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Selec'tionlof Optimum Plan in Chapte_r 9

(1) Sa.leable Energy of Alterna.:tiv.ré Plans

(2) Cash Flow of Benefit Cost Ratio of Alterna_t.i'vg Plans =
() Cons:tructio.h Cost of Alternaﬁive_ ?lans

These Data relate to Tahle 8-2 in Final Report.
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2 “Selection of ~Optimum.. Plan

(1) Saleable Eneigy of Alicerna%,ue Plans
Sa,eabfe bnergy of Mes, ay & Cambau |

;T,‘m e

02 4/ 5 g /0 /2 /4/5/8202224

Demand Energy Sup l1ed (M\ih) Dresel
Max. Annual Hesilau Carabau . j
Year Demand | Energy |Coloable 299 k¥ |Sdenble 2,000 kN (Mwh)
: . [kW) {MWh) Used . Disch Used Disch
1992 1,690 [ 777,719 1,925 0 4,196 4.690 | 495
1993 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, 938
1995 2,520 | 11,583 1,925 b 7.036 | . 2.449 | 2,422
1996 { 2,746 | 12,943} 1,926 0 7,614 1,871 | 3,404
1997 | 3,020 | 14,267 1,925 0 8,115 1,311 | 4,227
1938 3,320 15,715 1,925 0 8,579 306 | 5, 2//
1999 | 3.840 ] 17,200 ] 1,925 0 8,891 594 | £. 385
2600 | . 3,930 ] 18,958 | 1,925 0 9,103 383 14,930
2001 4,220 | 20.320 |  1.925 0 9,213 272 {4,767
2002 4,530 | 21,843 1,925 0 9.311 174 |40, 407
2003 | . 4,880 [ 23,494 1,825 0 9,390 95 |,5 /95
2004 5,230 | 25,204 1,925 0 9,448 31 359
. 2005 5,620 ( 27,064 1.925 0 g, 485 - 0 (/8,451
2006 5,960 | 28,715 1,925 D 9,485 0 b7, 508
2007 6,310 | 30,467 1,925 0 9, 485 0 /4,087
Total | 294,622 30,805 8| 131,887 ] 19,818
§ j ' @_17'_1—590
o Namdaw o
' r§ 7): VCr‘fEd Eht’}’&’ N d
w
Qi f""‘\,__ am a
,{3 » H SU‘FP,\
_ @Pab!e
R OLECPAI
t—nery/

Minimum wm‘e;- }ﬂegwremen‘t ai +he river be+ween

o wdakes and the powerhouse

p.s0 m¥s s Hotal

s
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Soleable Energy/

Naradow /. 220 KW
He= s/5m

Demand Energy Supplied {(MWh)
Max. Annual: Mesilau - Carabau
Year Demand Fnergy 299 kW 2,000 k¥
(kW) {MEL) 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 . 4,530 21,843 .- -1.925. 0 9,311 <174
2003 | 4,880--' 23,494 1,925 o0 - 9.390 95h
‘2004 5,230 25,204 | - 1,92% b 9,448 37
2005 5,620 27,064} 1,925 0 - 9,485 ]
2006 5,960 28,715 1,925 0 9,48% 0
2007 6,310 30, 467 l 925 -0 9,485 ]
2008 6,690 32,328 1,925 0 9,485 0
2009 7.160° 34,297 1,925 -0 9,485 0
2010 “7,590 36,585 1,925 0 8,485 0
2011 7,860.1 37,902 1,925 0 9,485 0
2012 8,150.] 39,267 1,925 - 9,485 0
2013 8,440 40_580 1,925 D 9, 485 1}
2014 8,740 - 42,1456 1,925 0 9,485 i
201% 9,050 43,617 1,926 ] 29,485 0
Total 502,883 30,80% 0 150 804 961
Demand Energy Supplied (MWh)
Rax. Annual Naradawl Hydro
Year Demand Energy |saleable 1.220 kW Total - Diesel:
' (kW) (M¥h) Used: Pisch Uged | .- - -
2000 3,930 18,958 3,982 ’ 3,?36'; 15,010 3,948
2001 4,220 [ 20,320 4,507 2,712 | 15,645 | . 4,875
2002 4,530 1 21,843 h,054 2,185 } 15,291 .. 5,582
2003 4, 880 23,494 5,082 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 - 5,310 30,467 6,710 ¢ 509 le,lZO, - 12, 347
2008 6,680 | 32,325 | _ 6,860 358 | 18,2717 14,054
2008 { 7,100 | 34,287 | 6,984 2341 18,395 | 15,902
2010 7.580 | 36,585 | 7,092 ] - 126 -18,503:f. 18,082
2611 - 7.860 37,902 7,140 78:'-'18}551;-'?19;351
2012 8,150 39,2671 7, ‘180 39° . 18,5690, 20,877
2013 8,440 | 40,680 7, 206 13 18,616 22,064
2014 8,740 42,145 7,218 A} ©18.629 23,5616
2015 9,050 43,617 7,218 0 18,629 24,9838
| Total 502,883 | 101,603 13,8983 283,212 219,671
84,9672
s
Ave}-a,?e o 2S"y}~s (sz‘?p‘_ll}.) 6,663
Avergge for |b s ('2' IR

AP4 -.18 .




Saleable . Energy

- Naradaw 1 700 KW

Demand’ Energy Supplied (MWh)
‘Max. Annual Mesilau’ Carabau
Year Demand Energy- 209 kW 2,000 k¥
o o (kWM (MWh): Used Disch Used Disch
2000 3.93¢0 18,958 1,925 ¢ 9,103 383
2001 4,220 20,320 1,925 0 9,213 272
2002 4,530 21,843 1,925 ¢ 9,311 174
2003 4, 880 23,494 1,925 0 9,390 95
2004 5,230 25,204 1,925 0 9,448 37
2005 5,620 [ 27,064 1,925 0 9,485 ]
2006 5,960 | 28,718 1,925 0 9,485 13
2007 6,310 |- 30,467 1.925 0 9,485 1]
2008 6,630 32,325 1,825 0 ©9,48% 0
2009 7.100 34,297 1,925 G 9,485 0
2010 7,580 | 36,58% 1,925 D 9,485 0
2011 7,860 | 37,902 1,925 i 9,48% 0
2012 8, 150 39,267 1,925 -0 9,485 1]
2013 8,440 40;680: 1,825 ¢ 9,485 0
2014 8,740 42,145 1,925 0 9,485 it
2015 9,050 |- 43,617 1,925 0 . -9,4385 0
- Total 502,883 30, 8050 0 150,804 961
Demand "Energy Supplied (MWh)
: Yax. .. Annual Naradaw3 Hydro
Year: Pemand | ~ Energy |Saleable 1,200 k¥ Total Diesel
kW) {¥¥h):|  Used -~ Disch | . Used
2000 | 3{930 18,958 " 4,498 3,253 15,52% 3,433
20017} -ﬂ}ZZU' 28,320 - 5,039 2,712 16, 177 4,143
20021+~ 4,530 21,843 17 'H,597 - 2,154 16,834 h, 009
2003 |- 4,880 23,494} . 6,136 1,615 17,451 6,043
2004 |, 5,230 25,204} .. 6,567 1,184 17, 941 7.263
2006 - 6,620° 27,064 6,875 815 18, 286 8,778
20067 5,960 28,715 7,087 664 18,498 19,217
2007 6,310 30,467 1. 7,260 491 18,671 11,796
2008 - . 6,680 032,325 7 71, 408 342 18,819 13,506
20090 7,100 ..34,297 . 1,530 221 18,940 15, 357
2010 - . 7.5%0: 36,085 | - T,634. 111 19, 04% 17,5490
-20111:‘:“?;860; S0 37,802 7,680 “ 71 19,090 18,812
20124 ~ 8,160 - 39,2671 7,716 34 19,127 20,140
2013 4 8,440 |- 40,680 1.742 9 19,153 21,5217
- 2014 “‘8}740; - 42, 14%: ~ 7,751 1] 19,161 |- 22,984
2015 _9.050 43,6174 - 7,751 . 0 19,161 24,456
: 1 'Total 602,883 |~ 110,270 13,742 291,880 1 211,003
69,959
_ . - 190,02?
Average for .,lﬁ‘/vrs (Ze%2) 7,201
290,05 6,892

'A'],;gt@gg o 26 yr (
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Saleable

Eneg)

Naradaw /1, 600KW

He = )70 m

_ Demand Energy. Supplied {M¥h)
. Max. Annual Mesilau .Carabau
Year Pemand Energy | 299 kW 2,000 kW
. (kW) (M¥h). Used = Digsch . 1-= Used Disch .
2000 3,930 18,958 1,925 0 9,103 383
2001 4,220 20,320 - 1,92% 0 9,213 212
2002 4,530 21,843 1,925 I 9,311 174
2003 4,880 23,494 1.925 0 9,390 95
2004 h,230 25,204 1,825 g 9,448 37
200% 5,520 27.064 1.92% 0| 9,485 0
2006 - 5,960 28.171% 1,92% (I 9,485 ]
2007 6,310 30,467 1,925 0 9,485 - 0
2008 6,690 32,325 1,925 b 9,485 .- 0
2009 7.100 34,297 1,92% 0 . 9,485 0
2010 7,.5%0 36,585 ¢ . - 1,925 0 9, 485 0
2011 7,860 37,902 1,925 0} 9,485 0
20412 8,158 39, 267 1,925 0 9,485 0
2013 8,440 ] 40,680 1,925 0 3. 485 0
2014 8,740 42,145 1,92% 0 9,485 -Q
2015 9,050 43.617 1,825 .0 9,486 1]
"Total | 502,883 1 30,805 0 159 804 96)
. "Demand - Energ_\y Supplled (MWh)
Max. Annual -] - Naradaw? Hydro -
Year. Demand Energy {sazleable 1,600 kW Total Dlesel
(kW) - (W¥h) | Used | Disch .|~ " Used | . =
2000 3,930 18,958 4,806 | 4, 885’_ 1b, 834 0y, 124
2001 4,220 | 20,320 ] 5,446 4,245, 16,585 3,735
2002 4,530 21,843 6,117 ~3,573:4" 17,354 4,489
2003 4,880 23,494 6,802 2:888 [+:18,118. 3ﬂ5;376
2004 5,230 228,204 7,437 2{254f"'181811i 5.393
2005 5,620 | 27,0504 8,044 l,ﬁéﬁi*'f19;455  $77 609
2006 5,960 - 28,715 8,437 13253f"”192848 8,867
2897 b, 310 - 30,467 |- 8,733 .957_'“-203144:'w-10 323
2008 © 6,690 - 32,325 3,968 'fTZ3 'Lﬂ20'3782‘”51i,9473
2009 7,100 ~ 34,2978 - 9,157 -533? 20,5687 13, 729'
2010 7,590 | 36,585 | 9,337 354 20,747 |+ 715,838
2011 7.860°| ©37,902°] 9,420 271 | 20,830 17,072
2012 8,150 39,267 9,491 199 20;902f qﬁ18_365; -
2013 |~ - 6,440 40,680 9,558 o 136 “200966° 19,714
2014 8,740 - 42,145 09,608 ~ 83 21,018 21, 127'
2015 8,068 43,617 V9646 . .41 ] 21,060 | 22,657
- Total 502,883 1313009 1 24,041.] 312,618 190 265
87,210
218,219
Avergge for 28 yrs (C0%pow) 8727

Aversge fu sbys (22hus) S/189
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Salé;a,_blf:‘ Naradaw 2. 000/@]

| Eneh; /

AP4 - 21

| He = 170 m
1 _ Demand = Energy Supplied (MWh)
_ Max. Annual Mesilau _ Carabau
Year . Demand Energy 299 kW - 2,000 kW
- ' (k¥) (MW¥h): Used | - Disch Used Disch
“ 2000 - 3,930} 18,958 1,925 i 9,103 383
2001 4,220 20,320 1,925 o 9,213 272
2002 4,530 | 21,8431 - 1,925 0 9,311 174
2003 4,880 23,494 “1,92% 0 9,390 95
© 2004 5,230 25,204 1,925 0 9,448 37-
2005 5,620 27,064 1,925 0 g, 485 0
2006 - 5,960 28,7156 1,925 0 9, 485 0
2007 | - 6,310 30,467 1.925 0 9,485 0
2008 6,690 32,325 1,925 H 9,485 0
2009 | . 7,100 34,297 1,925 ] 9,435 -
2010 1,580 36,585 1,925 ] 9,485 0
2011 ). 7.880°) 37,9802 1.925 12 - §,485 8
2012 C 8,150 7 39,267 ] . 1,982% 0 9,485 ]
2013 { . 8,448 1 - 40,880 1,925 0 8,485 6
2014 - 8,740 42,145 - 1,925 0 9,485 0
2015 | .. 8,050 43,6117 - 1,92% f 9,485 0
. Total 502,883 30,8056 0 100,804 3561
_Demand . Energy Supplied (MWh)
. Max o Annual Naradawd . Hydro
Year - Demand: Energyigﬁgg@bh . 000 kW Total Diesel
' : kWl (HWh)_ Used: Disch  Used
2000 3,930 18,958 4,932 6,408 | : 15,959 2,999
2001} 0 4,220 ) 20,320 - 5,622 5,719 16,761 3,559
2002 - 4,530 21,843 6,344 4,997 17,581 4,262
2003 | 4,880 23,494 -7.080 4,261 18,395 5,099
2004 . 5,230 [ - 25,204 7.815 3,526 19,188 6,018
2005 5,620 -.27,064 8,565 2,176 19,975 7.083
2006 - 6,960 ¢ 28,715 9,180 2,161 20,590 8,125
2007 6,310 | - 30,467. - 9,707 1,634 21,117 9,350
20038 6,690 32,325 10,093 1,248 21,504 10,821
2009 7,100 . 34,297 10,380 961 21,791 12,506
2010 }- - 7.590 36,585 10,639 -702 22,049 14,536
So2n1l 7.860 [ 37,902 10,753 588 { 22,164 15,738
- 2012} . 8,150 ..38,267} - 10,866 475 22,276 16,991
2013 [ - 8,440 - 40,680 .10, 965 376 22,376 ‘18,304
2014, - 8,740 - 42,145 :311 058 - 283 22, 489 19,676 }
2015 9, 080:].° 43,617 11,133 208 | - 22,544 21,073
" L Total ) 502,883 145 131 36 325 325 741 176,142 |
-!02/06?
S _ S S 247,200
o0 - _ _
Averoge for 28 yrs (Szext) 9,888
"?;‘0,7/
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He =170 m
Demand Energy Sup lied (MWh)
- -Max. Annual Mesilag Carabau |
Year Demand Enecgy . 299 kW - 2 000 ki
(kW) (MWh) Used " Disch Used . Disch
2000 3,530 18,958 1,926~ BN UNE 9, 103 383
2001 . . 4,220 20,320 1,925 ¢+ 0 9,213 272
2002 - 4,530 21,843 1,925 0 .311 174
2003 - 4,880 23,494 | 1,925 0 9,390 | 9%
2004 5,230 25,204 1,926 | 0 9,448 37
20056 | 5,620 27,064 © 1,925 0| g, 48% ]
20061 - 5,960 28,715 1,925 0 9,485 0
2007 5,310 {- 30,467 | 1,925 0| 9,485 0
2008 6.690 | 32,325 1.925 | 0 9,485 [ 0
20069 7,100 34,297 1,928 0| g, 485 t)
2610 | 7,590 | 36,585 | 1,925 0 9. 485 | 0
2011 7,860 |- 37,902 S 1,925 0 9,485 | ° 0
2012 5,150} 39,267 1,925 G 9,.48% | - 0:
2013 8,440 40, 680 ©1,92% 0 9,485 |+ 0
' 2014 . 8,17448; 42,14% 1,92% 1 g 9,48% _ 0
L. 20156 9,850 43,617 |- 1,925 0 9,485 . . B
Total |° 502,883 30 305 0| .7150,804 961
" - Demand - "Energy ‘Supplied (MW%h)
Max.: Annual . Naradawd™ Hydro
Year Demand | -~ Energy |Spleable 2,400 kW Total Biesel
(kW)} o S(MWh) Used Disch Used Lo
2000 3,930 | 18,858 4,872 | 1,180 | 15,000 2,968
2001 4,220 20,320 5,700 7,052 154339 - 3.481
2002 | 4,530 | 21,8437 6,469 6,284 | 17,705/ 4,138
2083 . 4,880 | 23,494 | 7,248 5,004 | 18,563 4,931
2004 5,230 | 25,204 . 8,000 4,752 ‘19,373 H,831°
2005 | 5,620 27,064 | .. 8,788 | 3,965 | 20,198 | 6,866
2006 C5,960 | 28,715 9,476 - 3,276 20,8871 7,828
2007 | . 6,310 30,467.| - 10.139 | 2,613 | ‘21,850 | 8,917
2008 |- 6,690 32,326 ‘10,766 - 1,986 | 22,177 :10.143;
2009 7,100 34,297 |.11,245°|  £,507 |7 22,655 | 11,642 |
2010 7,590°° 36,585 |7 11,622 ' 1,130 | 23,032 ' 13,6637}
2011 © 7,860 -'37.90252' 11;782;ff“' 707 23,193 14,709
2012 8,150 39.257f'5111,934i-*'--”818" ©23, 345  ¥5.922@
2013 8,440 | 40,680} 12,061 " - 691" '%23;472- 17,208
2014 87401 42,145°]7 712, 180@-?3: 5721 23,591 . 18,554
2015 9,060 | 43,617 |- 12,2901 '452.' 723,701 ] 19,946
T Total {502,883 ‘154,671 | 49 362 336,281 166, 602
14,168
- 269,439
2D )
Average for 28 yrs C—zo2e) 10,718




2. Selection of Optimum Plan

1 and Cosh

2> (ash_Filow _of  Benefi

. Input Data :

of Alternative Plans

P2 2Y 34 &+

Narvadaw  P= [ _1.2201 k¥
[ Year of Start (h=ﬂ) l 1997
. . ~__(Thousand M$)
n Year pNaradaw Diesel Year
K ’ Invest.] Invest.] - k¥h '
Const. ) 1987 1,060 . 19917
Const. . 1 19938 6,360 349 1993
Const. .2 - 1999 3,180 349 1399
Opera. ) 2000 158 35 3,982 2000
Opera.: 4 2001 4,507 2001
Opera. . b 2002 5,054 2002
Opera. ] 2003 5,582 2003
{pera.. 7 2004 6.014 - 2004
Opera. | 8 2005 6,322 © 2005
Opera. -9 2006 6,533 20086
Opera. 10 2007 . 6,710 2007
Opera. 11 2008 : 6,360 2008
1 Opera. 12 2009 : 6,984 2009
Opera. 13 2010 7,082 1 2010
Gpera. 14 2011 7,140 2011
Opera. , 15 2012 7,180 2nl1z2.
le-Const] - 16 2013 349t 241 7,206 2013
le-Const 17 2014 1349t 35 7,218 .2014
| Opera. 1812015 . 7,218 | 2015
Opera. 19 2016 7,218 ) 2016
‘1.0pera.. 210 20117 7,218 ) 2017
Opera, 21 [ _.2018 ] - 1,218 ) 2018
‘Y Opera. . 22 " 2019 7.218 1 2019
-] Opera. 23 | . -2020. 1,218 2020
rDﬂera.' 24 2021 7,218 2021
| Opera.’ " 25 2022 7,218 2022
Gpera. 26 | 2023 T 7,218 | 2023
Opera. 271 2024 491 381 7,2181 2024
' ' {(2) (3>
(Narada) * /000 Hﬁ
(1) Const. cost 20600, # a2y
(2) 0 & M Cost e 482 » =) x c.015 =/5F a2
_ suppl e : 6
{3) Energy géfEZJffﬁm 72 % %X 10 KkWh
(4) Firm power ' __HO0 | xu
(Diesal) _ - o
(5) Inst. capacity A0 kW = 4 X 1.25 =400 %).28 = $0O
(8) Const. cost ' e BF8. = X 1,79% M$/KkM LD
(7) O & M cost .38 % a e x 0.05 N
(8) Fuel cost _LZ60 % = 3y XDAX O.18 M$/kuh Y




Renefit Cost Ratio Calculation : Naradaw p= [ 1,220 | kW

(Thbﬁsahd He)

Cost Strean . Benefit Stream
Year n L/1.1 n " Naradaw : Alternative (Diesel)
Invest.| & Value|l Invest.] Fuel . Total - | B Value
1997 i) 1.000 1,060 11,0060 | 0] . -0 ST i
1993 1| 0.908 6,360 5,782} . 349 | 0. 349 317
1999 25 0.826 3,180 2,628 349 |0 349 288
2000 3 0.751 159 - 119 S350 . 69T 732 ~ b50D
2001 41 0.683 159 109 | 35 | - 789} . 824 ) 683
2002 5 0.621 159 | 99 © 35| o 884 919 571
2003 6] 0.564 159 90 | - 3% 9717 1,012 - 571
2004 71..0.513 159 82 1. 35 11,062 1.087 558
2009 & ] 0.467 . 159 T4 35 L 1,106 1,141 70 632
2006 91:0.424 159 . BT} - 351 1,143 1,178 | . 500
2007 10 0.386 - 169 61 ] . 35 1,174 1,209 | - 466
2008 i1 10,350 159 56| 35 (71,201 1,236 433
2009 12 | 0.31% 159 510 © 35 1,222 ] 1,257 461
2010 131 .0.290 159 46 35 | 1,241 1,276 |~ 870
2011 141 -0.263 159 | 12 1 35 | #1,250 f 1,285 | 338
2012 15 0.0:239 | < 159 | 38 1 35 | 1,257 | 71,292 | 309
2013 16 .8.218 158 | 3% 384 v 1,261 1,645 | 358,
2014 17 ¢.198 - 159 310 - 384 °1.263 [ 1,647 326
2015 18 0.189 159 | - 29 35 i,263 | 1,298 | - 23¥
2016 19 0.164 % - 1597 = 26 35 1,263 | 1,298 | 21&
2017 201 D.149 159 Y N I 35 1 1,263 | 1,298 193
2018 211 0.135 169 |~ - 21 . 35.1 1,263 | 1,298:]-- 175
2919 22 D.123 159 ¢ 20 35 | 1,263 | 1,298 - 159
2020 23 ¢6.112 | 1569 | 181 . 36 1,263 | 1,298 145
2021 24 106,102 |+ - 159 i6 ' 357 1,263} 1,298 - 132
2022 25 100,092 - 199 15 35| 1,263 ¢ 1,298} 120
2023 26§ -0.084 4} - 159} 13 ' 36 1.°1,263 1,298: 109
2024 27 0.076 159 | 12 | 354 1,263 -1,298 R EE
Total S 10, 663 : L 109,628
8 v S v 13
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- Naradaw

[1.200] kv

Isput Data B p=
[ Fear of Start (n=0l .} - [seq o
S e : {Thousand M3}
n Year Naradaw Diesel Year
: - o ‘Invest.] Invest.] k¥h :
Const. ) 1997 1,020 0 1997
Const. _ 1. 1998 § 6,120 ‘488 1698
Const. J. - - 2.1 1999 1 3,060 4838 S 1999
Opera. 3'.: 2000 153 49 4,498 2000
Opera. 412001 5,039 | 2001
Opera. b 2002 5,087 2002
Upera. b i 2003 6,136 2003
Opera. 2T 2604 §.5617 2004
Opera. 8 | 20056 6.875 2005
Opera. 5 2006 7.087 2008
{pera. 19 2007 7,260 2007
dpera, 111 - 2008 1.408 2008
Jpera. 12 2009 7,530 2009
Opera. 13 2010 7,634 2010
Opera. 14 |~ 2011 7.680 2011
4 0pera. . 15 2012 : 7.716 2012
te-Const] 16 2013 as+aq | 7,742 2013
" Re-Constif- 11 2014, At 491 7,751 2014
Opera. 18 2015 ' “ 1,761 . 201H
Opera. 19 2016 7,751 2016
Upera. 20 2017 7,781 2017
{Ipera. 21| 2018 7,751 2018
Opera. 22 1 2019 7,751 2019
Opera. .23 2020 7,761 2020
Opera. 24 2021 7,751 2021
Opera. 2h 2022 7,751 2022
Opera.’ 26 2023 7,751 2023
Opera. 217 2024 /83 491 17.751 2024
: (Z? (37
(Narada) 4 000 M#
(1) Const. cosat L20:. 2007 % a2
'(2) D &% M Cost I o483 x = (1) X 0.015 a2
. $ capabig : &
.{3) Energy / "__“jéf: + X 10 kWh
(4) Firm power S840 kw
{Diesel) .
(S) Inst. capacity LLTE0. k= (4) X .25 = £40 x1.25 = 700
.fs)-Const. cost _”"JZQfL % w (B) X i,??f Me/ kW sk
(7 0 % M cost . ____ 4 49 % = @ X 0.05 . {3
(8) Fuel cost’ 2368 % = X0STX 0. 18 M$/kiih L)




Benefit Cost Ratio Calculation. : Naradaw  P= kW

. {Thousand ¥3)

o Cost Stream Benefit Stream

Year n /1.1 nl " -Naradaw - Alternative (Biesel})
Invest.| £ Value| Invest.| Fuel Total B Value
1997 0 1.000 1,020 1,020 SRR | I 01 0 o0
1998 14 0.509 ] 6,120 5,564 488 | 0 488 | 444
1999 2 0.826 [ 3,060 | 2.529 | . 488 | .0 488 403
2000 3 6.751 153 1153 - 49 - 787 836 1 ° 628
2001 4| 0.583[ 153 105 | - 49| 882 | 931 | 636
2002 51 0.621 153 95 49 979 1.028 3%
2093 6| 9.564 153 864 49| 1,074} 1,123 | 634
2004 7 0.513 [~ 1983 | 79 -+ 491 1.149 ¢ 1,198 615
2005 8| 0,487 {7 183 71| - 49| 1,203} l.252| 584
2006 g [ G.d42d4 | 1830 88| 49| 1,240 1,289 | 647
2007 10| 0.386 | 183 | s} 49| L.27¢{ 1,320 509
2008 i) 0.350 | 153 ]  s4 |t 49| 1,206 1.34% 472
2009 12 0.319.] - 153} 49 49 | 1,318 1,367 T 435
2010 13 0290 183 44§ 49 1,336 ] .1.385 | 401
2011 14-0 0263 [ 1530 40| 48| 1,344 1,893 1. 1367
2012 151 02391 ° .Ib3 37 490 1,350°0-'1.3%99° [ - 335
2013 16| 0.218]1 153 | 33 -537 ¢ 1,355 1,892 | 412
2014 17-]..0.198 - 183 30 5317 1,366 1,893, ] 375
2015 161.0.180 1 1531 28 | ~ 49 | 1,356 [ 1.405 | ~ 253
2016 190164 |- 153 26 1 49} 1,356 | 1,405 ] 0230
2017 20 _'0.149 _ 153" 231 49 1,366 1,405 .209
2018 211 0.13% 153 21 49°] 1,356 11,405 .. ..190
2019 22 1°0.123} . 153 | 19 49§ 1,356 {1,405 173
2020 23 40,112 | 153 1T 49 A”Ij356:=j1.405 o161
2021 24 0.102 153 16 49 p 1,356 {1,405 143
2022 29 0.092 Y53 i4 3 49 '¥L)355"51.495”.45g139
2023 26 14.084 153 13 [ 494 1,356 1,409 1 .i1§
2024 27| 00760 153 12 491 1.356 | . 1,406 o7
“Total ' | 10,260 : R o ’ 110,143
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Cash filow of Benefit and Cost

Input Data :-  Naradaw P= [[1,800] kW
- [Jear of Start 0] 1 [1957] P
. ' ; R ~__{Thousand W3
n Yoear Naradaw Diesel Year
N - _ | Invest.] Invest.] kW®h
1 Const. 0 1997 1,160 0 1897
Const. 1 1998 |- 6,900 488 - 1998
Const. 2 1998 3,450 488 : 1999
Opera. 3. 2000 4. 173 49 4,806 2000
(pera. 4200 5,446 2001
Opera. | 5. ..2002 6,117 2002
Opera. { 6l 2003 6,802 2003
Opera. 7 2004 7,437 2004
Upera.: 8§ | 2005 8,044 2005
Opera.: 9 - -2006 8,437 2006
Opera, | 10 | 2007 8,733 | 2007
Opera. | - 11 ].. 2008 83,9638 2008
Opera. 12 2008 9,157 | - 2009
Opera. | 13 2010 9,337 2019
Opera. | . 14 | - 2011 { : 9,420 ] - 2011t
‘i 0pera. |- 15 | 2012 . 491 9,491 2012
Re-Consty 16 1 2013 IRy 49 g, bbb 2013
‘Re-Const, 17| 2014 g8t 49| 9,608 2014
‘{Opera. [ . 18 2015 49{. 9,648 2015
4 Opera, | . 191 2016 9,690 2616
Opera.- AL 2017 8,630 2017
Opera. | 21 2018 9,690 ] .:2018
-t Opera. 22 2019 3.690 2018
1.0pera.-|. 23 20290 9,630 2020
Opera. 24 | 2021 9,690 2021
10pera, 25 2022 9,690 2022
Opera. - 26 - 2023 19,690 2023 |
Opera. 27 2024 173 49 9,690 2024
(27 z)
(Narada) * /;0&? M#
(1) Const. cost 2LES0 o« =3
£2)0 & M c.:.?;,t _MHJH’Z\W?_, %= 01y X ¢.015 L tED
] B
(3) Energy Me e 27 % % 10 kun
{42 Firm power ,_45@32_ kW
(Diegeld” _
(%) Inst. capaciby 700 v o= 4y %128 = $6D x1.25 = 700
(&) Const. cost R/ - (51 X 1,398 Ms/KY 3
(79 0 % M cout e HD e = B X .05 &)
(89 Fuel cost N ._lz.é.?&.;. * = {3 )_(D.‘i']/);‘;:ly.ga M4/ ke Wh i)

- AP4 .27




" 1.600 ] kW

Benefit Cost Ratio Calculation : Naradaw ~P=
. (Thousand M$)
Cost Stream: Benefit Stream ~ = -
Year 1/1.1 n Naradaw Alternative (Diesel). . ...
' ITnvest.| ¢ Value] Invest.! Fuel | Total ' {B Value
1997 0| 1.000.] 1,150 | 1.150.) . 0 o) . 0] - 0
1998 14.0.909 6,900 6,273 488 0 488 444
1999 2 0,826 3,450 | 2,851 1 . 488 0l 488, . 403
2000 3 0,761 173 130 - 49 -841.1. . 890 669
2001 41 0.683 173 118 43 953 [+ 1,002 684
2002 b 0.621 173 | 167 4% 7 1,070 1,119 - B9%
2603 6 0.564 173 98 49 1,180 1,239 70& '
2004 7 0.513 173 89 49 | 1,360 1 1,350 693“
2005 8 0. 467 173 81 49 11,408 1 1,457 - 6506
2006 9 0.424 173 73 49 | ‘1,476 1,525 B4T
2007 10| 0.386 173 67 49 '1}528 1,877 608
2008 11| 0.350 % 173 61 49 11,5681 1,618 | 567
2009 12 10,3191 - 173 | 55 49 [1:602 |7 1,651 '52&
20190 13 3,290 173 A0 49}'?1;634'- 1. 683 ‘487
2011 14 1°0.263 173 '45. .4Qf'f1;649'j,1,698 ”~j44T
2012 15 0.239 173 411 49 {1,661 [-=1,710. 409
2013 16 0.218 173 38 1. 537 1,672 }2,209% - 481
2014 171 0.198 173 34 | 537 1,681.4 72,218 | - 43§
2015 18| 0.180 173 31 {49 | 1.689 | 1,738 ] - 318
2016 19 0:164 173 28 49 {1 1,696 | . 1,745 285
2017 20 | 0.149 173 2% 48] 1,696 | 1,745} - 259
2018 a1 | 0.135 | 17370 23 49 | ‘1,696 | 1,745 | 236
2019 22 | o 123} 173 2t ] a9 | 1,896 {1,745 | 214
2020 23 | 0.112 173 19 49 | 1,596 |1, 745 195
2021 24 1:0.102 L 173 | 18 49 ‘l;896=‘51.745’ '1?7
2022 2h 0.092 173 | 16 49 1,696 ",1-,745= 161
2023 26 10,0384 173 15 49 71,6967 1,745 146
2024 27 0.076 173 | - 139 49 1,686 1,745 1 - 13%
Total {11,872 ‘ ) - 11,699
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Input Data : Nar.a_dnw kW
‘[ Year of Start (m=0_-1  [T8s11 -
' o L {Thousand M$)
.. Year Naradaw Diesel Year
AR ook Blpvest.l Invest.| kWh :
Congt. | . 0 1997 ¢ 1,310 4] . 19917
Const. |- 1 1998.1 7,860 488 1998
Consgt. - 2 1999.1 3,930 488 1999
Opera. 3 2040 157 49 1 4,932 20080
‘Opera. -4 2001 . 5,622 2001
Opera. 5 F2002 ~ 6,344 2002
Opera. ] 2003, 7.080 . 2003
Opera. 712004 7,815 2004
Opera. 81 2005 8,565 2005 |
Opera. g 2006 9,180 2006
Upera. 10 | - 2007 - 9,707 2007
Opera. <111 2008 10,093 2008
Opera. 12 2009 10,330 2003
Opera. 13 2010 10,639 1 - 2610
Opera. { i4 2011 18,753 2011
Opeca.- 15 1 ael2 - 10,866 3 - 2012
Re-Const] 16 | 2013 AB+49 | 10,965 | 2013
Re-Const] 17 2014 488t 44 1,068 2014
Opera. | 18 2815 ' 11,133 " 2015
Opera.’ 719 2016 11,341 2016
Opera. 20 2017 11,3414 2017
Opera. 21 ] 2018 11,341 2018
Opera._ 22172019 11, 341 2019
Opera. 23 20280 11,341 § 2020
4 Opera. . 24 2021 11,341 2021
{Opera. gh 2022 11,341 2022
{pera. 26 1 2023 11,341 2023
Opeca. 271 2024 | 797 49 [ 11,341 2024
' (2> (3 '
(Narada) + 000 M#
(1> Const. cost A3 400 » D
(Z) O & M Cost o e kD] % w1) X 0,015 a2
= ca : 6
(3 Energy - ,,"ZZlét * X 10 WWh
(4) Firm power ._-.,..5.!5_‘2.. kb
_;pieééxi
(5 Ins.t. capacity __,_?_QQ_ kW = (4) %X 1.25 = $60 X }.25 = 700
. (6> éqnst. coat “__5226_ * = (5) X 1,3P% Ms/ku BN &>
(7> O & M cost "“__ﬁigt ¥ = (B X 0.05 - (3
(8 Fuel cost 4378 » = XOATK 0. 18 18 /lckih LY
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Benefit Cost Ratio Calculation : Naradaw .P= [ _2.000] k¥ . _
- {Thousand W$)

o { _Cost Stream ~__Benefit Stream
Year - n A/11°n ) Narasdaw ] Alternative {Diesel)

N I Tuvest.| € Value| Invest.] Fuel | Total |B Value

1997 g 1.000 ] 1,310 1.3100.- 0] 0 o ]
1998 1] 0.908{ 7.860 | 7,145 . 488 . - ¢ 488 | . 444
1999 2 | o0.826 | 3,930 3,248 188 | 0 488 403
2000 3 6,750 F 197 148} 49 863 ] 9127] . 685
2001 41 0.683 ] 197 135] 49 984 | 1,033 | . 705
2002 51 o.620 ] 197 122 49 | 1,116 { 1,159 [ . 720
2003 6§ 0.564 | 1397 111 49 1 1,239 | 1.288 127
2004 7| 0.518 | . 197 161 49°1 1,868 | ‘1,417 727
2005 81 0,467 - 197 92 49 | 1,499 | 1,548 722
2006 94 00424 197 84 49 | 1,607 | 1,656 | . .702
2007 10 .0.386 ) 197 76 | 49 | 1,699 1,748 | 674
2008 11 70.350 ) 197 |  69) 491,766} 1,815 | 636
2009 12 { 0.319¢( - 187 63 49 11,817 1,866 . 534
2010 13 0,280 197} 57§ 49 1,862 |- 1,91t | . 553
2011 14 1.0.263} 197 | 521 49| 1,882 {1,931 | . . 508
2012 15 ] 0,239 ¢ 197 A7 ] 491 .1,902 11,951} 46T
2013 16| 0.218{ 187 43| 537 | 1,919 ] 2,456 | . 534
2014 17 1.0.198 197 39 537 | -1,;935 {:.2,4721 . 489
2015 181 0.180°). 197 35 49 [ 1,948 ] 1,997 (. .359
2016 19 -0.164}1 197 32 49 | 1,985 | 2,034 333
2017 20 | 0.149 197 = 29 49 | 1,985 |-2,034 | . 302
2018 21 | .0.135 197 |- 27 49 | -1,985.{ 2,034 | 275

2019 221 0.1238 197 . 24} . 49 ;1,985 | 2,034 | 250 |
2020 23| 0.112 197 2204 - 49 1,985 | 2,034 ) 22T
2021 24 | 0.102 ) . 187 | 200} - 49 |- 1;985 [ 2,034 | 206
2022 251 0.092 197 | 18| 49215985 | 2,034 - 188
2023 261 0,084 197 17| 491,985 | 2,034 171
2024 271 0.076 197 15| . 49} 1,085 | 2,034 | 155
“{ Total 113,181 1 ‘ 12,758

BC 1
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Input Data : Naradaw p= k¥
{ Year of Start {(n=0) [ 18971
- . (Thousand M$
n Year pNaradaw . Diesel Year
- Invest.] Invest.| kWh
Gonst. -0 1997 1,430 0 1997
Const.:. 1 1998 5,580 488 1998
Const. . 2 1999 | 4,290 488 . ] - 1999
Opera. | 3 2000 21% 49 4,792 20090
Opera. | 4 2001 5, 700 2001
Opera.- 5 2002 6,469 2002
Opera.. . 6. 2003 7.248 2003
Jpera. ki 2004 §. 000 F 2004
Jpera. 8 2005 8.788 2005
Opera.- 91 -2006 9,476 2006
| Opera. i0 2007 10,139 2007
Opera. 1i 2008 10, 766 2008
Opera.. 12 2009 11.245 2009 |
Opera. 13 2010 11,622 - 2010:
Opera. 14 | 2011 11,782 2011
Opera,_ 15 2012 111,934 ] 2812
- Re-Const] 16 [ 2013 4P 49 [ 12,060 | 2013 |
Re-Const] = 17 2014 +49 |12, 180 2014
{Jpera. § 18] 2015 ) 112,290 2015
{ Opera. ‘19 2015 . 12,1762 2016
Opera. 201 .20611 12,752 20117
| Opera. 21 2618 12,1762 2018
 {pera. 221 2019 12,752 2019
Opera.’ 23| 2020 12,1752 2020
Opera.. | 24 2021 12,752 2021
Opera; 25 2622 12,7562 2022
{Qpera. 26 2023 ~{12,7562- | 2p23
Opera. 27 | 2024 2/ 491{12,752 2024
o (2) (2 -
,(Naraﬁa) 7 * 000 f%d
(1) Const. cost _[_4&5@2‘ * ' (2
(2) B & M Cost . __2/8 % = 1) X 0.015 2y
i L. " e . 6
(3) Epergy e i A ______/;7;‘ ) # X 10 kWh
4y ‘Firm powser .y 72
(Diesel)
(5) Inst, cabaﬁity LLLZO0 kb o= ) X f.ZS' = 560 X [.25 = J00
(6) Const. cost Qb % = (3 X 1,398 M$/ku 3
(7) O & M cost . 9 % (B X 0,05 ' (3
(8). Fuel cost 21240 % = (3) XD4X O, 18 M8 /Ikh L
- P )

AP4 . 31
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Benefit Cost Ratio Calculation : Naradaw P= ,-21400‘ kW

e B (Thougand M$).
Cost Stream - Benéfit Stream

Year n i/1.1°n Naradaw . '] . Alternative (Diesel)
JTovest.l C Valuel -Invest.l Fuel Total B Value
1997 0] 1.000] 1.430] 1,430 0 0 -0 0
1998 © 1] 0.909°) 8,580 | 7.800.f 488 .0 488 | 444
1999 21 0.826 ] 4,290} 3,545 ] - 488 1 488 - ... 403
2000 3.1 0.761 215 | 162 49 839 888 | 667
2001 41 0.683 1 215 1471 . 49 998 | 1,047 | - 715
2002 -6 170.621 215, 133 49-| 1,132 | 1,181 733
2003 6] 0.564 215 121 49 1,268 | 1,317 - 744
2004 71 0.513 215 110 49 | 1,400 | 1,449 T 744
2005 -8 0.467 215 [ 100 49° 1,538 | 1,587 740 |
2006 9 0.424 | 215 - 41 49 |- 1,658 | 1,707 724
2007 10} 0.386 ) 215 83 49 [ 1,774} 1,823 - 703
2008 ‘114 0.350°} 215 16 49 1,884 [ 1,933 678
2009 12} 0.319] 219 69 49§ 1,968 7. 2,017} - 643
2010 13} 0,290 - 2156 62 49 ['-2,034 | :2,083°] - 603
2011 141 0.283°] 218 57 49 |2,062.{ 2,141 [ - 556
2012 154 .0.239. {215 | .. &1 49 12,088 2,137} -~ 512
2013 16 1 0.218 ] 215 - 47 537 | 2,111 ] 2,648 | - 576
2014 171 0,198 0 2154 - 43 5371 2,132 1 2,689 ) 528
2015 18| 0.180° 2156 39 49 [ 2,15 7] 2,200 396
2016 197 0.164 ' 215 35 49 2,232 | 2,281 373
2017 20 170,149 216 32 49 12,282 | 2,281 " 339
2018 211 0.135 215, 29 49 | 2,232 2,281} 308
2019 22 1 o.123 b 218 26 1 49 ) 2,282 1 2.281 | 280
2020 230 70.112 215, 24 491 2,232 1 2,281} - 255
2021 24° 0.102 | 215 . 22 492,282 1 -2,281 | - 232
2022 25°] 0.092 2161 . 20 49 ] 2,232 2,281 | 210
2023 26 | 0.084 215. 18 49 | 2,232 | 2,281 191
2024 27 ) 0,076 % 216 0.  ief . .49-2,232% 2,281 174
Total | 14,388 - 13,470

Ce7c] - L84
[BC | [e1e]
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2. Sé}éc#é)i of Opf-?mum Plan

Ve

(5) Gonstruction Cost _of Allernative Plans

OFTIMIZATION AT NARADAW

o, Plan

Installed Capacity
Maximum discharge 1
Construction Cost /

o2,

Layout )
{1} Intake M.R. -
I.R.

L .F. Conduilt M.R.

'Ganduit LK.

' Head Pond |
fﬁ) Surae Tank’
Fenstock
Foéer Statioﬁ

hccess Roads
Impruv.

(?) Turb./Generator

{10} Transformer

{(11) Trans. bLines

Diameter,
Mesilau River

Notes D
M.R.

i

(12> Spill way

AP4 - 33

Naredaw 1, 220Q)
He = 7485M

m

Net head 115

Concrete type
Concrete type .

(Wi ~ pord) ¢ Pord~ surge dank)

. ™
L(m) 2L (1.1 x290) a0 Crixt3l)
D e R
(m) O 6 (9.5 Inya) o7 (0.3Y878)
L(m) 2, Yo = .l x 2,220M
tem 0. = OBIG = 0.3Y0. 54 =0.73
{(m3) _ Hoo~ 250 ~h =
sz = ——‘é;-ﬁg_;; x 2.5 x 600 ¥ IR
N (m)
D (m) 0.8 = e i =065033= 075
b O 498 iR < YamT( geaie g2y
km 3.2
k.m D02
Type Tango Impulse/3¢ Synchronous.
Generator = 2 units
. RFPHM
l\,l
KA 1,800 x 1 unit, 3¢, 0 A
High {¥) 11,000
Low (V) 3,300
Type Steel post
. Bize. HAL 0,164 =g. in.
KV _ 11
L {km) 1.0
L = Length, _ ¥ = VYoltage
L.R. = Liwaagu River
L(m) 498 = Pensteck
pim). 0.7
1



Summary of Coasts (Unit 1,000 M$)

(1)

(2) -

- Establishment

Div Weir/Intake

LO0

Naradow

l, 220 KW
Hezptm

& .
Fw et %
- P<Lue 350,00, P 1000 400

| LR B, =3 oy = 29T
(3) L. P. Condult 2 &/8 M/? : /) i @L__;ﬁi i’b@
LR - Lo4om @ 0 (D)
(4) - Head Pond 500 =V 2o ™ @ 260 U’
(5) $urge Tank PO B _' .
(6) _Penst;)ck 458 = L _55%“ m @H_é_g_:;o .'f%n (D&. m)
{n S.pillseay 374 = [, 495 m @ _ 2¢0 L.P (Do) ™)
(8) Power Station 227 - 90 ¢ pYIRICE. /OX(/_,_,ZO *‘WE)&
(9) Access Roads $78  Power St 2.8 Km @,wi’g“ . 26
PiPe D% on g imewo = 2EE.
_ | Const f‘.g' km & o0 /32
- {10) Turb,/Generator - _ 220 0.7
Transformer/ete  2:942 ﬁT“ ) fo1. ( I 7c =)
(11) . Trans. Lines | 43 ) L . Em @ 43000 Bem
(2 syb Total 3,155
Establishment LE0
civil £,u13
Mech/Electr. 2,942 R 2y :
Contingencles 1,212 =008 f&ﬂn@@-héﬂm’:)c &13"‘"‘3755' )
Engineering 554 < £64x (aboue cosk )= 0,055 % fo 068
Total 10,622 = /0,6'oox '_105 M fi

[ M= 0.38 UsH = S4F
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Naradaw [, 20008

He= 170m
OFTIMTIZATION QT.HHRQDAN
1, Flan ) i m "
Installed Capacity B / ZA0KW Net head = 149 -3 70
Maximum dischargeg- 2 .87 mi/s
Construction Cost 7202 200,000 M

2. bLayout

(1) Intake M.K. . Concrete type
LR, Concrete type
{?) L.F. Conduit M.R. Ltm) LoD = 4 = A1X 910
LP Bim)  0.¢ =0ﬁﬁ§:a8ﬁ3@>=a506
vl = o
(%)¥Conduit  L.R. Lim) 2,890 = 4/2= 01X 263 054
| ' B 9.6 = 0.8 = osxfosf = &
{4} Head Fond (N3 2 c00
{5) surge Tank P (m) -
' - . 613
(6) Fenstock D(m BT = 06506 =0 65V55 = O

{7} Fower Station

(8) Access Roads
Improv.

(2} Turbk./Generator

(10) Transformer

(11) Trans. Lines

Diameter,
Mesilaw River

Notes - _' D
M.R.

LI}

(2) spill wy

Loemy 808 «ygigm = geger fhoso- 662)°
Struedual steef supperstructure

km 4.69

km L7

Type Targo Impulse!3¢ Synchronous
Generator x 2 units

RPM

v

KVA T x 1unity 3¢, oA
High (V) 11,000
Low (V) 3,300

Type Steel post

Sire HAL ©.1466 sq. in.
KV 11

L {km) 1.0

L = Length, VY = Vnltage
L.R. = Liwagu River

Lm) 270 =00 R =L 1xVBe 101030 780"
pny 047 = pdsfe = aé&‘xﬁﬁs} 2 0.613
i
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Ke

Summary of Coasts (Unit 1,000 M$)

Naradaw 1, 200KW
He = /770 M

(1) Establishment LD , ]t?<rooom %ga!; Pz 1. oo™ Y88 coo
(2) Div Weir/Intake 386 Lup 374 % {Dxé.  374x56n 090~ 183
. L}? 37“{3:“ 37% Joubx 0.49 = 203
(3) L. p. conault 2,629 M[Q L pedm @ 68D (06
1_ Q = L2870 m @ 650 ¢ D,060)
(4) Head Pond so0 =Y zoc0 Mm@ 250 #/n’
(5) Surge Tank - - |
~(6) Penstock g82 - L Set m @ 1220 mn (pOTm)
{(n Spillvay 152 = L 200 m @ 7‘50 P ¢ DOT7 )
(8) Power Station 253 © 79D ¢ 'PYf—f??)"—'sz'yj'/ow(?,zaoxWS.e
{9) Access Roads 8351 Twer SX. 2.8 wih @m“;’g“ . 9b
pipe 3.87 n g 120,000 = 487 ..
Const 42 km & (.00 » 72~
(10) Turb./Generator . S . o -
rranstormersetc 2541 = 10T ( = ) - to7 (J22e ;i;)o)
(11) Trans. Lines .' 43 1 =L | ym @ 43000 Hem
02 Sub Jotal 2,427 |
Establishment hoo | ?‘_‘”"5
civil 5,486 ‘
Mech/Electr. 2,541
Contingencies 1;264-; .* foX 5 x (W) ‘o, lf?‘( ?g‘l"Z'? )
Engineering £33 L L6 (al;oue r.o?i) ooffx 9, 9,691
R
Total (0:224 = (0,200 xzo3__mtzi
| .
[ MB= 0.38 UsH# = 34 F |
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Naradaw /600 W

He = tr1om

OFTIMIZATION AT MARADAW

1. Flan m - m
Installed Capacity Jap0 K Net head 1869 —¥% /70
Maximum discharge /18 mi/s — J 2 W
Conztruction Cost 2/ 300,000 M
2. Layout )
(1) Intake M.R. Concrete type Weolet [eve] /036%™
L.R. Concrete type Waler [evel /,oa.ﬁ‘m
(Z) L.F. Conduit M.R. L(m) Lol = ngho=llx @0
- . . - -D{m) b 3&.8}6-‘-‘&-5‘-(@?@ = 0)(;
(%) Conduit L.FR. Liny 2,890 = 4/@= )X 2,.55:0 |
e . : P{m} 0,7 ) = 0.53}'@: 49-3”‘{23.'70 = 066?
' (4) Head Fond ' (m3) 2,000
(s) Surge Tank : D {(m} -
(6) Penstock D (m) .8 = 0.65V0 o5V g = 0. 706

Loemy  BOS (@i o gaper flov- £62)°
Struclual steef suppersiructure

(7ﬁ Fower Station

(8) Access Roads kin 4.69
Improv.. km A4
{2} Turb./Generator . Type Targo Impulse/3¢ Synchronous
Generator » 2 units
RFIM
1%
(10) Transformer CKVA % 1 unity 3¢, 0 A

High (V) 11,000
Low (V) 3,300

" {11) Trans. Lines Type Steel bbst
B L Sire, HAL D.166 sq. in.

b 11

L (km) 1.0

ane: . D = Diameter L.? Length, . V = Voltage
M.R. = Mesilau Hiver L.R. = Liwagu River
(12) gP" Ilwoy o L(m) Z/0 =0t R = [ xV1B* +(1030 - 750)"
' Dy 0.7 = pésle = asSas : 0906
1.

APhH - 37



Naradow 1 600KW

Ke
He = j7ow
Summary of Coasts (Unit.l,OOO M$) '
i YW N ﬁ . KW 4
(1) Establishment A0 a F<'f,w> Qsow'Pg'z,cw_ 3%),0‘3%
- A
(2) piv Weir/Intake 4563 M;? 374, xyt)x-@—“ = 374 %) 05 g = 201
L LR=31 x{Dve 37‘7‘XV0;:"07D =262
(3) L. P Condult 2:818 MR <l 00m @ 650 (Do)
| LR 128900 @ g0 { Doge)
{(4) Head Pond so0 = ‘Vu,?,cx:_t?__ m @ 250 H/m’
(5)  Surge Tank ' — _ |
(6) Penstock Lol = L 508 m @ /330 Rn (DOE M)
(7) spillvay 188 . = [, 200 m @ ZSD L.P ¢DO7 )
(8 Pover Station 300" - g0 ¢ PYI:’é yo-bL 7@(/.600 KWJ
o ' '_(;; CBAm g
(9) Access Roads 635 T%wer Y. 2.8 km @ (2000 * @b -
S ad 381 k’”@lmooo*s.ﬁéj_;
7 - Cong"r- / 2 Em & . iH,000 = 2___
{10) Turb./Generator - ol _ P 7 é 07
2108 1 = o7 (- e 107 (4 00y
Transformer/ete ﬁﬁ? rieq
(11) Trans. Lines 4’3 ' L / gm @ 43000 'g/.tm
(120 Sub Total & 9496 -
Establishment '4‘951 
civil 5,985
Mech/Electr. _ -3 [a)’s (19 _
Contingencies . - (424 I- = 0. 1§ x (&4&4%%4)= 0. 'lk:’i(' ‘?,‘4-96 )
Engineering . &0/l ._§‘$‘/ (O.boue CO'S'*) 0055>< ’O ’?20
LI
Total 5211 = //,5‘00)6/03 Mﬂ

| M= 2. 38(/53 sa %”
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Napadaw 2000 /W

He = I"?{)W\
OFTIMIZATION AT NARADAW
1, Flan P. He - m
Installed Capacity 2,280 KW Net head 169 —» [70M
Maximum discharge@= /-8 ni/s
Construction Cost T, 0,000 M
Z. Layout . o
(1) Intake M.R. Concrete type
L.R. Concrete type
(2) L.F. Copduit M.R..  Lim) Nere, = J P = hjx Qi
: D{m} 0.7 = 0.86,= 0.82x[(0.8] * 0.604
= o}
(%) Conduit  L.K. Limy 2,890 = 4/@=11x263 )
D{m) 0.8 = 0.5/, 28091 = 0763
{4) Head Fond (m3) 2,000
{5) Surge Tank _ D (m) -
(&) Penstock D {m} 0.9 = 0.45V0 =2, 68 %V yF = 0191

Licmy  BOS < [@upE - ge57e flee-882)
Strucdual steef suppersiructure

{7) Power Station

(8) Access Roads km 4.69
Improv. " km /2
(2} Turb./Generator Type Targo Impulse/3¢ Synchronous
. Generator 1 2 units
RFM
v
(10) Transformer KVA ® 1 unity 3d, O A

High (V) 11,000
Low (V) 3,300

(11) Trans. Lines Type Steel post
Size HAL 0,164 sq. in.
r RV 11
L {km) ~ 1.0
MNote: * D = Diameter . = Length, V = Voltage
M.R. = Mesilau River L.R. = Liwagu River
_ R
(2)  gpillwoy . LOm)  2/0 - =h0L =LK rtese- 76007

Dy 0.8 = 0656 = asSHIeE = 0719

APh - -39



Naradaw =2 000 kW

He = 170"
Summary of Coasts {(Unit 1, ooo'ns) - P2 zeoo soo
: w350 §
- KLU -

(1) Establishment S0 | P<f00> 5_%905{) F’z J.o00 \%oco
(2} Div Weir/Intake ;55' ‘L”Q 374"{0)‘@ _ 374“07*0‘37: 2_:36
. LR = 37”“‘W 374% 0.8 x0- ?/-’ 219
(3) L. P. Condult 3,235 M[? : 'L-&?_?_‘?_m @ 150 ‘ O7my

LR - L28%m @ 860 (DPR.)
(4) Head Pond 50O = 2900 wm @ 250 S/M
(5) Surge Tank E '
(6) " penstock | Lz - = L 805 m @ 1»4-.?0__ Fon (Dﬂ?m)
(7 spillvay gl = 4, 210 m @ B6O i.p cbaﬁm)
{8)  Powver Station 343 = 79D ¢ Pyﬁ—éjg;é: /70!(2@:‘)*]/_;—(?)
{9) Access Roads £3& Pav& St & Km @Jzoﬂcﬁ)“ . '25 B
PiFe ;Laii«faﬂ@:,,ooo= "'C’,}
{onsT £22 KW B 0,000 > )7
{10} Turb./Generator ' .DT
2,634 - a 2, Oaa)
Transformer/etc Yreq
(11) Trans. Lines 43 <L _/ rm @ 43,'000. .ﬁ/xm
(U2) Sub Total = 10769
Establishment £00 _
civil b, 635
Mech/Electr. 3,634 . _
Contingencies [ 615 P = OIE X ('fs#.:tﬁﬂf)f—‘ 0.15x%( 10'7"6? )

Engineerxing

L3/ L6 &+ % (above cost )= p oSS x 12,384

Total

| Mfl= 0.38 UsH = $&¥F

13,065 = _jz,100 2 10* MY
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Noradaw 2,40 B0
He = 170 m

OFTIMIZATION AT MARADAL

1. Flan P. _ He=  m
Installed Capacity 2 .0 kw Net head 169 —» }J70™
Maximum discharoseg. .QstWBIE
Construction Cost s 100,000 M$

2. Layout

(1) Intake M.H. - Concrete type
' L.R. Concrete type

(23 L.P. Conduit M.R,  L{m)  Le¥d = 7./8 = Ljx 970 ‘4

. B(m) OT =0 35 - o.8vi0 ks = O EF
{3) Canduit L.R. Lim) 2,890 = £12= 11X {'frfo

_ : Dm) o-9 = 0.8V = 2.8xij.43 = 0.85
(4) Head Fond ' (M3) 2 o0
(5) Suwrge Tank D {(m} - _
{6) Fenstock _ : D tm) [N?) = 0.5V =0.68xY178 = 0%7

Lemy 805  oypge - 7857 + [[Tot6- 882)%
Struedual steef suppershructure

(7) Power Station

(8) Access Roads km 4.69
Improv. - km A
(?) Turb./Generator Type fargc Impulse/3¢ Synchronous
Benerator x 2 units
‘RPM =
v
(10) Transformer KvA " w1 unity 3, 0 oA
: High (V) 11,000
Low - (V) F, 300
fll) Trans. Lines Type Steel post
) Size HAL O.14846 sq. in.,
~ KV 11
L tkm). 1.0
- Note: - D = Diameter L.= Length, V = VYoltage
) M.R. = Mesilau River L.R. = Liwagu River
o UDspilwoy L(m) ~2/0 =it R =L xR 1(1030- 750)C
| pen) 0.9 = 0l6 = asSHLTE - 0.86]
1
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Nevadaw 2400 FV
Ke _

~ Summary of Coasts (Unit 1,000 M%) Pr zoce 8@ foo

t1) Establishment goo i P<{ocom 25002 Pz /. a0t fagooo

(2) Div wgir/Inpake é.“? 'J,Q 374 xr[?-x@, 374;“07,“9 LS = 252
- LR= 374xW 37“V0‘?r”3 = 277

(3) L. P. Condult 3,653 MR - L acom @ 150 (pOR

| LQ - L2stom @970 (207
{4) Head Pond SO0 | = ] _z,000 '@ 250 E’/rr

- (5) _ -surge Tank - '

s penstock /,224 s rn_ e 11520 ma (Dl0m)
(1) . spillway 204 = [, 200 m @ ‘?70 P CDOC?M)
(8) pover Station 383 = 770 ¢ Py“‘é)o - /7J¥(2}400 P!évcfjé
{9) Agcess Roads " 53§ Fer St. 2.8 5’ Km @ !wfz’ﬁ;ﬂ -

Non

Pipe —339 KM @ 120,000 487
(st 42 km® G000 12

(10) Turb,/Generabor :
4,128

1

. e P 2, 400 NP7
L f@ - = ———— e
Transformer/etc 07 () = 107 ( e
. {11y Trans. Li_nes. o 43 | = o ) ¥m @ 43,000 Fleva

(120 Sub Tetal & 1799 1

Establishment _ s00

civil o 7070 .

Mech/Electr. ' 4;:2.8

(;,qntf;nge_ncies_ .- , -170 = 0:’5 x (Esh:l'—'éﬂvfg) 0. /.‘Q"K( 117 )
Engineering 7%'3 £ S (aboue cost )= 0,055 13 569
Total | 1,315 | = 14,300 x :o__ =

| Mi= 0.38 (/sH = SL¥
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3. Calculation Data tor Commissioning Year in Chapter 9
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S .(oﬂle{//dffz\On Dada. ok Com}SSFOmﬂU@_' }/f’af
Pelaled 75 +he Following. Benefit CosT Rafio

Benefit Cost Ratio of Naradaw Scheme _
( Tn Case o4 Carabow Two Unids)

Commlssioning  Saleable Constrgction Benefit/Cost
Year Energy (GWh) Cost (1,000 M$)
2000 7.4. 11,500 i.01
2001 7.8 11,500 1.05
2003 8.6 11,500 1.12

Note (1) Saleable energy is an average for 10 years from
each commissioning year.

(2) Hinimum river maintenance water is assumed to be
0.1 m*/s in total.

(3) Construction cost of M$ll;500,006 1s- simply
estimated for the purpose of the optimization
only. _

Benefit Cost Ratio of Naradaw Scheme

( In Case of Copaboie One Unil)

Commissioning . Saleable " Construction Benefiti.t:ost
Year Energy (GWh) Gost (1,000 M$) i
1996 7.1 11,500 | 1 0.98
1997 7.7 11,500 .1.03
2000 8.9 11,500 1.15
Note; same as the note mentioned above.
Calculation Criderionn w00 WE
(1) Const. cost L5300
(2> 0 & M Cast 773 % = (1) X 0.015
Sopply copable s &
1:35‘%?'&—-'- 9T % X a0 kW
1) Firm pover __;51321 kW
(Diese{h
(5> Inst. capacity 700 W = a4y x!ZS‘ 56D X1.25 = 709
CED Canst. cost ____27_5_ L _c.::w X1 395‘ M/ kb
(7) 0 % Meost 4P x = (B X 0Lo5
(B} Fuel cost _ __j;,_é?ﬁ'ﬂ- * = (33 xM’]x ;n 18 M8 /klih
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Permissible Transmission Capacity
for 11 kV Existing Interconnection Line Ranau-Kundasang Grid

It is to consider a three-phase overhead line 6 miles long, from proposed mini
hydro P.P (Naradaw P.P) to Ranau, supplying energy at 11,000 volts with a
frequency of 50 Hz.
The conductors consist of No. 0000 B&S., stranded Aluminum, spaced in a
horizontal plane with a separation of 2.0 ft, between the center wire and each
of the outer wires.
It is desired to calculated the maximum load in kilowatts with the power
factor 0.8 which can be transmitted by this line and given that the inherent
regulation (or percentage voltage drop) must not exceed 10 percent when the
temperature of the wire at circumstances in 90°F.
. The calculation was made based on the following conditions:
Voltage between lines at receiving end,

E =°11,000 volts

Frequency, f = 50 Hz

. Power factor of load, Cos ¢ = 0.8

Length of line, L = 6 miléé

Diameter of No. 0000 stranded conductor

2r = 0.522 in

Area of cross-section of wire = 0.1662 sq. in

APS - 1



Reslstance, ohms per mile, at 20°C (68°F) = 0,430 O

The resistance per mile at 90°C

Rgp = Ry (1 + at) suvvvw. (1)

Where Rgy = resistance at 90°C
t = temperature rise above initial'temperatUre (20°C)
R,, = resistance at the initial temperature (20°C)

}  (390+167) _
(Rep = 0.430 SZEN = 0.523 ohn

The increase of resistance due to skin efféct need not be taken into account
because the product area x frequency is 0.1662 x50 = 8 (approximately), it

is seen that the skih-effect multiplier is so small as to be negligible.
The spacing between wires, in inches are:

a =24, b= 24, ¢ =48, and the eqﬁivalent spacing is

d=74"%X24 X 48 = 30.2 in.

Using this value in formula (i), or for d in formula (2), .

3

(IX) = 0.0046 £I log, “Ef‘" +0.000506 £ ...... . {1),

Reactive voltage drop (IX) per mile of single conductor

= 0.00466 £I log (1.285 ?) e (2)

i}

Hig,

;H;fi =116 which may be used in the formula (3)
.26 _ '

x = 0,00466 x £ x log (1.285 x 116) ....... (3}

AP5. - 2



The result is reactance per mile of single conductor, X = ¢.506 ohm

The required regulation of percentage voltage drop is

100 x

V-FE.
I (4)

Where V stands for the voltage between conductors at the sending end of the
line. The value (V - E) is equal to v3 (Vn - Fn) where Vn and En are star

voltages (conductor to neutral) at the sending and receiving ends, respective-

ly.
If the simplified formula (5) is used,
Vn =En+ IRcos 8 + IX sin 8 ....... (5)

giving the voitage drop per conductor, the loss of voltage as measured between

conductor is
(V - E) = v3 IL (R cos 8§ + X sin 8)

Accordingly, the following formula (6) and (7) are obtained based on

I = _PJ.__...—H
' VI Ecos O
_ - WL (Rcos B + X sin 8) -
_ (V E) ¥ cos volts ...... (6) (approx1mate1¥)
(v-p) + WL B2Xtan®) 00y L (7)  (approximately)

B

On the other hand, the percentage'voltage drop is as shown below.

100 (v~ E) _ 100 WL (R + X tan 0) (8).
5 g

Values for tan 6 corresponding to any - given power factor ({cos 8} may be

obtained from trigonometric tables, or following formula

AP5 -3



tan 8 = Ji-cosd

cos b

Applying formula (8) to the solution this particular problem,

W= percerit voltage drop x E?
100L (R + X tan §)

- 10 x (11,000)%
160 x & {0.523 + 0,506 x 0.75)}

The required answer is that the permissible maximum load at the receiving end
is 2,200 kW. A load in excess of this would cause the inherent regulation to

be greater than 10 percent.

APS - 4



~ Appendix 6 PRELIMINARY DESIGN







Appendix 8

PRELIMINARY DESiGN

CONTENTS
Stability Analysis of Dam
Optimum Diameter of Pipeline . .
Water Hammer Calculation . . . . .

Page

AP6-1

AP6-4

AP6-8






6.1

Stability Analysis of Dam

The dam bodies must be checked by making stability computation so that
following requirements at any horizontal section and contact face

betWeen-démbody and bedrock are satisfied against. external forces and

weight of the dam.

- {1) -No tensile stress must be produced along the upstream face (The

action line of resultant force must pass through the middle third

of bottom).

{2} No sliding must be .ensured against shear friction force.

- (3) Compressive stress at the bottom must not exceed it's allowable

1imit of the ground. (No settlement)

Above requirements are satisfied with following formula. Typical

section of Liwagu dam is studied.

i No tensile

o - | 2 BI_ 78.57 _7.0] -

B _ 7.0 '
e ad I LA S AARWLILEA Iy N I R - O S A A, I .~ OK
BV 2 23.38 2 3 6 .
B - No sliding
when no earthquake
FeRV. 0.75%23.38 _ 17.54
= = = = 1. -
“BH 12.75 iz.75 37 El.2 : Ok
when earthquake
ARV _ 0.75x23.38 _ 17.54
=2 = =1,05 .
H 16.69 ic.6e -9 &L Ok
i No settlement
zv e 23.38(, , 6x0.14 - 2 ' '
= = 2=t + L.l ) = N = .
B(1+ B) 2:2 (1 £ 3.74% %9a = 50 ton/m oK
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Calculation Sheet

Arm'LEHgfh

Moméent

Item External Force
| "~ {ton) coo {my {(t.m)
Self Weight 13.68 m? x 2.4= 32.83 2,153 . 70.68
Seismic Force 32.83 x 0.12 = 3.94 2.183 8.60
Hydrostatic . lya.s5xa.5 = 10,12 | Lxas =1.5 15.18
Pressure 2 3
—%x2.25x4.5= -1.62 %xl.a = 0.6 -0.97
Gravel Force -%22;25x4.5 = 5.06 1.5 7.59
-—%xO.Bxl.B =.-0,81 0.6 -0.49
. _41? R 3 -
P1~-§x2.r+1.8~ 2.7 m
Uplift P=0 m - ix7.0 =2.33 -22.02
. = -9.45 3 '
~Xyaax7.0 .
2 | .
. ' L _ _78.57 _
% Vertical Force | 32.83-9.45 = 23.38 x=122L = 3.36 78.57

% Horizontal
Force with

3.94%10,12-1.62+5.06-

Earthquake 0.81 = 16.69
% Horizontal F. )
without 16.69-3.94 = 12.75 - --

Earthquake

AP - 2
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Calculation of Benefit in terms of Firm Peak Power and Energy (1/1)

No. Item Unit Calcullzit::ion
{1)|Firm peak powér.j of MW 560 kW
Naradaw
(2) | Dependable capacity M (1) x (L-H)x(L-Hp)x(1-Hy)
of Naradaw : = 560(1-0.01)x(1-0.06)(1-0.10)
= 560x0.,8375 = 469 kW - -
{3)|Dependable caf)acitjr M Same as the value g_i\?en"in.(é)'
of Alternative ther- '
mal
(4)|Rated capacity of |- MM - {(3) ¢ {(A-TPx(1-Tp)x(1-T3)}
Alternative thermal_ = 4695(1=0,04)x(1-0.13)x(1~0.20)
= 469 + 0.6682 5 700 kW
(5) [Annual energy pro- 10° kwh 9.7_-x 106 kwh
duction of Naradaw :
(6) |Available Energy of | 10° kWh |(5) x (1-H;) = 9.7 x (1-0.01)
{Naradaw ' 4 1 =9.6 x 10° ¥h
“{7)YlAvailable Energy of 10% kwh "Same as the value given in (6)
Alternative thermal : : -
(8) |Annual energy pro-. | 105 kWh |(7) + (1-T,)- _
duction of Alterna- = 9.6 x 10%:(1-0.04)
tive thermal = 10.0 x 10% k¥Wh
Loss Rates of :_Hydro L : S
and Thermal Hydro Power Thermal Power
Station Service Rate 4 H, = 17 Ty = 4%
Outage Rate 7 H, = 61 T, = 132
Capacity Derated z H, = 10% T, = 201
Rate. . : ' '

AP6 - 6




Calcutation of Benefit in terins of Firm Peak Power and Energy (1/2)

- {9} |Fuel Consumptioﬁ per | - 0.354 ¢ /kWh
{10) |Fuel Cost per Liter oo 10.50 MSTE
(11) |Construction Cost S$/kw 1,395 M$/KW
per kW
(12) |construction Cost ~ | 10%¢ 11,395 x 700 = 976 x 10° M§
(13) |Service Life ' year n =~ 15 years
{14)}Annual Interest ﬁéte z i = 10%
(15) |capital Recovery CL(L+1)7) + {(1+i)"-1)
: Factor = £0.1(1+0.1)1%} + (0. 1)P-1y
= 0.13
(16) |Rate of O&M Cost to 7z |5z
Construction Cost
" Fixed Cost Variable cost
(17) | Interest & Deprecia- | . | ta2yxqs)y -
tion - |=127x10%M5
(18){0&M Cost (12)x(16)x0.8 (12)x(16)x0.2
I - =39x10°M$ =10x10°M$
(19) | Fuel Cost _ B (8)%x(9)x(10)
e : e = 1.698x10°M$
(20) | Total of Fixed Gost - jan+as | | -
: =166x10°M$§
(21)|Total of variable ' : - (18)+(19)
Cost - _ . b - _ =1.708x10°M$
(22) |Benefit Correspond-- | $/kW [(20)+(4) - -
ing to Firm Peak - - |=2375240M8 /kWh
-t Power - SRR C : : o
(23) Benefiﬁ,Correspond— . S/kw |- : _ (21)(8)
.. |ing to Energy . e _ o ; .. §70.171=0.18M$ /kWh
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6~3 Water Hammer Calculation

: Gross head 195
WATER HAMMER Discharge 0.7

1. PRESSURE WAVE VELOCITY

Liwagu

= 1/(w/g*(1/K+D/E/t)) 0 5

Where,
a : Pressure wave velocity (m/sec)'
w : Unit weight of water (1.0 tonf/m3)
£ : Accelation of gravity (9.8 m/sec2)
K : Bulk modulus of compre551h111ty of water
(2.07 x 1075 tonf/m2) :
E : Young's modulus of elastlclty for p1pe material
{for steel pipe = 2.1 x 10™7 tonf/m2)
D : Diameter of pipe (m)
t Pipe wall thiqkness {m)
D (m) t (m) a(wm/sec) ‘Length (m)
Liwagu pipeline 0.7 0.006  971.4 . 2680.0
Pensiock 0.8 0.006 - 936.2 - . . 456.3
- do - 0.8 0.007 976.7 120.4
~ do - 0.8 0.008 1010.7 . 90.3
- do - 0.8 0.009  1039.8 - 98.1
- do - 0.5_ 0.006. _ 1055.3 _ 15..0
' 3460.1
~a = L/(L1/al+L2/a2 ---- Ln/an)

969.877 m/sec

2. Water Hammer caused by the rapid closing of valve
(in the case T < 2%L./a = 7.14 sec)

H-Ho = - a/g*(Y—Vo)

Where, Ho :  Water head in censtant flowlng sxtuatlon

{(m)
Vo : Flow veloc;ty in constant f10w1ng Lo
. . situation (m).
H : Water head -at a given tlme after the .
' valve is operated (m) :
Y : Flow veloclty at a g1ven tlme after . the
' valve is operated (m) . :

When valve is fully closed and -V '= 0, H-Ho =a%Vo/g

is maximum additional head caused by water hammering.
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In case of
.Discharge in the pipeline : 0.70 m3/sec,
.Mean velocity in the pipeline : 1.724 m/sec

Maximum additional head by water hammer is
H - Ho = 170.619 m

3. Simplified method of calculations for water hammer

caused by slowly closing a valve

(in the case - T > 2xL/a =. 7.16 sec)

This formula is. based on the assumption.that from the

time the first reflective returns to the valve until

it is fully closed, the pressure remains unchanged

and that the effective opening area of the valve is
changed rectilinearly.

H/Ho = 1+n/2%(n+-(n"~2+4)"0.5)
. In this formula, + causes rise of the pressure at the
-'time of closing the valve, whereas, - causes drop at
the time of opening.: :
n = LiVo/ (TxgxHo)

Where, T : Time of valve closing (sec¢)

1. : Length of pipeline : 3460.1 (m)
He : 195 (m)
“Vo C1.724 (m/sec)
Time (sec) n S H (m). H (m)
S . (elosing) (opening)
10 0.31215 266.11 142 .89
12 0.26013 . 2562.7% 150.456
15 0.2081¢0 240.02 158.42
18 0.17342 231.88 163.99
22 0.14189 224.70 169.23
26  0.12006 219.86 172.95
.30 0.10405 .216.37 175.74
35 0.08819 . 213.18 178.37
40 0.07804 -~ 210.82 180.36
50 0.06243 207.56- 183.20
60 0.05203 - 205.41 185.12
80 0.03902 .202.76 187.54
100 :0.03122 201.18 189.01
120 -.0.02601. - 200.14 189.99
150 0.02081 199.190 190.98

200. 0.01561 . 198.07 - 191,98
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CASE - II

WATER HAMMER : Gross. head 184
_ . Discharge 1.2
1. PRESSURE HAVE VFLOCITY Mesilau

a = 1/(w/g*(1/K+D/E/t)) 0 5

Where,
a : Pressure wave velocity (m/sec) . .
w : Unit weight of water (1.0 tonf/m3)
£ : Accelation of gravity (9.8 m/sec2)
K : - Bulk modulus of- compress;blllty of water
(2.07:x 1075 tonf/m2)
E :: Young's madulus of eiast;c1ty for plpe materlal

(for steel pipe = 2.1 x 10°7 tonf/m2)

D Diameter of pipe (m)
t Pipe wall thickness (m)

- - . D (m) i:(m)_- a (m/sec) Length (m)
Megsilau pipeline 0.6 0.006 . 1010.7 990.0 -
Penstock 0.8 0.006 - 936.2 456.3

- do - G.8 0.007 - . 976.7 120.4
- do - 0.8 0.008 1010.7 90.3
- do - 0.8 0.009 - 1039.8 L 98.1
- do - .5 -0..006 1055.3 - 16.0

1770.1
L/(L1/al+L2/a2 ---- Ln/an)

b
It 1

989.978 m/sec

2. Water Hammer caused by. the rapid cloSing of valve
(in the case T < 2%L/fa = - 3.58 sec)

H-Ho = - a/g*{(V-Vo) .

Where, Ho : Water head in constant flowing situation
(m) AT .
Yo : Flow velocxty ‘in constant flowing
situation (m) -
H : Water head at .a glven time after the
valve 'is operated (m):
¥ : Flow velocity at- a given time after the
: -valve is operated (m)

when valve is fuliy ciosed and V = ¢, H-Ho =a#*Vo/g
is maximum additional head caused by water hammering.

AP6 - 10



In case of _
Discharge in the pipeline : 1.20 m3/sec,
Mean velocity in the pipeline : 2.046 m/sec

Maximum additional head by water hammer is
H - Ho = 206.683 m

3. Simplified method of calculations for waler hammer
caused by slovwly closing a valve
(in the case T > 2%L/a = 3.58 sec)

This formula is based on the assumption that from the
time the first reflective returns to the valve until
it is fully closed, the pressure remains unchanged
and that the effective opening area of the valve is
changed rectilineariy.

H/Ho = 1+4n/2%x(n+-(n"2+4)70.5)
In this formula, + causes rise of the pressure at the
time of closing the valve, whereas, - causes drop at

the time of opening.

n = LxYo/{(Txg%xHo)

Where, T Time of valve closing (sec)
: L : Length of pipeline : 1770.1 (m)
Ho : 184 (m) _
Yo : 2.047 (m/sec)
Time (sec) n H (m) H (m)
' (closing) (opening)
10 0.20093 224.87 150.56
12 0.16744 217.50 155.66
15 0.13395 210.35 160.95
18 0.11163 - 205.72 164.58
22 0.09133 201.59 167.95
26 0.07728 .198.78 1706.32
30 0.06698 196.74 172.08
35 0.050741 194.87 173.74
40 0.05023 193.48 174.99
50 0.04019 191.54 176.75
60 0.03349 190.27 177.94
80 0.02512 188.68 179.44
100 0.02009 187.73 180.34
120 0.01674 187.11 180.94
150 0.01340 186.48 181.55

S 200 0.010056 185.86 182.16
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6-4 Wall Thickness of Penstock

WALL THICKNESS (from Liwagu Intake)

No. L TL EL H P : Ph Pd t at W W Wt
(m) {(m) {m) {m) (kg/cm2) - (kg/cm2)  (kg/cm2) (cm) (em) (kg/m) (kg (kg)
Liwagu . :

headpond 0 0 1043.0 5.0 0.5 0.0 0.5 0.0299 0.6 103.58 0 0
2680.0 2680.0 1025.0 23.0 2.3 2.3 4.6 0.1510 0.6 103.58 277,594 277,594
Penstock 0 2680.0 1025.0 23.0 2.3 2.3 4.6 0.1704 0.6 118.38 -0 0
1 15.0 2695.0 1024.0 24.0 2.4 2.3 4.7 0.1743 0.6 118.38 1,780 1,780

2 42.0 2737.0 1024.0 24.0 2.4 2.3 4.7 0.1755 0.6 118.38 4,972 6,752

3 34.0 2771.0 1016.0 32.0 3.2 2.3 5.5 0.2037 0.6 118.38 4,020 10,771

4 11.0 2782.0 1015.0 - 33.0 3.3 2.4 5.7 0.2074 0.6 118.38 1,308 12,079

5 19.0 2801.0 1015.0 33.0 3.3 2.4 5.7 0.2079 0.6 118.38 2,249 14,328

6 26.0 2827.0 1015.0 33.0 3.3 2.4 5.7 0.2087 0.6 118.38 3,078 17,406

7 64.3 2891.3 '1009.0 39.0 3.9 2.4 6.3 0.2310 0.6 '118.38 7,610 25,015

8 41.2 2932.5 989.0 59.0 5.9 2.5 8.4 0.3002 0.6 118.38 4,875 29,891

9 21.0 2953.5 - 980.0 68.0 6.8 2.5 9.3 0.3315 0.6 118.38 2,489 32,379

10 24.7 2978.2 g71.0" 77.0 7.7 2.5 10.2 0.3628 0.6 118.38 2,924 35,303
11 12.4 2690.6 968.0 80.0 8.0 2.5 10.5 0.3734 0.6 118.38 1,464 36,768
12 11.2 3001.8 963.0 85.0 8.5 2.5 11.0 0.3907 0.6 118.38 1,324 38,091
13 13.0 3014.8 963.0 85.0 8.5 2.5 11.0 0.3911 0.6 118.38 1,539 39,630
14 40.5 3055.3 952.0 96.0 9.6 2.6 12.2 0.4297 0.6 118.38 4,797 44,427
15 23.4 3078.7 944.0 104.0 10.4 2.6 13.0 0.4576 0.6 118.38 2,771 47,198
16 57.6  3136.3 927.0 121.0 12. 2.7 14.8 0.5172 0.6 ©118.38 6,815 54,013
0.0 3136.3 927.0 121.0. 12.1 2.7 14.8 0.5172 0.7 138.10 0 54,013

17 42 .4 3178.6 913.0 135.0 13.5 2.7 16.2 0.5661 0.7 138.10 5,853 59,866
18 20.4 3199.0 909.0 139.0 13.9 2.7 16.6 0.5803 0.7 138.10 2,817 62,682
19 30.7 3229.7 899.0 149.0 14.9 2.7 17.6 0.6152 - 0.7 138.10 4,236 66,919
20 26.9 3256.6 889.0 159.0 -15.9 2.8 18.7 0.6500 0.7 138.10 3,718 70,637
0.0 3256.6 889.0 159.0 15.9 2.8 18.7 0.6500 0.8 157.83 0 70,637

21 59.1 3315.7 861.0 187.0 . 18.7 2.8 21.5 0.7470 0.8 157.83 9,321 79,958
22 31.2 3346.9 857.4 190.6 19.1 2.8 21.9 0.7602 0.8 1567.83 4,926 84,884
0.0  3346.9 - 857.4.  190.6 19.1 2.8 21.9 0.7602 0.9 177.56 0 84,884

23 4.0 3350.9 857.4 190.6 19.1 2.8 21.9 0.76G3 0.9 177.56 714 85,598
24 32.1 3383.0 '855.0 193.0 19.3 2.9 22.2 0.7694 6.9 177.56 5,693 91,291
25 . 33.0 3416.0 854.0 194.0 19.4 2.9 22.3 0.7737 0.9 177.56 5,862 97,153
26 16.0 3432.0  853.0 . 195.0 19.5 2.9 22.4 0.7776 0.9 177.56 2,847 99,999
27 13.0 3445.0 ° . 853.0 195.0 19.5 2.9 22.4 0.7780 0.9 177.56 2,308 102,308
28 0.0 3445.0 853.0 195.0 19.5 2.9 22.4 0.4919 0.6 73.98 0 102,308
29 15.0  3460.0 853.0 195.0 19.5 2.9 22.4 0.4921 0.6 73.98 2,219 104,527

Notes : TL. 't Length of pipeline

El. : Elevation of center of pipe
H : Static head
P . : Static pressure
Ph : Water hammer pressure
Pd : Design pressure.
t : Calculated thickness
at : Adopted thickness
W : Weight of pipe
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WEIGHT OF PIPELINES AND PENSTOCK

Pipeline t Length Weight
Cmm) (m) (ton)
I.iwagu Pipelinc §] 2680.0 277.0
D = 700
Mesilau Pipeline G 990.0 87.9
Connecting pipe 6 90.0 8.0
D = 600
Penstock
D = 800 6 456.3 54.0
7 120.4 16.6
8 90.3 14.2
9 98.1 17.4
D = 500 6 30.0 2.2

Penstock 795.0 104.5
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Summary of Construction Cost

Description

Amount
{48}
1. Civil Engineering Works 6, 099, 000
1.1 Preliminaries 200, 000
- 1.2 Liwagu Intake Facilities 509, 000
1.3 Mesilau Intake Facilities 641,400
1.4 Livwagu Pipeline 2,284, 000
1.5 Mesilau Pipeline 543, 000
1.6 Penstock 813, 000
- 1.7 Powerhouse 1175, 000
1.8 Access Road 928, 000
2. Eleetrical and Mechanical Works 3, 150, 000
R Transmiséion Line 140, 000
4. ?roject Land Cost and Compensations 250.000
" 5. Engineering and Management (10% of above total) 965, 000
6. Contingencies 896, 000
" 10% of Civil Engineerings Works 610, 000 .
5% of Electrical and Mechanical Works 158, 000
5% of Transmission Lines - 7,000
10% of Project Land Cost and Compensations 25. 000
"~ 10% of Engineering, Management and Commissioning 96, 060

Grand Total

11, 500, 000
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Conistruction Cost No.1
l.eriwagu Intake Facilities

1.2.1 Intake Dam and Desilting Basin

Description - Unit - Q’tf Unit_Pricg- Amount
] (M8) __(M$)
Site clearance & Setting out Ls | 1| mose| 7000
Temporary river diversion works LSy 15,000 | - "fE,GOG
Excavation in soft material n 3 e 1 o 700
Excavation in river gravel ' n'3 800 - - 10 8,000
Excavation in rock ms | 40| 60 2400
Mass concrete (1;3;6) m"3r 410 - 220 - 90, 200
Structurel concrete {1;2;4) m3 24 300 .12.000 :
Reinforcement t 1| 1,850 25, 900
Enbanknent N B 10 700
Gabion (L5 1.0 0. 5n) set | 60 80| - 4,800
Scouring gate (0. 7x0. %) 7 Set 2 8,000 | 15{000 :
Miscellaneous (5%) | | S 1 o 15,300 ;.
Total I . f., ' '  :#18,000 |
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Construction Cost No.2

1, 2.2 Headpond

- DPescription . Unit Q ty [Unit Pricg Amount
(M$) . (M3)
Site clearance & Setting out L.3 1 5, 000 5,000
‘Excavation in soft material m3 100 1 . 700
Excavation in river gravel m"3 250 10 2, 500
Excavation in rock n"3 50 80 3,000
Embankment n3 360 10 9, 600
Facing concrete (1;2:4) m3 180 300 54, 000
Structure concrete (1;2:4) m 3 200 300 60, 000
_.Reinforcement _ ) t 12 1,850 22, 200
PVC Waterstop ] 200 20 4, 000
Gravel _ m3 135 45 6, 210
Scouring gate (0.7x0. 9m) Set 1| 8,000 8, 000
Stop gate {0.7%0.7m) : Set i 7,000 1, 000
Miscellaneous (5%) '_ L.§ ' 8, 190
Total ' | | 191, 000
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Construction Cost No.3

1.3 Mesilau Intake Facilities

1.3.1 Intake Dam and Desilting Basin

Description Unit { Q ty lnit Pfice. Anount
' (M$) {(M3)
Site clearance & Setting out . Ls | 1] 1000|7000
Temporary river diversion work LS| 1] 75,000 -'. 75.000%
Excavation in soft material m“3 180 7 1. 260
_ Excavation in river gravel m3 189 B b : 1,800t
Bxcavation in rock ' m3 90 60 ©5, 400
Embankment "3 | 600 10 6,000
Mass concrete (1:3:6) m“é 440 N 220 ' 96, 800
Structure concrete (1:2:4) ' i3 - 300 3001 90,000
:Reinforcement t I 1,850 20,350
Gabion (1,5$<1.uxa.5m) : Set 60 C80( . 4.800
Scouring gate (0. 6X0. Mm) - Set | 1 6,0001 - 6,000 |
Scouring gate (LAXLom) - Set 1] 12,000 12, 000
Stop gate (0.9x0.9m) Set 1 10, 000 10, 000
Misceliancous (5%) S L N e | 16, 590
Total o | _'353,&00
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Construction Cost No.4

1.3.2 Headpond

Description . Unit Q'ty [Unit Pricey  Amount
(M%) (M$)
Site clearance & Setting out L.§ 1 5, 800 5, 000
Excavation in soft material m3 3,000 T 21, 000
Excavation in rock . m'3 . 500 60 30, 0090
Embankmen t B SpomT3 oL, 200 10 12, 000
Facing concrete (1;2:4) | n"3 200 - 300 60, 000
Structure concrete (1;2:4) n3 100 300 " 30,000
Reinforcement . 1t T| 1,850 12, 950°
PYC ¥Waterstop _ : | 250 20 5,000
~ Gravel m"3 | 150 46 6. 900
Masonry . o ' m3 25 50 - 1,250
Suppl&.&_inst. of connecting pipe m 90 450 | 40,500
{D=600mm) _
Supply ‘& inst. of scouring pipe . mo 36 T00 25, 200
(b=700mm) '
-Seouring valve (D=T700mm) Set 1 30,000 30, 060
Stop valve (D=600mm) . _ Set 1 22,000 22,000
‘Miscellaneous (5%) L.$ 1 14, 200
Total - | N | 294, 000
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1.4

Construction Cost ¥No.$

Liwagu Pipeline

. Deseription Tunit | @ty fnit Price .Amount'_
' (MR (M$)
~ Site clearance & Selting out [ 1} 38,000 '33,.006
Excavation in soft material m3 | 4D 7 "6.586
Excavation in rock - n"3 0 60. é
Supply & inst. of steel pipe mo| 2,680 700 1,876,000
(D=700mm, t=8mm) ' o
Saddle concrete (1:2:4) m3 300 - 300 80, 000
Anchor bloék & pger concrete (1:2;4) | n"3° 130 220 28, 600
Reinforcement t 14 '1,850': 25, 900. '_
Steelrbridge for pipeline :1=30m Sgt i .35;000' | '35, 000
.Steel bridge for pipeline :1=20m set 2 20,000 40, 006
Gravell B3 120 | 46 5,520 1
Stope valve (D=700mm) 1 set i 30,000 30, 000
Miscellancous (5%) L. 1 108 400
| o
Total _ 2, 284 000

AP7 - 6




Construciion Cost No.§

1.5 Mesilau Pipeline

Description Unit | @'ty Mnit'Price Amount
' (13) (M$)
Site clearance & Settinﬁ out L.§ 1 20,000 20,000.
Excavation in soft material n'3 160 T 1,120
Pxcavation in rock - m 3 0 60| 0
Supply'& inst. of ‘'steel pipe m 980 450 445.500.
(D=600mm, t=6mm)
Saddle concrete (1;2;4) m 3 60 300 18, 000
Anchor block concrete (1;2;4) m3 20 220 4, 400
'Reinfofeement t 3 1, 850 5, 550
Gravell n"3 9 46 414
Stop V;lfe (D=éDDRM) Set 1 22h000 22,000
Miscellaneous (5*). L.§ 1 26,016
Tpt_al 543, 000
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Congtruction Cost No.7

1.6 Penstock

Unit Pricq

Description | Unit Q Ly _ Amount
(M$) (M) .
Site clearance & Setting out L. 5. 1 44,400 44, 000
Excavation in soft material m'3 | 2, 900 T 20,300
Rock excavation n'3 720 60 43, 200
sand foundation for. penstack n’3 | 620 40 24, 800
Backfill for penstock n"3 | 1,600 10] 18,000
Supply & inst. of stecl pipe W 4173 1,150 . 543,950
(D=700%600mm, L=6mm)
Supply & inst. of steel pipe f 120 1,270 152, 400
(D=7002600mm, . t=Tmn) ' R
Supply & inst. of steel pipe m 90 i, 350 121, 560
(D=700%500mm, t=8mm) a :
Supply & inst. of steel pipe m 85 1, 480 118, 600
{D=700&600mm, t=0mm) o
Supply & inst. of steel pipe m 32 380 12, 160,
(D=500mm, t=6mm) :
Anchor block concrete (1;2:4) m3 140 220 30, 800
Reinforcement " ton 3 -1, 850 5, 550
Slope protection (Seeding) n"2 | 3,200 2 &, 400
Concrete pile (D=300mm, 1=1. 5m) pc 50 45 2, 250.
Miscellaneous (5%) L.§ i 54, 940
Total 1, 151, 000
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Construction Cost No.3

1.7 Powerhouse

‘Description ' Unit 0ty [Unit Price A.mo.unt

' ' (M3) M)
Site clearance & Setting out L.S 1| 7,000 1,000
Excavation in soft material n"3 2,700 1 18, 960
Excavation in rock n"3 300 50 18,000 |
Embankment m"3 0 5 0
Base concrete ('1,52';4) - m"3”_ o 220 -0
Structure concrete (1:2:4) n"3 130 300 39, 000
Reinforc;ement _ | t 47 1,850 1,400
Slope protection (S.eeding) n 2 340 2 680
Gravel o n3 170 46 1,820
Precast concrote gutter (30X $om) m 50 22 1, 100
Superstructure ' L.S 1 50, 000 50, 000
foist with girder _ L.S | 1.6,800 16, 800
Misc.eli..aneous (5% | L. S. 1§ ' 8, 300
Total .' _ ' S 175, 000
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Construction Cost No. 9

i.8 Access Road

Description Unit | Q' ty [nit Pries A_ﬁ]Qunt
(M$) g
Type A. m 2; 980 206 613, 880
Type B n | 2, 480 109 210, 320%
Miscellaneous L. 8. _1 43, 8()()-
Total 928, 000
Type A Site clearance m 1 5 §
Slo:pe protection (Seedinjg). i 8 2 12
Exc;vation m3 18 4. 70
Gravel '3 f s 28
Precast concrete gutte.r m 11 .22 22
(30_><30c_m) .- .
Concrete wall m3 0 300 60
Hume concrete pipe m ] ZS.E.)'. 9
Total . | 206
Type B Site clearance m RS 5 5
Slope proiection (Seeding) n 7 : 2_ 4
" Excavation n3 g 4 35
Gravel m'3 1 46 .28
Concreté wall m'3 0 _'3.0:0. 30
llume concrete pipe m .' 0 230 | T
Total 169
‘10
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Construction Cost Ko.l0

2. Blsctrical and Mechanical Works

Deseription Unit Q'ty [Unit Pricd Amount
Turbine and Generator L.S. 1 2,012,000
Transformer L.S. 1 214,000
Telecommunication L.s. 1 198, 0600
Transportation L.S. 1 242,000
Installation L. S. 1 484,000
" {including miscellaneous materials)
Total 3,150, 000

AP7 - 11







 Appendix8 ENVIRONMENTAL IMPACT STUDY







Appendix 8

ENVIRONMENTAL IMPACT STUDY

CONTENTS

Environmental Impact Assessment Report

(Executive Summsary)

AP8-1






Proposed Upper Liwagu HEP Project - EIA

Lembaga Letrik Sabah
Kota Kinabalu

SMALL SCALE HYDROELECTRIC POWER
DEVELOPMENT PROJECT AT UPPER LIWAGU RIVER

BASIN IN SABAH

ENVIRONMENTAL IMPACT ASSESSMENT
Final Report

~ May 1992

~Biro Penyelidikan: dan Perundingan
~~Universiti Kebangsaan Malaysia

- AP8 - 1



Proposed Upper Liwagu HEP Project - EIA : o Summary -t

EXECUTIVE SUMMARY

BACKGROUND

Sabah Electricity Board (SEB) proposes to install a small hydro-
clectric power generation facilities in the vicinity of Kp. Naradaw, Kundasang,
Sabah to cater for the growing power demand of the population and development
activities along the Kundasang - Ranau grid.

The proposed Naradaw scheme is a run of river type, compris-
ing two intake weirs: one will be on Sg. Liwagu proper and the second on Sg.
Mesilau. Water extracted from these two intake weirs will be piped to a head
pond before being surged down to a power house located near the confluence of
the two rivers. The Naradaw site has a total catchment area of 59.2 km? enabling
a design maximum discharge of 1.18 m¥s.~ With a net head of 169 m, the installed
capacity of the hydroplant is estimated at 1.6 MW,

_ - The aim of the present study is to investigaie and describe the
existing status of the physicochemical, biological and human components of the
environment within and in the vicinity of the project area, and thereon predict
the potential impacts of the activities related to the proposed hydroelectric instal-
lation as well as suggesting appropriate mitigation and abatement mcasures for .
incorporation into the project plan. ' '

'EXISTING ENVIRONMENT

CLIMATE: The areas along the upper reaches of the Liwagu
River are influenced by the southwest monsoon with rainy seasons between May
- October, and dry seasons between February - April. Kundasang has one of the
lowest recorded average anuual rainfalls in Sabah i.e. 2,313 mm presumably due
to the rainshadow effect. On the average about 1001 mm per year of rainfalll is
available for runoff and infiltration into the ground. There is little scasonal
variation of temperature in Kundasang; the hottest month, May, has a monthly
mean daily maximum of 25.7° the coolest being January, at 22.5% .

, - TOPOGRAPHY: Slopes' in the Study Area-are generally steep.
The Naradaw site has a- mountainland of elevations-from 840 to 1,040 m, through
which the Liwagu River and the Mesilau River meander from west-northwest to
east-southeast, The gradient of the Liwagu river is approximately 1/19, while that
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- Proposed Upper Liwagu HEP Project - ElA ) Summary 2

of the Mesllau River .is approximately is. Slopes. generally inclined 20 to 45
degrees, and paris of the stopes show okd or new signs of landslides.

. GEOLOGY: The project area is underlain by sedimentary rocks

_of Crocker Formation consisting of sandstone with minor shale/mudstone and

silistone alternations. Unconformably overlying the Crocker is the Pinosuk Gravel

.and recent riverine alluvium. The Crocker Formation has been extenswcly faulted
thh no prefered oncntatxon of fault lines. o

Weathered to freshly fractured sandslone boulders of the Crocker
Formation are .found at the intake site of the Liwagu River. At the Mesilau
intake, strongly brecciated sandstone of the Crocker Formation were found at the
depth of about 6 metres below the river bed

_ : The main sml assocnauons found in the Study Area are those of
Pmcrsuk Trusmach and Crocker Associations. The soil is suitable for the culti-
vation of vegetables, but because’ of the. steepnms of the terrain, there is a strong

erosion nsk ,

From scxsmﬂlagmal dala, re.corded earthquake.s west of Ranau
have had magmtude ranging from 4 - 5.9 on the Richter scale, and are of shallow
depth- (l&ss than 70 km). The most recent earthquake in this part of Sabah
measuring 5 on the Ritcher Scale accurred on 27 May 1991 followed by series of
aftcrshocks dunng the following weeks. :

DRAINAGE. The pro_]ect area lies within the catchment area of
the Sg. Liwagu, which flows gcncrally eastwards, eventuatly emergmg in Labuk
Bay on the Sulu Sea. Its source is in the Kinabalu Park, and it is this river which
provides water for oonsumpnon in the Ranau District. The. main tributaries upstream

- of the pro;ect ‘area is Sg. Mesilau East and West and Sg. Silau Silau. The catch-
ment areas for the ‘Mesilau rivers upstream of the proposed intake point is esti-
mated to be about 28 km? and that for Sg. Liwagu proper is 31 km?

LAND USE. Agr:cultural scctor represems the main produc—
-~ tion base for the economy of the ptoject area. -The swidden agnculturc appears
to have given way 1o a more séttled farming: method. Their effort is. being facili-
tated by Government ~agericies such as the Koperasi Pembangunan Desa (KPD)
which provides water supply and sprinkler system. Most holdings appear to range
from 0.6 - 0.8 ha. in size. The total area of cultivated land in Kundasang in 1984
was estimated about 750 ha. The. crops most commonly grown on the holdings are
mixed, non—tree crop’ horncuhure some. of which are indigenous o temperate
~ climates. In addmon to growing vcge{ables. many local residents keep some form
of hvcstock : 4 : -

'_ : WATER ‘UbE The water use m thc upslream area ol the proj-
ect snte arc m thrce main areas Viz. Bundu Tuhan, Kundasang, and Pinosuk Platcau.
 The esumatcd water demand for various uses (domestic, agncuiture commercial
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sther municipa! uses) in the three areas for 1990 is est:mmed al nearly 22
} (equivalent to 1.16 cumecs). - - : _

WATER QUALITY: erld observation indicates that the Liwagu
Mesilau - rivers are being dlrec!ly affected by the agncultura! urbanisation,
im and recreational activities in the Upper: Lawagu basin aithough the DOE
ds show that the water quality at Ranau still beongs to Class I water. “Water
¥y exaimination within the project area 'shows: relatively -high- loading of dis-
1 solids, organics and phosphates although the dissolved oxygen level in
_cases ‘are near saturation poiat. - Available data indicate that none of the
- 10n organochlorinie pesticides occur at detectable concentration in” water ‘al-
- th low quantities of these pesnc:dee have been detected in sedlmem samples

VEGETATION: The vegelalzon of thzs area is esscnt:ally that
wer montane tain forest which is characterised by two floristic zones, namely
|pper dipterocarp’ forest: (roughly-at 750" - 900 ‘m. altitude) -and oak-laurel-

2 (900 - 1800 m). Although the original hillslope vegetatlon has ‘mostly been
,,d and replaced with commercial vegetable plot, there are still a few remnant
iry species along the Liwagu and Mesilau river valleys; these include

. rocarpus- sp., Aglaia sp., Shoréa sp.,: E!eocaypus sp. and ‘Diospyros sp. Areas
- have ‘been severely affected by shifting cultivation - (slash -and burnt) “are

.. ver dominated by the secondary species®which include ‘Melochia umbellata,
- auclea gigantea, Brookea dasyntha, Trema sp.. and others. The above ground
1ss at the proposed powerhouse site was' found ‘to ‘be -only ‘about ‘16 tonne/
No unique floral specxes of specral conservat:on or sc;entlt“ c interests have

-found here. - - ; S Lk

WILDLIFE: Fauna represcntmg the ongmal commumty was
1 within-the remnants of the riverine reserves. The presence of Amolops
" headi and Ansonia long:dtgda in the Mesilau river imphes the existence originally
larger amphibian- commumty typical of hill forest. Nevertheless, substantial
er of Bufo jixtasper in the Mesilau river ‘indicates a trend towards the
ification of the amph:blan community caused by deforestation. Modification
&’ Mesilau-Liwagu va!leys is also evidenced by the high relative abundance of
in - colonising bird :species (bulbuls, prinias, munias) ‘typical of the dtstrubed'
~ ats of ‘the lowlands:” Few mammals were caught or-sighted, agam specxes
Al of dlsturbed iowlandlhlll forest No rare: or endangered specxes were re-'
.d S , :

- AQUATIC LIFE: Of the 11’ specses of fish caught at theh pro-f
© 1. Mesilau’ intake point; eight belongs' to Gaslromyzonhdae At the Liwagu
‘g, 15 species 'of fish have been sampled, 12 were found to belong‘to the
y Gastromyzontidae, two species from Anguillidae and only one species from

nidae. Of the 12 species caught from the stagu -Mesilau confluence, 10

- from' the family Gastromyzontidae and 2 species from the. famliy Anguilli-
~ -~ Thus, ‘at ‘the range"of altitude ‘wheré the hydro scheme is to be located, the'

. dominant fish famlly found in the slreams were Gastromyzonudae )
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.~ HUMAN ENVIRONMENT: The proposed project will acquire
about 10 ha. of land for laying the pipe, power house and :the pond. Most of these
lands are private lands. About five houses have to be relocated as they are lo-
" cated very close to the pipeline and the power house. All households in the study
- area belong to the lower income group of less than $400 per month,

The survey reveals that about 76 percent of respondents agreed
the project to be built in the proposed sile, 16 percent disagreed and the rest had
- no opinion. Those who disagreed feel that the area is not suitable for the hydro-
' elcctnc pro;ect in view of constant water shortagm :

POTENTIAL IMPACTS

INVESTIGATION STAGE: 'Ihe potentlai impacts of the sitc
Surveymg, engineering and geophysical investigations are expected to be of low
magnitude. Nevertheless, the entry of the mvestlgauon team should be made
known to the kampung head.

v - CONSTRUCTION AND DEVELOPMENT STAGE: Earth work
and excessive  use of the existing Kauluan gravel road can cause among
‘others, (i) damage to the road, (ii) soil erosion and slope failure, (iif) increase in
suspended sediment in“stream waters, (iv) increase of airborne partlculates dur-
ing dry periods, (v) noise from the machineries deployed, and (vi) inherent risks
to human safety both of onsite workers and the surrounding neighbourhood. The

" construction of intake weirs ‘can result in' immediate siltation of downstream water
if the’ flow is not properly diverted. Indiscriminate disposal of wastes into the
surrounding water bodies can seriously ‘affect the aquatic ecosystem and down-
stream water use. Appropriate mitigation measur&s must therefore be taken
dunng the cml works

- - OPERATION AND MAINTENANCE. Major environmental is-
‘sues that can be associated with the operation and maintenance of the proposed
small scale upper Liwagu HEP project are (i) the power generatlon activities,
particularly wxlh regard !0 water extractlon, and (ii) waste d:sposa]

Water quantuy for the L:wagu and’ Mesilau rivers upstream of
the intake points, and also the Liwagu river downstream of the power house will
“not be iafféé(ed "zis'-'what'(':onies' iﬂfo" the'HEP pla'nt"s'ystem will go out. '

: However for the stretch bctwccn the intake p-omts and the power
house. there will be some reduction in flow. The reduction in river water quantity
between the intake poinis and the powerhouse may lead to a number of adverse
~“implications, the most critical being possible loss of habitat for aquatic life. Another
potential negative impact will be creation of sites for mosquito breeding as low
flows will lead to formation of small water pools in the rocky bed.
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The pondmg of water is not’ cxpcck,d to affect the downstrcam
water quality as lhe retentson time in the pond is only about. 2 -hours,

Solid wastes, partlcularly the snll/sludge from the headpond and
uscd lubrlcatson oil from the power plant maintenance must be properly managed
to avoid polution of downs{ream water.

RECOMMENDATIONS

Based on the mtormauon gathered of the ex]sung cnvxronmem
and the proposed development and operational plans, - major recommendations
wﬂh regard to enwronmental preservatlons are. as. t‘ollows

1) In view of the pressing demand for water tesource by the
< ‘various -users within - the ‘upper. Liwagu :catchment area,” an
accurate; water auditing must be worked -out to verify the
feasibility of the proposed HEP project and avoid - adverse
environmental lmplrcallons associated with water.. quantity.

- 2) During low flows, priority mus£ be given to allocating suffi-
~cient quantity of flow for river: maintenance purposes {for
the intake - powerhouse stretch) the minimum flow recom-
‘mended is. 0.05 cumecs for Sg Mesﬂau and 0. 10 cumecs for

Sg Liwagu.

3) Affected v:!lagers must be appropnately compensated for io.sses
due to displacement or acqu:smon of land, prior to.com-
mencement of construction work.: : - :

4) As the area is still teclomcally ‘active, struclures mnst be :
firmly anchored to the bedrocks; all mstallatlons must incor-
porate adcquate safety. features to minimise impact in case
of foundation failure. ... e -

5) A]l engmeenng works must moorporate stnct erosion . con-
trol measures (o minimise siltation problem of surface wa-
ters dunng the construction stage. .

Table 10 . Summarises the potentlal impacts. and recommended mmgatlon and
abatement measures for the proposed upper Llwagu REP pro;ect ‘
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