

Fig. 3-9 Relationship between Internal Diameter
of Pipe and Construction Cost
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Internal Diameter D ()
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Table 3-10 Increase/Decrease in Construction Cost

Internal Diameter Iron Pipeline increase/Decrease in iron
(w) Construction Costs | Pipeline Construction Costs
3.0 1,194 -840
4.0 1,563 471
5.0 2,034 0
6.0 2,617 583

BITCHEUREREL > CROLERERDIR JCEFR 23— 11 LR T,

Table 3-11 Increase/Decrease in Annual Costs

Internal Diameter (m) AC (103 us)
3.0 -317
4.0 -65
5.0 0
6.0 81
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Divefsion Tuanel | Sluice Diversion '
Iten Hethod f Method | Remarks
Features Dia.‘ﬁ mx | Sheet Pfling &
Lebgth 295 m - |  Diversion Outleét
. . el » ‘2 months + Two sfage
Ponstﬁucgion Time 1 ?onths : 3 months Constrection
Cost (M) ! | 1,153,000 5,078,000
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Table 3-13

Comparison of

Coffering Method According to the Conditions of River

gndftion Coffering Difficulty Construction
Scope Cut-0ff of Work Time ' Cost
Method
Coffering JAs river-bed| Can be None Short Rot expensive,
with width is expected constyyction | but. danage
earth swall, perfod by flood
improper. heavy.
Acceptable
only for
dovnstream
secondary
coffering i
X O O o O
Coffering |Possible, Excellent | Uteost care | Relatively High cost
with though is néeded to} long as ' o
concrete |Jvery limited demolish demolition
allowance concrete of concrete
when width placed in takes time.
of water advance on
way is the right
considered. bank.
A o 4 X A
Coffering fConditions Instde Depth of Short | High cost
with favorable filling silted construction
sheet than for earth, deposition, | period
plle concrete. etc. must | grafen size, | possible.
be etc, are
consldered | considered,
0 © 4 (e 4
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Table 3-14 Calculation of Discharge Volume

Water : Séctioﬁal Hettéd Hydrau- | Hydrau- | Flow Bischarge
Depth Area - |pertmeter| llc lic . | Veloc- |Volume
- : _ Radius | Gradient | {ty 3

h(@|? ] A D) S (m) R (=) 1 | v efsec]o w?isec
1 25.6 25,3 ° 27.2 0.93 | 1/1000 0.75 19.1

2 2.2 Fs12 | 283 1.7% " 1.15 | ss.3

3 26.8 | 7.7 31.5 2.47 o b 1.as 2.2
3.5 |22.1 ] 91.2 32.0 2.80 " 1.57 |183.2

& | 27.4| 104.8 33,7 | 3 " 1.68 |176.5
8.5 | 27.7 | 1186 . | 348 3.60 | ™ 1.79 | 212.4

s 28.0 | 132.5 35.8 3.70 n 1.89 |250.6
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Teble 4-1 Description of Projects

Iten ~{ Unfe Upper Tekat Lower Tekai
Type ' - - Réckfill dam with im-|Concrete gravity
perious centre core |dam

Danm Height = 101 38
Crest Length a 350 160

Dem Volume 1 =3 3125000 56,900
Effective Depth | m 10 4.5
‘Installed Capacity W 150 5.8
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Fig 4-1 _Construction Schedule, Tekai Hydro-electric Power Development Proiect

Description of Works Unit’ Quontity t9o84 19856 1986 1987 I 988 1989 1990 199l
(Upper Tekat) ' % © @[g, B El’ |
_ | _Access Road L.S . - | At = e
Preparation Temporory ~Facilltie s L.S I = $9 N Iy
- Excovation m3 57.700 o= R B ﬁ.|‘3_*ﬁ I I O
Tunnel Excavation m3 56.000 . e &) ] 818 ol 1
Diversion Linning Cancrete | m3 16.500 1~ oI 4 ‘
Coffer Dam m3 | 357.900 ] ¢ B i 11
Others L.S I t i ““} ©
Excavation m3 | 442000 ! 9 | ]
Embankment m3 | 2795000} i 'S °
Dom Grouting L.S I £ ! —]
Others L.S | gr RS I e s o e et |
£ xcavatjon m3 | 283000 o Il ¢ o ; |
Spiltway Concrete m3 48450 < : ] { ]
~QOthers L.S | H s e e e e A B O i
intake L.S i o |
Penstock L.S | \
Other Structwres I oower House, Switch Yord | L. S T - — —5 |
Others LS | B — 1
Generating Equipment L.S | ¥ ’
(Lower Tekai )
- Access Recad L.S I N
Preparotion Temporary Facillties L.S I B B ~ J’ ] j 1
(ist)|L.S i | |
Sluice Diversion (2nd) | L. S l nE - | |! _|ere
- Others L.S i -HF R LT T
£xcavotion m?3 42300 N . ol 1—rtoto _
Dom Concrete m3 56.900 I < —— —3
Grouling L.S [ 1 ] — y il
_____ Others L.S | 1 i3
Intoke L. S ] lr_ 1]
Other Struclures Penstock L. S | -1 1 i T" 1
Power House, Switch Yard l..S i N o1 I I T ugﬁ"
L Others L.S i g I e
 Generating Equioment L. S | - e
JAPAN INIERN-\!II.?#;OL Cﬁﬁgﬁﬂlll{m AGEMCY
ALY Hagyoro-cueerne
CONSTRUCTION SCHEDULE
reuat 4 -1 |
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Power House

Description of Works Quantity 10 9 110
Preporation Temporory— Rood x @
i Temporary — Facilities l
Open Excovotion 57.700 ggégﬁj“"*" Y _§
Tunnel Excavation 56.000 ___{Outllet —0 s
Linning Concrete 16.500 ; S
Diversion Outlet Structuve 29 ki : : o
Access Tunnel 246 I -9 i
Others i ; Srogting
Coffer Dam (1st) 27.500 - ! "—-F‘E
Coffer Dam (2nd) 330.400 4 ]
£ xcavation 442.000 g : -
bem Body Embankment 2795.000 g ! L
Curtain Grouting 3.300 | '
Others i !C
E xcaovation 283.000 (]
Spiilway Concrete 48.450 !
Others | i
E xcavation 33.000 !
intake Concrete 2.045 |r
Others | | |
Access Tunnel 150 41
Tunnel Excovation 39.300
Penstock Penstock 3.000
Concrete 14300
Grouting i
| Others i
E xcavotion 83.500
Concrete 30.000

Super Structutuve

Generoting Equipment

Switch Yard

Others
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