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3.

Correlation of Dlscharge Data

‘Bedukan G/S - Tomboloi G/S
Bedukan G/S - Tampias
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Correlation of Discharge Data between Bedukan G/S and -Tor_nbo!oi G/S (19_7’0—19‘)"7)
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| Correlation of Discharge Data Between Bedukan G/S and Tampeds G/S (1977-1980)

Daily Mean Discharge at Bedukan G/S (m/s)
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4. Supplemented Daily Mean Discharge Data at Bedukan G/S
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Selection of Optimum é_lan in Chapter 6

(1) Saleable 'Energy of Alte;rnaﬁive Plans.

(2)- c§sh Flow of Benefit éost I;{étiq_qf Alt::ernative' Plgns
('3) Construction Cost éf Alzt'ernz_at';'ive_ Eflansz

' These Data relate to Table 92 in Final Report.
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2. seleckion of Oplirmum Plan

(] Sql_feabl@ Lneigy of AM

ema{we P/anﬁ

| _Sa,ééb]é EHG??Y_ o Mesilau & Carabau

Trme

.D.eman'd Energy Supplied [(M¥h) [)“ege]!
SRR Wax. - Annual © - Mesilau - Carabau )
Year | Demand | Energy |Shleable 299 kW Solenble 2,000 k¥ Crtwh)
- < [kH) - (M¥h) Used ‘Disch Used’ Bisch
199271 1,690 7.719 1,925 0 4,796 4,690 | 499
1493 1.920 8,921 1,925 0 5,589 3.896 | ), 407
1994 2.200 | 10,208 1,925 0 6,345 3.140°| 7, 933
1995 2.520 ) 11.583 | ° 1,825 b 7,036 2,449 | 2,422
1996 | . 2,740 | 12,943 1,925 0 7.614 1.871 | 3,404
1997 | 3,020 | 14,267 1,925 0 8.115 1,371 | 4,227
1998 | - 3.320| 15,715 | 1,925 0 8,579 806 | 5,27/
1989 | 3,840 [ 17,201 ] © 1,925 0 8.891 594 | 5,385
2000 3,930 | 18,958 1,925 ] 9,103 383 | 7,930
2000 | 4,220 | 20,320 1,925 0 9,213 212 |9, 762
2002 4,530 | 21,843 1,925 0 9,311 174 |rg 407
2003 4,880 23,494 1.925 0 9,390 95 |, /95
2004 5,230 | 25,204 | 1,925 0 8,448 37 )5 837
2005 6,620 27,084  1,925° 8 9,485 0 |/$45%
2006 5,960 | 28.71% 1.925 0 9,485 0 b7 306
2007 6,310 | 30,487 1,925 0 9,485 0 119,057
Total | 294.622 30,805 0| 131,887 19.878
§ R "Das];/f_oad
S | Naradaw N
3] Diverted Energy Morad
Rl - {7 i
- ol 4 ¥ - - [ oo - N .~ - ~ - /
13- " s Narwdaw S - caleable Energy . Capabl €
Q - o O % = -1"-."__ ,._I-.:"-_.-“-‘ T U \/
| : T odtput
ot i —— Energ y
O 2 4 6 & /O 2 /415 /8 20 z2 24

Min‘:mun;}l w@#éy kegui}émen“b okt +he rivelr between
Huwo wdakes and +he Towerhouse= is  asumed To be

G 10 mS R dotal
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Saleable E nerg/

/\/amdaw / 220 KW

He= /& m
Demand ' Energy-Supplied (MWh),.ka
Hax. Arnnual Mesilau . Carabau
Year Demand [ . Energy o 0299 kW o - a2, 000 kWL
_ (k¥) {M¥h) TUsed Disch - Used Disch
2000 3,930 1 . 18,658 1,925 0 4,103 383
2001 4,220 20,320 1,928 anl 9,213 272
2042 - 4,530 21,843 | 1,925} - ), 9,311 174
2003, 4880 | 23,4844 1,928 - 0| 9,390 95,
2004 5,230 25,204 1,925 ' 0 "9,448 37
2005 5,620 | 27,064 | 1,925 Q1 9,485 0
2006 5,960 28,715 S 1,925 0 g, 485" 0
2007 6,310 30,467 1,925 8 . 9,485 0
2008 6,690 32,325 1,825 0. - 9,485 0
2009 7,100 34,297 1,925 0 9, 485 0
2010 7,590 36,585 1,525 0 _9 4385 -0
2011 7,860 37,902 - 1,925 ] 9, 48% 0
2012 8,150.| 39,267 1,925 0| 9,485 0
2013 §,440 40, 680 1,925 it 9,485 0
2014 8,744 . 42,145 1,925 -0 9,485 0
- 2015 $,060. 43,617 1.925 § - 5,485 <0
Total 602, 883 30,805 0. 150 804 961
Demand - Energy. Supplied (M¥h)
; Max. Annual Naradawl Hydre
Year Demand Energy |[soleable 1,220 kW Total Diesel
(kW) (MWhM Used Disch Used
2000 3,930 | 18,958 | .3.982 |  3.236| 15,010 3,948
2001 4,220 20,320 4, 507 2,712 15,645 1 - 4,675
2002 4,530 {- 21,843 5,054 2,165 15,291“ ~B,55%2
2003 4,880 23,494 5,582 1,637 - 16; 897 6,597
2004 5,230 25,204 6,014 1,205 17,388 7.816 )
2005 5,620 | 27,064 6.322 896 | 17.733 |.. 9,331
2006 5,960 | 28,715 6,533 685 | 17,944 | - 10,771
2007, 6,310 30,467 6,710 © 509 18,120 12,347
2008 6,690 32,325 5,860 . 358 18,271 .14;054
2009 7,100 | 34,297 | 6,884 234 | 18,395 | 15,902
2010 7,590 36,585 1,092 126 18,503 . 18,082
2011 7,860 37,902 | 7,148 78 | 18,551 19,351
2012 8, 150 39,267 7,180 3% 18,590 '20;57F
2013 3,440 40,680 7,208 13 18,616 . 22,064
2014 8,740 | - 42,1456 7,218 ] 18;529- 23,516
2015 9,050 43,617 ] 7,218 0 18,629 24,988
Total 502,883 | 101,603 13,893 283,212 | 219,671
54,962
166,568
Average for 25 yrs (“500y) 6,663
Avergge for |byrs (265-) 6350
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Avergpe for 18 yr (2885) 6,892 |

AP4 - 19

Saleable  Energy Naradaw 1,700 KW
B ‘Demand Fnergy Supplied (MWh)
- o Max. Annual Mesilau’ Carabauy
Year Demand | Energy 299 kW 2.000 kW |
S (kW) (M¥h) Used - :Disch Used Disch
2000 | 3,930 18,958 1,925% 0 9,103 383
2001 | 4,220 20,320 1,925 0 9,213 272
2002 4,539 21,843 1,925 0 9.311 174
2003 | © - 4,880 23,494 ) 1,925 ] 3,390 95
2004 5,230 26,204 © 1,925 0 9,448 37
2005 5,620 27,064 1,925 0 9,485 0
2006 5,960 28,715 1,925 0 - 9,485 i
2007 1 6,310 30, 467 1,925 0 9,485 0
2008 6,680 32,325 1,925 0 9,48% 0
2009 7.100 | 34,297 1,925 0 9,485 0
2010 7,590 | 36,585 | 1,925 0 9,485 0
2011 7,860 37,902 1.82% |- 0 9,485 0
2012 -8, 150 39,267 | 1,925 0 9,485 H
2013 | ¢ 8,440 40,680 | 1,925 0 9,485 0
2014 §,1740 " 42,145 1,925 ] 9,485 il
2015 9,050 S 43,617 1,925 ] 9, 485 it
- Total h02,883 3, 805 0 150, 804 961
- .Demand .. ‘Energy Supplied (MWh) »
Max. - [ Annual . Naradaw3 tiydro -
Year. Demand Energy |Saeable 1. 200 kW Total Diesel
Lo ke . (MWh) Used Dlsch ‘Used : :
2000 - 3,930 18,958 | 4,493 © 3,253 15,525 3,433
2081 | - 4,220.f .:20,320 5,039 © 2,712 16,177 4,143
2002 4,530 1 21,843 5,597 2.15b4 16,834 5,009
2003 4,880 23,494 6,138 1,614 17,451 6,043
2004, 5,230 25,204 - b, 867 1,184 i7,841 7,263
200% - 5,620) . 27,064 5,875 375 18,286 8,778
2006, 5,930_ 28,715 .. 7,087 564 18,498 10,217
2007 6,310 - 30, 467 1,260 491 18,671 11,796
2008 6,690 32,325 1. 7,408 342 18,819 13,506
2009 T,10000 . 34,2971 7 7,%30 221 18,940 15,3517
2010 7,990 36,585 7,634 117 19, 045 17,540
2011, 17,860 37,902 7,680 71 19,090 18,812
2012 | 8,150 38,267 |- 7,716 34 18,121 20, 140
2013 © 8,440 40,680 ST, 142 9 19,153 21,527
2014 ‘ 8,?40;_' 42,14% 7,751 0 19,161 22,984
2015 9,050 - 43,817 1,750 ) - o 0 19,161 24,456
- Total 502,883 110,270 13,742 291,880 211,003
69,759
T 180,029
Avergge for a3 yrs. (ZSZoa) 7,201



Saleable

- Energy

| Na‘r’adaw -/, 6001047“

He = IrTC? m
Demand “Energy . Supplled [MWh)
| Max. Annual Mesilau-: .- Carabau ,
Year . Demand Energy’ 299 kW . e 2,000 KR
E : (k®) {M¥h) Used Disch | Used Disch
2000 3,930 18, 458 1,924 0 9,103 383
2001 4,220 20,320 1,925 | 0. 9,213 212
28472 4,530 21,843 { 1,82% 0 9,311 174
2003 4.880 | 23.494 | - 1,925 o 9,390 9%
2004 5,230 25,204 - 1,925 H] 9.448 37
20056 5,620 27,064 1,925 S0 9,485 0.
2006 5,960 . - 28,715 | 1,925 0| 9,485 | 0
2007 6,310 30,467 |- 1,925 ] 9,485 By
2008 6.600 | 32,325 | . 1,925 0| 9,485 | 0
2009 7.100 | 34,297 | 1,925 0 g 485 | e
2018 7,590 36,585:). . 1,925 0t 9,485 G
2011 7.860 [ 37,802 1.925 . 0| 9.485 0
2012 8,150 |- 39,267 | . 1,925 ¢{ . 0 ‘8,485 fO;
2013 8,440 | 40,680 1, 82% o 9,485 0.
2014 8,740 42,145 1,925 |- 0 9,485 H
2015 §,050 43,617 1,925 | 0] 9, 485 {
.  Total 502,883 - 30,805 i) 150 804 961
._Demand Energy'supplied_{MWh)
: Max. Annual - NaradawZ - Hydro&
Year Demand Energy |Saleable 1,600 kW " Total | Diesel
: (k®)] - (MWh) Used | Disch Used - .
2000 © 3,030 18,958 4,806 4,885 | 15,834 3,124
2001 4,220 | 20,320 5,446 | ~ 4,245 | 16,585 3,735
2002 4,530 © 21,843 6,137 3,573 17,354 4,489
2003 4,880 23.494 | 6,802 “2,888: ] 18,118 - 5,376
2004 5,230 ©25,204 T,437 %) 22254' 18,811 - 6,393
2005 5,620 27,064 B.044 | 1,646 ',19;{55; _? 6509
2006 5.960 28,7158 8,437 1, 253.-'719;848 8,867
2007 6,310 30,467 8,733 . 957 |1.20,144 | 10,323
2008 © 6,690 32,325 8,968 S 723 20,378 711,947
2008 7,100 34,297 8,157 533 20, 568? 13,1729
2010 7,590_ - 36,585 9,337 ‘354 20, 747f 165,838
2011 7,860 | 37.902 | - 9,420 271} ©20,830:) 17,072
2012 8,150 39,287 9,491 : 199 20,902 18, 355
2013 - 8,440 40,530 9,656 © 1367 20,9656 19 714
2014 8,740 42,145 9,608 83 '21 018@ 2,127
2015 9,050 43,6117 5,649 . 4} 21,0640 ~22, 887
Total 502 883 131,009 24,041 312 618 190 2656
857,210
| 218,219
Average Sor 25 yrs (207800 8/727

Averoge fo- /8 yrs (2028 &) §,189
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Saleable Lnergy Naradaw  2Z.000K¥
He = 170 m
- Dehand . Energy Supplied (MVWh)
Max. = ‘Annual Mesilau Garabau
Year ‘Demand | Energy 299 kW 2,000 k¥
(kW)| . (M¥h) Used | . Disch Used Disch
2000 3;9303_ 18,9568 1,925 : {i 9,103 383
2001 4,220 1 20,320 i.925 0 9,213 272
2002 4,530 | 21,843 1,925 0 9,311 174
20063 4,880 { 23,494 1.92% i 9,390 95
2004 1 - 5,230 25,204 1.925 o 9,448 37
2005 | . 5,620 -27.064 1,92% 0 q, 485 0
2006 . 5,960 28,715 1,925 -0 9,485 0
2007 6.310 30,467 1,825 0 9,485 ¢
2008 6.690 | 32,325 1,925 0 9,485 0
2008 7. 100 34,297 1,925 0 9,485 D
2010 -7,590 36,585 1,925 0 © 9,485 ]
_2011. . 7,860 . 37,802 1,925 ] 9,485 ]
2012 8,150.| 39,267 1,925 0 9, 485 0
2013 8,440 40, 680 1,925 it 9.48% ]
2014 | 8,740 42,145 1,925 o 9,485 0
2015 ¢ - 9,060 43,6117 1,925 0 9,485 0
' - Total 502,883 ] 30,805 01 150,804 961
B Denand Fnergy Supplied {M¥h)
: _ Hax. _ Annual ‘ Naradawd ‘Hydro
Year Demand | - Energy {Saleable 2,000 k¥ | Total Diesel
o (kW) (¥Wh) Used Disch . Used
2000 ©3,938 ) 18,958 4,832 6,409 15, 959 2,999
2001 _4;220..7 20,320 h,622 5.719. 16,761 3, 559
S 2002 | 0 4,530 | - 21,843 6,344 4,997 17,581 4,262
20037 4,880 23,494 7,680 4,261 ~ 18,395 5,099
2004 =~ 5,230 ] 25,204 7,815 3,526 19,188 6,016
200% - 5,620 ). 27,064 . 8,565 2,176 19,975 7.089
2006} - : 5,960 28,715 9,180 2,16} 20,590 8,125
2007 6,310 30,467 9,707 1,634 21,117 9, 35%0
2008 .5, 69D -32,32% 10,093 1.248 21,504 10,821
2008 | - 7,100 34,297 | - 10,380 961 | 21,791 | 12,506
2010 7,590 | .. 36,585 10,639 702 22,049 14,536
2011 7,860 37,902 - 10,753 588 22,164 15,738
w2ﬁ12 §,150 39,1267 16,866 - 47% 22,2176 16,991
2013 C - 8,440 40,6380 14, 965" 376 22,376 18,304
2014 8,740 42,145 11,058 - 283 22,469 19,676
2015 1. - 9,050 43,617 11,133 208 22,544 21,073
o 1 . Total 502,883 145 131 36,325 326,741 176,142
(62,069
S ' o 2477, 200
Average Jor 25 ybs (Z25%4) 9,888
7 07/

| ﬁrgt%ge for 16 yis (2228)8)

AP - 21




Saleable bnei}? / )‘\/amd aur. Q&o@k‘w

| 1'70 m
Demaind _ L Enex?y Supplied (MWh)
o] Max. - | Ahnual Mesilau ' Carabau .

Year Demand Enetgy’ . 299 kW 2,000 kW
L (kW) (MHh) T““ﬁsed _ Disch | Used T  Disch |
2000 3,930 [ 18,958 1,925 [ _ o 79,103 [ 383
2001 4,220 20,320 1,925 | S0 9,218 0 272
2002 | - 4,530 21,843 " 1,925/ - ol 9,311 - 174
20037} - 4,880 23,494 | - 1,9251] 0 9,390 | - 95
2004 5,230 25,204 | 1,925 0 9,448 | 37
2005 | 5,620 | 27,064 | 1,925 o) 9,485} 9
2006 5,960 28,715 | - 1,925 0 9,485 [ 0
2007 B,310 30,4671 1,925 0 9,485 | 0
2008 | 6,690 32,325 |~ 1,925 0 9,485 | © 0
29009 7,108 34,297 1 - 1,926 g1 9,485 Q
2010 7,590 36,585 | - 1,925 0l - 9,485 0
2011 7,860 37,902 { - 1,925 el 9,485 0
2012 8,150 39,267 1,925 0. 9,485 | 0
2013 | - 8,440 | 40,680 1,825 01 9,485 0
2014 | 8,740 | . 42,145 1,925 0| . 9,485 0
2015 9,050 |~ 43,617 1,925 00 9,485 0]

“Total | 502,883 | = 30,805 | - 0' 150, 804 961
Demand "Eneérgy Supplied: (MWh) ﬂ
. | Max. ¢ | Annual - \}aradawﬁ || Bydro ™
Year Demand .| FEnergy |Saleable 2. 400 kW - | Total - Diesel
' o {kwy (MWL) USed _ Bisch : {ised. . L
2000 3,930 | 18,958 | 4,872 | - 7.780° 1 16,000 ] 2,958
2001 4,220 20,320 | 5,700 7.062:1 16,838 | 3,481
2002 4,530 21,843 | 6,469 ] 6,284 | 17,7051 = 4,138
2003 84,8801 23,404 7,248} 5,504 18,563 | - 4,931,
2004 | 5,230 25,204 | 8,000 | 4,752 19,373 5,831
2005 5,620 27, 064 8,788 3,965 { 20,198:|" 6,866
2006 5,960 28,715 | ~ 9,476 3,276 20,887 7,828
2007 . 6,310 30,467 | © 10,139 2,613 21,550 '~ 8,917
2008 6,690 | 32,325 | 10,766 1,986 | 22,.177°] 10,148
20609 7,100 34,297 | 11;245 | 1,507 22,655 - 11,642:
2010 7,590 36,585 | 11,622} ° 1,130:° 23,032 13,553
2011 7,860 |- 37,902 | 11,782 970 23,193 | 14,709
2012 8,150 | 39,267 ] 11,834° 818 23,345 | 15,922
2013 8,440 | 40,680 [ 12,061 | - 691 | "23,472:| 17,208 |-
2014 8,740 42,145 |- 12,180 - BT ?24 5911 18,554
2015 9,050 43,617 12,290 462 23,701 1~ 19,916
Total 502 883 | 154,671 ] 49,362 | 336,281 | 166, 502
14,1768
269,439

Average for 25 yrs Czem) 10,178

1516—*-%?9 for )6,yrs'(i‘°.§§/$) 9. 66T
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2. Selection of Optimum Plan

of Benejf?;t

g}nd 'CQDS:t :

(2)_Cb§h*}qﬂﬁb

- Input- Data :

[ Year of Start (o0l 1

Naradaw  P= [T1.270] kW

&f Alternotive Plans

" {Thousand ¥3)

n Year Naradaw‘ Diesel . Year
‘ N : Y Invest.] Invest.| kWh
Const. 0 1997 ¢ 1,060 0 1997
Const. 1 1998 1 6,360 . 349 1998
Const, 2 11999 | 3,180 349 | 1999 |
Opera. 3 2000 159 35 3,982 | - 2000
Opera. 41 2001 4,507 |~ 2001
Opera. . B 2002 5,064 2002
Opera;' 6] 2003 - h, 582 2003 |
Opera, 71 20044 6,014 1 2004
Opera. § 2005 6,322 2005
Opera. ‘9 - 2006 ‘6,533 2006
pera. | 10 2007 6,710 2607
Opera. |.© 11 2008 6,860 2008
{Jpera. 12 2008 6,954 2009
.4 Dpera. . 13 2010 7,092 20180
{.0Opera. 14§ 2010 7,140 2011
Opera. | __ 15| 2012 7,180 | 2012
_fe-Const|" 16 | 2013 1349+ 251 7,206 "2013
- Re-Const 117 2014 1349t 3% 7,218 2014
lpera. 18 1L - 2015 : 7,218 2019
Opera. 18 2016 7,218 1 .201%6
Cpera. - 20.]..-2017 1,218 2017
.'Opera.' 21 2018 7.218 2018
Opera. 22 - 2019 ‘T.218 2019
Opera. 23 2020 7,218 2020
‘1 Opera.: 24 2021 7.218 2021
Opera. 25 [ 2022 7,218 2022
Opera. 26 2023 L -T,218 2023
Opera. 27 2024 (59 351 7,218 2024
: (2) (3>
(Nafada) 4 ﬁoaavﬁ4#
1) t:o_n:.r;t. cost _zgg,éﬁzg AR B (2
(2) 0 & M Cost ] VH o dSF % = i) X 0.015 =/89 N
g ER4 . _
() Energy Me _____ 7-2 % X 10 kih
(4) Firm power % 2"
(Digsel)
(5) ‘Inst. capacity 800 Wi e 4y X125 =400 %).25 = £OO
(&) Const. cowt 598 % = (5) X 1,39F Ms/xu D
<ff)' 0 & Meost  ____ 3 Sj_' .# = (8) X 0,05 <)
(8 Fuel cost 4260 & = (0 xo.qqfo ﬁ;éa M%7/ kWb a4
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p=

T«

Benefit Cost Ratio Calculation : Naradaw
' {Thousand M$)
E -Cost Stream Benefit Stream.
" Year n [I/1.1'n ~Naradaw Alternative (Diesel) :
' ’ Invest. ¢ Value| Invest.] Fuel | Total B Value
19957 0 1.600 | 1,060 ) 1,060 0. LN R N R
1998 1 0.909.] 6,360 5,782 349 0 349 | .317
1999 2 1.0.826 1 3,186 2,628 349 4 - @ G349 283
2000 3] 0.751 159 119 35 697 | - .132 B50
2001 41 0.683 1591 109 i35 | 789 824 | ' 563
2002 ] 0.621 - 159 99 - o35 . 1884 919 571
2003 61 0.564 159 99 35 09770 1,012 [ 0 571
2004 7] 0.513°| 159 82 35 ] 1,052 | 1,087 558
2005 8 0.467 159 741 . 3% | 1,106 ) 1,141 532
20086 91 0,424 159 67 35 ] 1,143} 1,178 2500 -
2007 10| 0.386 159 | 61 ) 35 f 1,174 1,209 | ' 466
2008 11 0.358 159 56 35+ 1,201 ] 1,236 - 433
2009 12| 06.319 169 51 36 | 1,222 | 1,257 | 401
2010 134 0,290 ¢ 159 46 35 | 71,240 {0 1,276 [ 370
2011 14 1. 0.263 159 | 42 36 [ 1,260 1,285 338
2012 15 0.23% 159 38 36 1,257 01,292 | - “309.
2013 16§ 0.218" 159 35 384 | 1,261 | 1,645 | - '358:
2014 171 .0.198 i 159 31 384 | 1,263 1 1,647 | :- 326
2015 181 0.180 ¢ 159 29 35 | 1,263 | 1.288 ] 233}
2016 19| 0.164 159 | 26 35 | 1,263 | 1,298 ] 212
2017 22001 D.1449 159 - 24 3b. 01,263 | 1,298 | 193
2018 211 04135 159 a1 U35 ) ‘1,263 1,298 175
2019 22 1. 0.123 | 159 20 s5[ 1,263 | 1,208 1 ‘159
2020 23 | 0.112 159 18 35 | 1,263 | 1,298 . 145
2021 241 6.102 1843t 113 350 1,263 1,298 132
2022 25 0.692 159 15 } - 35 {-1,263 | 1,298 120
2023 26 0.084 15§ 134 35| ‘1,263 1,298 109,
2024 271-0.0786 159 12: 35 11,263 1 1,298 859
"1 .Total 10,663 - o ].9.029.
[Be ] lIIIIIIIﬂ
BT
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KW

Input Data : ~Naradaw P
| Year of Start (nQU) 1 :
o - o : . _(Thousand M$)
n Year aradaw Diesel . Year
L e B Investit Invegt.| k¥Wh
Const. 0 1997 1,020 o] : 1997
Const, 1 1998 | 6,120 488 1998
Const. | -2 1989 3,060 488 | - - ~1999
Opera. 3 2000 163 49 1 4,498 2000
Opera. [ 2001 ' ‘5,039 2001
Opera.. ] 2002 5,597 2002
Opera. 6 2003 6,136 2003
Opera. 1 204 6,567 2004
Opera. 8 2005 6,875 2065
| Opera, 9 | 2006 7,087 1 2006
Opera. 10 2007. 7,260 2007
Opera. 11 2008 7.408 2008
Opera. 121 2009 7.530 | 2009
Opera. i3 2010 7,634 2010
Dpera. 14 2011 " 7.680 2011
pera. 15 2012 : 7,716 2012
Re-Const 16 ] ~ 2013 488+4q | T.742 2013
le=Congif - A7 2014 491 7,751 2014
{Opera. 18 L2415 [} 7.7581 2015
Opera. - 19 2016 7,781 - 2016
Opera. 20 {2017 71,7561 2017
Opera. 21 2018 1,161 2013
| Opera. - 22 2019 7.7581 2019
Opera. 23 2820 71,751 2020
FOpéra. - 24 C2621 7,781 2021
Jpera. 25 2022 7,761 2022
Opera. 26 2023 = 7.751 2023
Cpera. 271 2024 /53 491 1,151 2024
: : (2> 32
(Narada) 4 000 Mﬁ
(1) Const. toat L0200 % N3
(Z) 0 & M Cost l 483 % = (1) X 0,015 N
L s Capanie . 6
(3) Energy ’ 7T s % 10 kun
{4) Firm powe.r | S0 wu
(Diesel)
(5) ‘Inst. capacity ___ 700 ku = 4> x 125 = $60 %25 = 70U
(6) Const. cost 976 k= (52 X 1,398 M$/ku 3
(7) 0 & M cost .. 49 % = (B X 0.05 (D
(8) Fuel cost %7 S S ¢} xoﬁ'[j; Q. 18 M /Kb INCY

AP4 - 25




Benefit Cost Ratio Calculation : Naradaw  P= 1,200 ] kW .
L L {Thousand M%)
. Cost Stream Benefit Streanm N
Year /LU e . Naradaw . ~Alternative {Diesel) =~ . =
. | Invest.[ C Value Tnvest.] Fuel | Total’ | B Value
1997 o r.o00 | 1,020 1,020 ) o 0 0
1998 1]-0.909 | 6,120 5,564 488 -0 488 444
1899 2 { 0.826 1 3,060 ] 2.529 488 0 488 403
2000 31 0.751 153 ] 115 49 [ 787 836 628
2001 4] 0.683 153 105 49 7 882 931 636
2002 51 0.621 153 95 49 ... 979 | 1,028 638
2003 61 0.564 153 86 49| 1,074°F 1,123 F 634
2004 1) 0,513 153 79 49 1 1149 1 1,188 1 - 816
2005 81 0.4867 | 153 71 49 | ©1,203 ¢ 1,252 |. 584
2006 9| 0.424°F 153 | - 6% 49 (1,240 | 1,289 | . 547
2007 1o 0.38% 153 ~ 59 49 |- 1,271} 1,320 509
2008 11| -0.350 153 54 49 1 1,296 |- 1,345 472
2009 12 | 06.319 153 49 49 1. 1. 3187 1,367 435
2010 13 0.290 | 153 14 49| 1,336 | 1,385 401
2011 144 0.263 | 153 40 49 1 1,344 ].1,393 367
2012 150 0.239F 153 |- - 37 49 1,350} 1.389 | 335
2013 6] 0.218] - 153 ] 33 537 . 1,355 | 1,892 | @ 412
2014 17 1. 0.198 153 0. 38 - 537°1-.1,356 1 1.893°} - 315
2015 18 1 0.180 1531 o2& 49 1 1,356 | 1,405 253
2016 19 ] 0.164 153 25 ~491 1,356 | 1,405 | = 230
2017 201 0.149 153§ 23 49 | 1,3586°{ 1,405 209
2018 217 6.135 153 21 49 1.356 | 1.408| -~ -190
2019 S22 4 ©0.123 153 19 49 |- 1,356 1,406 [ - 173
2020 23 | 0.112 153 17 49 | 1,356 | 1.405: 157
2021 241 0.102 1531 16 49 11,356 | 1,405 | 143
2022 25 1 .0.092 153 14 49 | 1,356 | 1,406 130
2023 26 | 0.084] . "153 13 49 | 1.356 | 1,406 118
2024 271 0.076 153 12 49 | 1,356 ¢ 1,405 | To7
Total 10,260 T . 110, 143
[ 0.:99]
B-C

e
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'.C{;z:sh Filow of Benefit and Cost

Input Data i  Naradaw p= [TTE00] kW
[TYear_of Start (o0l 1 - [I8871 |
- S ' e ~ {Thousand M3}
n | Year Naradaw Diesel - Year
- : i Invest.i invest.] kWh S
Const. 0| 1997 | 1,150 0 | 1997,
Const. -1 1998 6,900 488 b 1998
Gonst. .2 1999 3,450 488 e 1999
ngera. 3 2000 173 49 4,306 2089
 Opera. 4 200} : 5,446 2001
Opera. 51 . 2002 6,117 2002
Opera. So6p 2003 6,802 2003
|0pera. 7| 2004 7,437 1 2004
{pera.’} . - -8 2005 §,044 2005
Opera, | - 9 2006 8,437 2006
Opera, 10 2007 8,733 2007
| Opera.: AL ~-2008 8,968 2008
“{ Opera. 12 2009 8,157 . 2008
{Opera, |~ 13| 2010 9,337 | 2010
Opera. | 14| 2011 9,420 {2011
Opera. 15 2012 E 49 9,491 1. 2012
- Re-Const]. 16 ] . 2013 Lsi+ 2491 9,556 2013
Re-Const| 17 [ 2014 lams 49| 9,608 1 2014
Opera. 151 . 20186 ' 49 9,649 2015
Opera. 19 2016 ‘9,650 20186
‘Opera. 20 |, 2017 9,690 20117
Opera. 21 2018 - 9,690 2018
Opera. 22 2019 - $,696 2018
Opera._ 23 2020 9,690 2020
Opera.’ 24 ] 2021 - 9,690 2021
‘Gpera. 2h 1 2022 9,680 2022
| Bpera. 26 2023 ' . 9,590 2923
Opera. 27 2024 173 1 491 9.680 1 2024
z>  (3) :
(Narada) ¥* 000 Mﬁ
(13 Const. cost 25300« ' on bl
(2) O & M Cost 2773 % = (1) X 0.015 _al®)
o bl &
(3) Eneray gﬁizﬁkgﬂﬁ—c MH__EE:E + X 10 kWh
4y Firm powver _._._.‘é:.éQ.q kW
(Diesell
(5) Inst. capacity 700 ww = 4y X 1.25 = 56D x1.25 = 700
(6) Const. cost o Q7b % = (B X 1,398 M$/kw Y
(77 0 % M cost 49 = Ey X 0,05 %<
@ Fuel cost 1598 v = (3 XDATX 0. 18 ME/Lbh o Lo
AP4 - 27




Benefit Cost Ratio Galculé£i6n B Narédaw p= al 1,605 | kW
' (Thousand 4$

Gost ‘Stream’

“Fonefit Siream

§

AP4 - 28

Year n /1.1 n Naradaw ~Alternative {(Dissel) . . .
. Invest.! ¢ Value| Invest.| Fuel: | Total | B Valy
1997 0] 1.060] 1,150 1,150 0 0 0 0
1998 1] 0.909 [ 6.900 ] 6,273 488 0] 488 444
1899 2| 0.826§ 3,450 | 2,851 f 488 0] 488 403
2000 31 0,751 173 130 49 8411 890 669
2001 41 0.683 173 |- 118 - 49 953 | 1,002 | ' 684
2002 51 0.621 173 07,4 490 t,070 1 1,119 | . -695
2003 64 0.564 173 | 98 49 | 1,190 { 1,239 ] ‘700
2004 7] 0.513 173 89 49 11,3001 1,350} 693
2005 81 0.467 173 81 49 |- 1,408 | 1,457 | 680
2006 9] 0.424 173 73 491 1,476 ) 1,52%. ~ 847
2007 10 | 0.386 173 67 49 11,528 [ 1,571 | 608
2008 11]0.350 | 173 61 49 11,569 | 1,618 567
2609 12 10.319 173 | 55 49 11,602 1,651 526
2010 131 0.290 173 50 49 | 1,634 { 1,683 |° 487
2011 14 | 0.263 173 46 49 ( 1,649 1,698 447
2012 15 0.239°1 173 41 49 | "1,661 | 1,710 409
2013 16 1 6.218 ) 1737 38 537 I 1,672 1.2,209 1 48L
2014 17 ] 0.198 173. 34 537 1 1,681 | 2,218 ] 439
2015 18 17 0.180 173, 31 49 ) 1,589 ) 1,738 ] 313
2016 19 | 0.164 173 |- 28 49.1 1,696 | 1,745 | 285
2017 20 | .0.149 1731 . 28 49 | 1,696 | 1,745 259
2018 21 [ 0.135 173 | 23 | 49 .1 1,696 | 1,745 | 236
2019 221 0.123 173 21 49 1'-1,696 | "1, 745 | 214
2020 23 1 0.112¢ 173§ 19 - 49 L 1,696 (- 1,745 | 195
2021 24:1 0.102 ] 173 18 49 21,6961 1,745 177
2022 25 1 0.092 173 16 49 {1,696 | 1,745 | 161
2023 26 | 0.084 173 | 15 49 | 01,896 | (1,745 146}
2024 271 0.075. 173 13 49 | 1,696 1,745} 133
Total 11,572 B 111,699
_B/C 1]
(127 ]



e T8

Input Data : Naradaw p= kW%
:'_rf"t’e"zjxr-' ot Start .(n‘w'{}) - _ _
. b ‘) : .. (Thousand M$)
n o Year Maradaw | ~ Diesel . Year
R s oo | Invest.| Invest.] kWh
Const. -0 1997 { 1,31¢ 0 1497
Const. 1 1998 |..7,860. 488 | 1998
Congt. 2 1999 1 3,930 488 f - - 19499
| Opera. 3 2080 197 49 | 4,932 1 2060
[opera. 41 2001 5,622 | 2001
 Opera.. 51 2002 - 6,344 | 2002
- | Opera. - B 2083 1,084 2043
Opera. 7 2004 7,815 31 2004
QOpera. 8+ 2085 | 8,565 3 @ 2005
Opera. { = - 971 2006 9,180 2008
Opera. 10 - 3087 . 9,707 20017
"1 0pera. 11 2008 10,093 2008
gpera. | 12 2049 10,380 2009
Opera. ' 13 { 2010. o 10,635 } 20190
(Opera, 2114 g1l 10,753 { . 2011
‘{Opera. | .. 151 2012 ] 10,866 § 2012
Re-Const] -~ 16 | 2013 | AR ¥49 [ 10,965 | 2013
he-Const] 17 2014, j488+49 1 11,068 2014
‘Opera. | 18 2016 . 111,133 2015
Opera.. ). 18 2016 ‘ 11,341 20186
Opera. | . 20| 2017 ] 11,341 2017
Cpera.i] - - 21 2018 11,341 20618 |
QOpera. | - 22 2019 1 111,341 2019
‘I Opera. | -~ 231 2020} - 11, 341 2020
Opera, | . ‘24 | 2621 | 11,341 2021
Opera, |- ~.-2b 4 2022 11,341 ] 2022
Opera. { =~ 26| 20%3 . ' 11,341 2023
Opera., | ~~ 27 .)' 2024} /97 40 111,341 § 2024
a (2 (3)
.-:(N.a‘r.a'da) ¥ oo M#V
(1) Const. cost 23400« (22
(2) 0 &M Cost. e k@7 = (1) X 0.015 a2
C S Cct L 5
3 Energy __;Zj;__ # X 10 kWh
(4) Firm power 580 wu
{Diesel) .
(95) Inst. capacity _.____ZQQ,_. kW = (4> X /.25 = Séo %128 = J00
(6) Const. cost _92b. % = B X 1,398 Ms/kW (D)
(7) 0 & M cost .. 4% % =B % 0,05 (3
8 Fué_l cost __{;_f_l?_ * = (3) XDATX 0.18 M$/kWh LY,
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Benefit Cost Ratio Calculation : Naradaw i kW
s : : (Thousand M$)
Cost-Strean Benef1t Stream

Year . /1.1 “Naradaw = _ Alternative (Diegel) =
' : . V' Invest.i C Valuel Invest.| Fuel Total: 1B Value
1997 G ] 1.000| 1,310 i.310 | -0 . 0. o0 0
19938 1 0.909 7.860 | 7,145 488 | 0 488__‘-_414
1999 2 0.8261.-3,93¢0: 3 248 488 | 0 4838 403
2000 3 0.751 197 148 49 863 912Q-; . B85
2001 4] 9.683 197 135 49 984 | 1,033 | . 705
2002 51 00621 197 122 49 | 1,110 1,159 | 720
2003 6 D.564 197 111 49 1;233‘ 1,288 1217
2004 7 0.513 197 101 49 1,368 1,417 - 127
2605 8 0.467 197 92 49 1,499 1,548 722
2006 9| 0.424 197 84 49 | 1,607 ] 1,656 702
2007 10 '0.386 - 197 76 49 1.699 1}748;_. 674
2008 11 g.350 197 69 49 1;76§_‘“1;815- -”;635 
2609 121 0.319 197 63 49 | 1,817 | 1,866 ] 594
20190 13§ 0.290 197 57 49 1,862 {1,911 | . - 553
2011 14§ 0.263 197 52 49 1,882 '1“93L' .. H08
2012 15 0,239 197 47 49 1,902 11,951 A48T
2013 16 0.218- 197 - 43 537 1,919 |. 2,456 34
2014 17 0.198 197 39 537 1,935 42,472 4 489
2015 18| 0.180 | 197 365 | 49| 1,948 | 1,997 359
2016 19 o0.164 . 197 32 49| 1,985 | 2,034 333
2017 20°] 0.149 0 197 290 49| 1,985 | ‘2,034 302
2018 211 0.1351 197 27 $49°1°:1,985 | 2,034 275
2019 22 1 0.123 “197 24 49, 1;985 ;;2}034f 250
2020 23 10,112 197 | 22 49 11,985 | 2,034 | 227
2021 24 {0,102 ) 197 20 491,985 | 2,034 206
2022 25 | 0.892] 197 18 49 1,985 | 2,034 - 188
2023 26| 0.084] 197 17 491 1,885 | 2,034 171
2024 27 1 B.076 197 ~1h- 491 1,985 [. 2,034 155
'Total 13 181 . ' 12 758

AP4 - 30



Iﬁput Data :  'Naradaw = P= k¥

_-I'Year-of Start (n=0} |
L e RS _(Thousand M$)

n | Year {faradaw . Diesel | Year
o " Invest.| Invest.! k¥h
Const.. 0 1997 1 1,430 0] 1997
Const.. 1 1998 § 4,580 ] 438 ] 1998
. FConst. 2 1999 4,290 488 ‘ 1999
b Opera. -3 2000 2156 49 4,792 2000
Opera. 40 2001 - ' 5,700 2001
Opera. b - 2002 ] 6,469 |- 2002
‘Opera, 6 2003 1,248 . 2003
Opera. b 2004 : 8,000 2004
Opeéra. . 3. 2005 : 8,788 20056
Opera. 9.1 2006 ' 9,476 - 2006
Opera. 18 2007 : 10,139 2007
Opera.. 11.) -2008 18, 766: 2008
pera. 12 2008 111,245 - 2009
Opera. 13 2019 ' 11,622 ~2010
1 0pera. 14 2011 11,782 . 2011
Opera. | 16| 2012 11,934 [ 7012
- Re-Constl 16 13013 B 149 112,061 ] 2013
- Re-Const 17 1 2014. T49 112 180 2014
t0pera, | 181 2015 L 112,290 2015
. l0pera. §. 181 201% ' ‘12,7762 2016
VOpera. )} 201 2017 12,752 2017
f0pera. | . 21 2018 : 12,152 2018
Opera. . 22 2019 . _ ) 12,7152 2019
Opera. |’ 23 2020 ' 12,1752 2020
flpera. | 24 | 2021 12,782 1 28621
Opera: | 25 | 2822 _ 12,752 2022
: Opera.. |. 26 2023 - -1 112,752 2023
1 Opera, 274 2024 218 49112,752 2024
Lo - z) - (3 o
(Narada) _ ¥ Loo0 M# : .
(1) Const. cost _ H&2ﬂééﬁl * : ' D)
(Z) 0 & M Cost . 248 % = 1) X 0.015 ' (2
Capape . 6
(3) Energy W A28 % X 10 kuh
(4)'#irm pover o _HJ$232_ kW
fDiesel)
s> Ihst. .capa'city ' L0 kW s 4y X .28 = 5‘60 % 1.25 = 200
(8) Const. cost _G7b o w5 X 1,395 M3/ LD
(7) 0 & M cost 49 % = (® X 0.05 N
(8) Fuel cost 22200 % = (3) XDATX 0.18 M$/kWh D)

“““““““ P 19 it s
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Naradaw

Benefit Cost Ratio Calculation : m kW
NS s (Thouqand M$)
C Cost _Stream L Benef;t Stream
Year n jt/1.1°n ‘Naradaw . - - Alternative (Diesel) .

. __tInvest.] C-Value] Invest.| Fuel | Total |B Value
1997 .0 1.000 1,430 1,430 | S -0 to .0
1998 1} 0.909 ] 8,580| 7,800} 488" 0 438 | 444
1999 2] 0.826 4 2807 3,545 488 . . 0.] . 488 | ' 403
2060 3 6.751 2157y 162 49 839 | - 888 667
2001 4] 0.683 215 147 49" 998 | 1,047 | 115
2002 51 0.621 215, 133 49 ¢ -1,132 1,181 733
2003 64 0.564'] - 215 121 49 | 1, 268 1,317 744
2004 71 0.513.] - 215 110 49 | 1,400 | 1,443 | 744
2005 8 0.467 215 _190 491 °1,538 { 1,587 740"
2006 9|-0.424| - 215 91 49| 1,658 | 1,707 724 |
2007 10 | 0.386° 215 83 49 | 1,774 1,823 703
2008 11 o0.350f 218 75 49 1,884 | 1,933 678
2009 121 0.319°f 215 69 49 | 1,968 | 2,017 ] 643
2010 13} -6.290¢y 215 62 49.f 2,034 | 2,083 603
2011 14 6.263. | 215 57 49 | 2,062 2,111°. " Bh6
2012 151 .0.239 . 215 bl 491 2,088 4 2,137 b12
2013 16| 0.218 ] 215 47 537 | 2,111 ] 2.648 576
2014 17:1.-0.198 216 -43. 537 | 2.132.1- 2,669 528
2015 181 .0.180 2156, 39 49 12,151 2,200 396
2016 19 G.1564 215 35 49 | 2,232 2,280 373
2017 201 0.149 | - 21% 32 49 12,232 2,281 339
2018 21 0.135 ) - 215 29 49 | 2,232 | 2,281 | 308
2019 22 | 0.123] - 215 26 49 | 2,232 | 2,281 280
2020 231 0,112 215" 24 49 12,232 | 2,281 F255
2021 24 (- 0.102°} - 2% 22 49.17-2,232 2,281 232
20622 25 0.092 215 20 49 2,232 2,281 ‘zio
2023 261 0.084 <2157 18 49 12,232 | 2,281 “191
2024 a7 0.076 215 16 49 1 2,232 2,281 14

Total 14 388 ' : 13 470
|
B-C
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2. Selection of

Ortimum  Plan

( 3:) Constrecetion Cost of AH@“”‘I&‘\"Q Flans

Naradaw 1, zzola)

OPTIMIZATION AT MARADAW He = 7485M

Ql. Flan _ :
Installed Capacity
Maximum discharge
Construction Cost

02. Lavout
(1) Intake M.R.

_ n
1,220 kW Net head 11§
1.33 m3ss
10+ B00 000 M

Concrete type

B Concrete tyFe (Nﬁkﬂ«Pth) (FﬁnJ“,sunﬁ€4ﬁ“k)
(2} L.P. Conduit M.R. L(m) 320 (1.4x2907 240 (1ix$al)
S ' i N — P
M 0.6 oz o7 (0.87578)
{3) Conduit  L.R. SLn)y o 2 0O = x zrz0m
_ o P 0T s ssrS = sslas =072
(4} HMead Fond {mi) 7'050 = H00- 2650 koo A 4
_ . e T TExpm XS
(5} Swrge Tank B (m)

(&) Penétock‘
(7) Fower Station

(8) Accese Roads
I{nprqv .

{9) Turb./BeﬁeratDr

D tm) 0.8 = o. (05 = 0651 = 0.5

B 495 ke = (4 i Byt

ki 3.2
Em 2.2

Type Tango ImpulseﬁS@'Synchronous
. Generator % 2 units
RFM ’

\‘}
iiD):Transférmer VA 1,800 » 1 unit, 34), oA
CHigh (V) 11,000
Low [ X, 300
tll) Trans. Lines Type Steel post
o : ' Sire . HAL ©.1646 sqg. in.
KA 11 :
b (km) 1.4
Mote: . P = Diameter, L = Length, V = Ynltage
M.K. = Mesilau River L.R. = Liwagu River
U2 Spill way L(m) wq8 = Penstock
' o D Cm) 0.7
1
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Naradaw 1, 220 ;:“}

Hé ,/gm
Summary of Coas._ts_. {Unit 1,000.H$) _ ji | .
(1) Establishment Quor }7<looo &S’ocm pz/wo"w 4—,:;9;0003’
(2} Div Weir/Intake 470 ;l(p 374 ft?x@, 374 X}Ia&k'aﬁ - 203
| o LR= 37y x Ly, =3 Yo 0wy = 257
320 . _sso (P o2& )

{3} L. P. conault._ 25!8 Ma? =, A bhom @ 980 (a7
LR = Ladon & 760 ( Dpgm)

(4) Head Pond SO0 =Y _op0 ™ @ 280 Hm
{5) Surge Tank ' ' ?0 ' | '
(6) Penstock ‘ 658 o= L o498 m @;330 Pon (D&. m)
(7) Spillvay 371 = [J_é__ﬁ__m @'-_'___ 75—0 L.p CD_z_m)
(8) Power Station 227 = ggpC Pri‘—'f-él)o'&-_.i.?7()"a220 xp,,g_‘—jb
(%) Access Roads RYE T”’owrS‘i' 2.8 Km @,wﬂo}‘g‘; _96
' ' PiFe 2% im g iageo < 288
_ : Const i? Kkm @ p.ood - /32
(10} Turb./Generator - : s 07 1220 &7
rransgormersete 2442 T 107 (o) =107 ()
(11) frans. Lines . 43 : L ml__;gm @ 43,000 Hiem
(120 Suyb Toral. 3755
Establishment 200
Civil &,413
Mech/Electr, 2,942 ()2)
Contingencies 1, B3 = 08 x (Eshebeidte 0,154 ( 2,756 )
Engineering 554_ = £ 6o ¥ (above Cﬁﬂ): 0.058 x _@;9_@_?
Total | 10,622 = [0,600x% 103 M

[ M= 0.38 UsH# = SL ¥
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Natadaw [, 200/W

He: /rfom
OFTIMIZATION ﬁT'HﬁRﬁDﬁW
1. Flan . frt
Installed Capacity P /s ZQDKN Net head =149 5 jvo™
Maximum dlschqrgegz 2 miss o
Construction Cost /0 O, 000 MG
2. Layout .
(1) Intake H K. Concrete type
..R. Concrete type
() L.F. Conduit H.R. L(m} LECO = 408 = X 9O
. — — o
.L P o Dmy 0'6 =o0.8l6, = 2.82x/0.40 = 0“’06
.P. ‘ ; : o
()Y coonduit L.K. Lom) 2,890 = £/ &= 1./x 263 55
- Gm) 4.6 = o5iG aselE < O
(3) Head Fond (M3 2 o0
{3) Sﬁ?ge Tank D {m} -
o - _ WYL
(b) Fenstock D (m O7 = 0.65V0 =0.65x57 = O
. : B e L (d’\'\ ’ o o —
(7)) Power Station 7 sos Y%z = ‘75’52*1{5 230~ 55"2)2
- _— . : SJFLLC‘Z'MQI Ssteef SU.F‘?ekﬁ‘-#ru_duf-e
(8) Access Roads: km 4.69
Improv. km ' A4
(?2) Turb./Generator Type Targo Impulse;?¢ Synchronous
Generator » 2 units
RPM
v
(10) Transformer EVA T 1 ounit, 34},'n a
High (V) 11,000 -
Clow (V) 35300
(il) Trans. Lines Type Steel post
: Size HAL 0.14646 sq. in.
(47 11
L {km) 1.0
Note: D= Diameﬁerg _ L = Length; V = Voltage
M.R. = Mesilauw River L.R. = Liwagu River

(12 Spillway

L(m) Z2/0 wht £ 2/ [xVBo (1030 - 7330)

pony 07 = pesfe = 0.65 05§ - 0.613
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Summary of Coasts (Unit'l,OOD M$)

Naradaw 1, 20080

He = 1110-M

280 9 4
qum 256,00, P2 0™ $E8 coo

(1) Establishment 40 | =
(2)  Div Weir/Intake 386 MR- 374 « fw@; - 3745 (04540 195
o L}‘? 374 X [Dxey , =374% ol 0.49 = 203
(3) L. P. Condult 252? M/L? S Licom e 65D (06
LR L2870 m @ 650 [ 5,06,
C{4) Head Pond 7' 5‘00i : v&ﬁ%ma @ | 250 g/n?s o
(5y ~ Surge Tank - i ' | " o
(6) Penstock 982 | = L goS moa (220 @ (Do.'im)
(7) Sp.i:llwa‘y -_/5% | =/ 2;'0 m= @ 750 ” L.pP DO?M)
(8) Power Station 253 - 790 ¢ piFe youb. ?70%/200*”6?35
(9} Access Roads 46385 Fower St. 2.8 knm @,wff,’fg‘: _ 98
Pire  _3.87 1 @ 1xmwo = 461
. Lonst 42 km & t0.000 - 72 -
(10) Turb./Generator o ) a7
.Transfor:mer/et'c | 2_'54'1 ;- 107 (W"“_) = /o7 (?%_9«9_0)
(11)  Trans. Lines -43 ! L | pm @ 43m0 Hen
a2 Syb .To—fa[ 8,427
Establishment 4o N P45
civil 5, 486 ‘
Mech/Electr. 2,541 | B .V
Contingencies { 264‘ ‘_0.13" (W)=0’S—"( 3,((-);7 )
Enginee:ing 533 - j‘S‘-;/ x (above cost )= p.058 x i_é_cﬂ__
E | ‘
Total to, 220» = (0,200 X!Osﬁ’Lﬂ

IM#= .38 0S¥ = S4¥F
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MNaradaw 1,600 [T

He = 1170m

OFTIMIZATION AT NARADAW

1. Flan

im

Installed Capacity 7 Apr K Net head 1a9 -5 270"
Maximum discharge I B mi/Ss = g2 il
Canstruction Cost J/ 500,000 MG
Z. Layout :
(1) Intake M.K. Conerete type Woaler [eve| tozb W
. L.R. Concrete type Waler {eve] 1‘043n1
(2) L.F. Conduit M.K. ' Lim) Lo = 4.0 = hlx 970
. ‘ D{m) 0_5 = p.8F0 = p.80x[008 = pJ;‘ﬂ’
{E2) Conduit  L.R. Lim) 2,890 = 4/&=1/x2630
S . g D) A7 = 0.8V8 = o.&xfp.q0 = 0.667
(4) Head Fond 03 200
tSf'éurge.Tank D (m) —
(&) Fenstock D tm 0.9 = 04510 =0 .65xV a5 = 0. 706

(7) Fower Station

(8) Access Roads
Improv..

{?) Turb, /Generator

{10) Transformer

'(11) Trans. Lihes

Diameter

4
=
HI |

(2, Spillwoy

Loem)y BOS  <y@ign = gepas fivwosste):
Struedual steef Suppersfructure

km 4.69
km 42

Type Targo Impulse/3¢ Synchronous
Generator x 2 units

RFPM

Y

KVA ¥ L ounity 3, 0 A
High (V) 11,000 :

Low (V) 3,300

Type Steel poét

Size HAL 0.166 sqg. in.

KV, Co11

L {km) 1.0

Length, V = Voltage

L =
Mesilauw River L.R. = Liwagu River

Lm) Z/O  =ni R =/ xXVEr 1(I030 - 750)°
Doy 0.7 = pecle = 6e5fs - _0.706
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Re

Summary of Coasts {(Unit 1,000 M$)

' Namdﬂu-_’3 f,é&t)f‘iw
He = /0w

by ' _ #

w o :
2 peloe 250 00, Pz 1o setiece

(1) Establishment =~ L0 E LS.
(2) Div Weir/Intake “ 453 we 3'74)«“7;4@ = 374 xyp.br0.48 = 201
. LR=374 x(Drd = 374*V0?25’7" =262
(3) L. P. Condvlt  2.8/8 MR [ 00, @ 850 (pobn)
| | LR L2870 m @ 250 [ Do)
t4) Head Pond 500 = V_zeco wm @ 250 B/m '
{5)  Surge Tank e o _ _ .
(6) | Pen_slto'c.:k__ /;_0’7/ s 0 Sbf m & 4330 ‘..Pen "(Dag-sﬁ)
(1) Spillvay RY: c= L 200 m ® | 753"0 L.p wgzm)
(8) Power Station 300 . 770 ¢ Py‘—‘é)a ~ 770:«(/600 ,VE?—SG
{(9) Access Roads 63’§ Pwer St. 2.8 km @Izoﬁ:;ﬂ - 98
Pire 3.8 un @ 1m0 = 467
‘ ‘ o 7 lonst /2 km & 0,000 72
(10) Turb./Generator = ) o
Transformer/etc FAOE . 107 ( F}F{?@_ >0“~ 107 (/}%? )0?
(11) Trans. Lines. S0 '4’3 = [_ / }:m @ 431000 !g/ﬁ"”
(12)  Sub Tetal & 496
Establishment | 400
civil 5 988
Mech/Electr. 3,!_.0.? | (2) R
Contingencies el . = 0.15 % (stplanid) = .15 ( 496 )
Engineer Ing | EO11 - &6 (above cost )= p.0SSx 10,920
; .
Total //’5'” = /1,500 x /07 M#.;

| M= 0,38 (/SH =S4 ¥
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Naradaw 200 ww

He = 1770 m

OFTIMIZATION AT MARADAV

i. Flan

: F:
Installed Capacity 2 .00 kKw
Maximun dischargeg. /.g8 mi/s

Construction Cost

=_2;.Léyuut

(1) Intake MUR. Concrete +

L DO, D00 MG

He - im
Net head 149 —» j70M

_ ype
L.K. Concrete types _
{(Z) L.F. Conduit MR Lim) . oo = g0 = gx /0
L ’ D) 0.7 = 0.88, = 0.5 3[0.87 = 0.60%
{3} Conduit . L.R. L{m) 2,890 = Al&= ﬂfx‘%fio >
Dimy 5.8 = 0.818,= 28<o.9] = 0.763
(4) Head Fond (M3) 2 eoo
{(5) Swae Tank D (m} -
(&) Penstock Duamy 09 = 04505 =0 6Sx\THE = O
(7).Powér Statien L ocm) 0Z§' “Y@%eh= = 7£F2+Kﬂ°wjgf2)z
S Strucdual steef supperstructure
(8) Accesz Roads km 4.69 _ _ _ -
Improv.: km L2
{(2) Turb. /Geperator Type Tarqn'lmpulse/3¢ Synchronous
Generator x 2 units
RPM'V ’
v.
{10} Transformer - Kva ® 1 upit, 34},'0'9_
: High (V) 11,000
Low (V) 3,300
{11} Trans. Lines Type Steel post
' Size HAL 0,166 sq. in.,
» KV 11
L o(km) 1.0
Note: P = Diameter L = Length, ' ¥V = Voltage
M.R. = Mesilau River L.R. = Liwagu River
R —
(12 spill woy Ly  2/0 =ri1 R =L [xVi82 1+(1030- 980)%
| pond 0.8 = 066 = 085w = 079)
1
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Naradaw 2 000 rw

Re
He = jmom
Summary of Coasts (Unit 1,000 M$) o : ﬁ. pz 2000 - spo
. i Lty
{1) Establishment S0 l _ P(’I'OOD 2@@0 Pz /mom %o@o
(2) Div Weir/Intake L5858 HP 37Y. xvpx@ = 574}(.07;;”577_,_ 2;6
(3) L. P. Condult 3, 235' Mf*? _ :L /;.cpéa@. @ 75,@'_; (D /m>
LR - [,2.89m & RO (DO
{4) Head Pond 500 =7 2000 w @ el g/ms'
(5) Surge Tank ' ' o '
(6)  Penstock | 1,143 = {85 m g L8420 g, ’(Dﬂ.‘]m
(1)  spillvay gl = [, 210 m @ 860 Lp 08
. : ) . . - a.b
(8)  Power Station 343 . qqp ¢ pYAEI*C. 9o ( 2000% fIGT )
(9) Access Roads _ E38 PowerS’t ondr o km @IZDOCD - _2b
PipE ﬁ’dn@lxooo=‘¢b7'
Cong'l‘ fe 2 kmo® moﬂ{); ?2_
{10} " Turb./Generator _ .
2636 . 107 (P YT o (20200y07
Transformer/etc - THe W
(11)  Trans. Lines 43 - ym @ 43,000 Hiem
(120 Gyb Jotal o 10769
Establishment _ 500 T N
Civil b,635
Mech/Electr. 3, 63[{‘ .
- 5 : rz
Contingencies [, 615 ;o= ouEx (‘fxﬁuﬁ:ﬁﬁﬂ): 2. 75x( 10,769 )
Engineer iﬁg 63/ = f §of (OWUE’ ¢99} )= o'bﬁfx -[_2__,_384.
. | : _ ' P '
Total 13, 065 = _12,100 X IO'-'-_M#
l

[ M8 = 0.38 UsH# = S ¥
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Noradaw 2,0 B
He = 1770 m

OFTIMIZATION AT NARADAW

Flan

[t
.

He = m

o, Pe '
Installed Capacity 2 0D KW Met head 1&9 - /7O M

Maximum discharges.- / .7gin3/5

Construction Cost

.2. Layout T

o 00,00 M

(1) Intake H.R._ Concrete type

L.R. Concrete type
(2) L.F. Conduit M,R. L{m) /,'050 = J R =X 90
. .- | D(m) o7 = 0558 = p.o[BEE = o. .64
(3) Conduit  L.R. L(ny =~ 2,890 = 478 =//x 2630
' D(m) 0-9 = 0.5Y0 = 28«13 * O.85

(4) Head Fond
(3} Burge Tank.

tock

{&a) FPen

I

{7) Fower Station

(8) Access Roads
Improv.

(2} Turb./Generator

(10)‘Traﬁsformef

{11) Trans. Lines

Diameter
Mesilau River

4
T
o

2y Spi il_wo\y .

(m3) ;§C£x9

r {m) -

Dm0 = 0.651® 06578 = O-86T

Locm)  BOS  ygEgn o pepn [l Bt
Struelyal steef suppersiructure

Em 4.69
m Lz

Type Targo Impulse/3¢ Synchronous
Generator x 2 units

RPM :

Voo

Kva S 1 unity 3, 0 A
High (V) 11,000 B
Law (V) A 500

Type Steel post

Size - HAL ©.166 sq. in.

- KV 11

L {(km) © 1.0

L = Length, V = Valtage
L.R. = Liwagu River

Lm)  Z2/0 S0 R = [ IxViBot 11030~ THO)Y

pony 0.9 = 0456 = 065HTTS < 0.96]
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Ke.

Summary of Coasts (Unit 1,000 M$)

Naradaw 2,400 FY

P_? zooo B oo

(1) Establishment o0 P<f,ooo 2{30@ Pz 1.0 $88000"
(2) Div Weir/Intake _éﬁ ”a‘? 374 xyqxca, 374 x0T v 0 bS = 252
| . LR=2374 xmﬂa')z}yvoqy“a = 277
(3) L. P. Condult 3,553 M/Q - L/,&QOm'@ £0 . -QI_Z”)
LR - [,2800 m @ 970 ¢ 55070
{4} Head Pond 5‘00 = V2,000 wm @ 250 g/,,,
(5) Surge Tank — | |
. (6.) Penstock | /,224 = .tf; 508 m a /5.20 ﬁ’m (D-'/-Or;\)
('7') Spillway - 204 R 2/0 m'@ C??O _L.p <DOCIM)
(8)  Power Station 383 <790 ¢ pYiR )06= 77¢x(2,¢aa Pié‘,ijs
(9) Access Roads 838 Puer St. 28 km @lzo:g o __9§_
PiPe .87 1n @ am0 =
- Lo GonsT 42 kme go00- 72
{10) Turb./CGenerxator D
Transformer/etc 4 12.9;' d °e7 (."%“;)o‘l (o7 (‘;;;o 07
(11)  Trans. Lines = ! L/ gm@ 4300 Hem
(i2)  Syb  Total ;‘; 1. 7‘/‘? P
Establishment Soo ?
civil 70710
Mec_h/Electr.. | 4128 : ' ' S
Contingencies | L7170 , =ousx (Bstoitowil) =015 < (" 11199 )
Engineering Ul : j‘ §+ » {above C09)t)= o.offx _/:3_,5'6?_
Total 1,315 = 14,300 x 10° M#

I Mti= p.3§ ¢/sH = S& ¥
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3.

Calcutation Data for Commissioning Year in Chapter 9
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S Coleulation

elated 7o

Data 3fipwa Conﬁsshvnh%g yéﬂF
+he _ﬁollowihg-_ Bengf«ii’ C_o;f Ratro

Benefit Cost Ralio of Naradaw Scheme

( In Case o} Carabaw Two Unids)

Commissidﬁing

Saleable Construction ;
Year Energy (GWh) Cost (1,000 M$) Be“Efit’C°3t
2000 7.4 11,500 1.01"
2001 7.8 11,500 . 1.05
2003 8.6 11,500 1,12
Wote (1) Salaable énefgy is an average for 10 years from
each commissioning year.

(2) Minlmum river maintenance water is assumed to be
0.1 mfs in total.

{3) Construction cost of 'M§11,500,000 is simply
estimated for the purpose of the optlmizatlon
only

Benefit Cost Ratio of Naradaw Scheme
( In fase of Cambau 0/1@ f/ﬂLC)
Commissioning Saleable Construction
Year Energy (GWh) Cost (1,000 m§) Denefit/Cost
1996 7.1 11,500 ' 0.98
1997 7.7 11,500 > - 1.03
2000 8.9 - 11,500 115
Note; seme as the note mentioned above.
(a)culation  Criderion * so00 Mﬂ
1) Const. cost ILEO0 =
¢Z) 0 & M Cast 273 % = (1) X 0,015
_Sopyly copable, 7 5
(31 YEneray - '___;jﬂ;_ # X 10 kWh
€4) Firm power ,“HézégL kW
(Diesel) . _
£5) Inst, capacity .'_;h;ﬂgg__kw = (4 XI 25 54D XIZS ?ﬂQ

(e Const. cost
€73 0 &% Il cost

(83 ﬁuel cosl

,_,“__2:745" * = (31 X 13?5‘ I EFAREI
AP s = (BY X 0,05

8 » = (33 %10a9Yx ::1.-155 M$ /1:h
L0398 qo.ms
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