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Caléh&&fh
o Year:

Consolldated

Sales:

_(Gwh)-.."

' Ehgrgy -
‘Reg't-
(GWh):

.PéHR  ..

Q)

- Load

Factor

(%)

‘(1)
:Actual.

'.31968:
13969
1970

11971
1972
1973

1974

1975
1976 -
L1977
1978

1969-1078L%

‘Forecast
1979 ,
1980 .
1981
1982 .
'1983;

1979 1983Z—

: 1984j l .
1985 -
- 1986
1987
1988
1989
©.1990

1984 1990Zl

'1979-19901-_,

(2)"

4,996
5,639
6,046
6,596
7,131
157231
7,804 .
85585u'

9,453

19,813
10,414

7,65

11,140
11,925
12,760 -
13,850
14,605

7.0%

15,630 .
16,725
17,900 -

19,145
20,485
21,920
23,455

...T;O%

7.0

.:(3}

5,387

6,087
. 65386 c
- 7,048

75555

8,212
8,240 -
'9 014
97626 .

- 10,357
11,223

7.6

12,010

12,850

13,750
14,710
15,740

16,840

18,020

19,280 . -
20,630 .
22,075
23,620

25,275

7.0

ENC

903
1,020
LA
1,205
41,331
1,335
1,379
- 1,513,
- 1,709
‘1,780

o

1,960
2,200

2,240

2,400 -

2,565

7.6

 2;?45;

2,940
3,145

3,365

3,600
3,850

4,120

7.0

7.0

)

68,1
681
_65.6
' 66.8

64.8

.f;Q812
-68.0

166.2
69.2
71,9

1 70.0

70.0
70.0
70.0

. .70.0

70.0°
70.0

- 70.0

70,0
70.0
70.0

170.0-

L_‘ Average annual compound growth '

Excludes pumplng requlrements

'Source. NAPOCOR Expan310n Program on June 1980



ﬁaas_th%@%ﬁﬁﬁgégffﬁﬁ@ﬁ%%m'

Consolidated: . - “Energy .- - Load: Pealk
 Year “Sales Loss = Production = Factor - .Power Demand
e (GWh) (%) o (GWR). Ll (%) 0 (MW)
(v {2y 3y - {4) o sy (8}

11,850 - 69 - 1,960
12,710 69 24100
13,6207 69 C 27250
14,580 .~ 69 2,410°
15,7100 70 2,560
17,0200 70 . 2,780
18,430~ 70 3,000
19,940 © 70 3,250
21,580 : 70 3;520
23,2000 . 70 - 3,780
25,080 .70 4,090
27,1100 70 0 45420
29,220 "~ 70 L 4,760
31,510 70 . 75,140
133,960 70 5,540
36,610 70 . 6,970°
39,460 . 7O 6,430

1979+ 10,963
1980 11,760
1981 12600
1982 13,490
1983 . - 14,610
1984 - 15,830
1985 17,140
1986 18,340
1987 20,070
.1988 : © 21,690
11989 123,450
1990 © 25,350
1991 . - 27,320
1992 29,460
1993 31,750
1994 . 34,230
1995 - 36,900

B e R R S R B RN S PR T
NIRRT R Rt N-FR-R-Ra S RE JCREE




;;4_.“ 1

"ﬁﬁffar Strength . -

B 57»3; ;:’ 2_7 V- W)aﬁfﬁ‘f?’f‘sﬁ |

" ‘Sample

:".-UnﬁaShedT .

déys o

o SRR S K o (kgjcmz)
o ?E‘Waghed o
28 days .

A sand
Do

240

240

. T-days - 28 days
387
443,

© 446

65
376
410
536

240
252
282
- 274
250
250

347 .

. 385
437

425

C 461
371
347
526 -

241 |
271
252
221,

341,

"Mean

A,D,F sand derived
..beach, location of

'Concrefe Stréﬁg§h

258

. L 438
from Tiver deposit, STM_Sdnd‘from'Sahta_Monica
sources shall be referred o Fig. 4-7.

L AT2 2n

Water cement

‘ratio

7 .days stréngth

28 days sﬁféhgth”

Mean . Mean

S (W e)

47'0% .. :
41.3 %
39.1 %

C(181,193) o 18T
(213, 206, 233) i 217 -
(255, 255, 257) 256

284
309 .
338

(201, 294, 267) .
(201, 334, 301) -
(318, 342, 354)
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Type_

Dlve131on tunnels

D951gn dlscharge (mB/Sec)
Number -

Diameter. (m)

'Length (m)

_Power tunnel

" Maximum dlscharge (m /sec)
Diameter (m)
Length (m)

Penstpbk line

Type

- Number :
Diameter. of penstock (m)
Length (m)

Power house o

Installed capac1ty (MW)

" Number of unit :
Rated head {(m)

. Tail water level (m)

163.86

_thernaﬁive Sﬁhéme
~AG-175 AG-165 ~ AG-155 ~AG-145
.Resefvoir; . . : , :5. S o
CHWL (in) 175.0.  165.0 ' 155.0 145.0
LWL (m) - o 135.0 - 128.0 = 120.8 113.8
lee storage (x106m3) 695.0  550.0 4380  336.0
Maln dam _ - . P .
Crest Elevatlon (m) 182.0  172.0  162.0  152.0
Crest length (m) '810.0 . 780.0 - .735.0.  695.0
Dam_height ‘above foundatlon {m) 182.0  172.0  162.0.. 152.0
Dam volume 1nc1 cofferdams (x106m-)' 20.21 17,03 0 14.31. 11.91
'Splllwax
" Design dlscharge (m3/Sec) - _' 10,600 _
: 14.0 H x 14'Wix 4 nos. gated

spilivay’ Wlth_Z_lanes of
210 m long side channel

5,210
S
19,0
816/817

163.45 162.97  161.36
62
226

 Embedded in tunnel

1
_ . 6.1 E |
370 350 . 330 - 310
1520 140 128 116
110.1 - 101.6 ~ 93.2  85.3
S5 |




-ﬁsgz_f;;*ﬁ%-ﬁ ®wf£®L$§

(mllljon US dollar

Alternatlve Scheme

'Replacement'Cost

o AG-175 AG-165___ AG-155  AG-145
1. Tand acquisition 3 2.7 2.3, 1,95
.2,  Preparatory ‘work 13.48 11.57 10:33 ©.9.61

3. .Diversion tumels . S 9,08 0 9.08 9.08 " 9.08
‘4, 'Main & cofferdams 148.42° © 125.54  105.86 . .88.28
§.ﬁfSp111Way__ - 24.15 24,15 0 .25.66 34.74

' (-5 _ (198.33) (173.04) (153 23) (143.6¢
‘,6,: Intdke & power tunnel - 1.97 1. 92_ 1.85 1.8
T fPenstock line : 0.32 . :0:32 0, 32 0,32
3, fPowerhouse and sw1tchyard : c3.08:0 2,92 2760 0 2.6C
9. Tailrace’ : -1:53;"’” 1 53 - .1.53 7 1,53
0 'Archltectural work "2{20_ 2,14 2:07‘ o 1,9%
o (7 ~10). _ {9.10) (3 83) (8. 53).° (8;24
11. Electroimechanical work 31,46 29.42  27.26 . 25.17
12, . . Transmission line 3,45 - 3.38 3.31. 3,28
13. ‘Hydro-mechanical work . .10.05 “10.00 . 9:95 9.9%¢
_ (117="13) " | (44.96) (42.80)  (40.52)  (38.3%
14. Contingency (10 %) 25,24 22.47°  .20.23 19.07
15." Engineering and administration - 16.66 14.83° "13.35 - 12.5¢
Grand Total 204.29 261.97  235.86 © 221.8

_ Operation and Maintenance Cost 23.23 21.38  19.75 18.67
1.60 1.52 - 1.44 1.3¢

- 10 -
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o (mllllon US dollars)

 York Ttem P.C. L.C. !  fotal
1. _Land'acquiSi%ioﬁ' = @;?O 2.70
'2."Preparatory works 11.44 12,01 13,45
3, Diversion tunnels 7.70 S35 11.45
4. Cofferdams 9.23 S 1.05 0 10,28
5. - Main dam 109.53 19 32: o 128.85
6. Spillway u 29, 84 2.48 32.32
{Sub total 1-6) 167.74 31,31 199.05
7.  Pover tunnel: 2f37 : 0157' 2 94
8. Powerhouse and Hailrace 5.02 - 0.54 5.56
9, ' Switchyard 0.40 .05 0. 45

10. Architectual worlis o 1.94 QST 2.7
(Sub total 7- 10) 9.73 11,93 11.66
- 11, Generatlng equlpment ' 22.02 2.93 24,95
12. _Transm1331on line and substation 5081 2.04 7.85
13, Mydro-mechanical’ equipment . 7.83 S 2715 9.98
(Sub'total 11u13)_, 35,66 7.12 42.78

14.. Physical- contlngency . 21.31  4.04; }25.35;'
15, Engineering and administration 14,07 S 2/66 7 16.73-
16. Price Lontlngency _ 125.60 35,40 161,00_
Total 374.11 82.46  456.57

- 11 -
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“(million US dollars)

._Wdrk:Item

_ PG, L.c. Total
1. 'Lénd“éqquisitionj._ ;o= '2.7Q=* 2,700 .
2. Preparatory works 9.72 1.86.. . 11,58
3. Diversion tunnels .67 3.42 9.09
4. Cofferdams 7,61 1.00  -8.61
5. Main, dam 98.31 18.62 . 116.93
6, Spillway 21,75 2.40 24.15
. (Sub total 1u6) 143.06 30,00  173.06
7. Power tunnel 1.69 0.54. 2.23
8. Powerhouse and tailrace 3.58 - 0.53 4,11
9. Switchyard 10.:28 0.05- 0,33
10,  Architectual works 1.43 0.71 2{14 )
{Sub total 7—10) 6.98 1.83 8.81. -
11, ‘Generailng equ1pment 22.Q2l 2.93 24.95
12. Transmission line and substation 5,81 2.04 7,85
13. Hydro-mechanical equipment 7.83% 2.15 9.98
(sub'tbtal”ilslj) 35.66 7.12. 42,78
14, ,Phy51cal contlngency 18,57 3,90 2é;47_
© 15, Englneerlng and admlnlstrailon 12,26 2.57 14.83
" Total. 216,53 45.42.  261.95
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{millien US doilars)

.. 'Revenus . Expenses .- i ' Opevating . Interest Net, Project’~; Surplus  Cumulated

Yoar’ . 70 & M Bepreci~ -.lncome . Income  Cost - Coon Surplus
: : S ¥ ation . . ' : Do .

(1) - . (2) {3} {4) {5) “{8) - (7 - C By (9}
. {1)-(2} ; {4)-(5) R OV R
—z3) AIREIRRIAS ISR . ¢ ) M.

Cagm - e - - S 258 a8 ~2.58
L1982 - A : BRI : 5.10 =510 ~8,28
1983 R S : . 25.22.  -25.22 =33.50°
1984 - ‘ _ S 40,34 40,34 ~73.84.
1985 ’ o ’ R O 1 R +135.23
1986 HEVRIE - U - 111011 211131 . -246.34
L1y AR RS ST E e 119,02 . =119.02 . -365.36
1988, e e o T . ' 91.21 91,2k - -456.57
1989 86.73 4.7 10,88 7L.69 LB 39,89 : 182,57 =374.00
1990 - 84.61 - 4,17  10.88 69.56 31014 18.42 D 180,44 ~2913.56
1991 B2.48 . 4.7, 10.88° 67.43 .30.43 3700 . 78431 -215,25
1992 C80,35; . 40T, 10.88 63.30 - 29.65 35.65 T 76,18 -139.01°
J1993 7822 0 40T 10,88 - . 63,17 - 28,82 3406 ‘ 74.05 -653.02
‘1994, 276,09 T AT 10.88- T 61.05°77. 27,90 . 33.14 ; S UTL92 16,50
1995 - 72.94° 4,17 | . ©10.88 57,90 - 26920 30.98 : 68.78 75,68
1995 _ 69.80° 4.17 - 10.88 154,75 25.84 . 28.91 . 65.63 141,31

1997 0. 66,650 L 4.17 10,88 51.61 24,68 26.93" 162,48 - 203.79

. 1998 163,500 . 0 417 10,887  48.46 | 22,42 25.04° ;59,34 - 263.13

1999 . 6036 1.7 10:88 . . 45,31 - 22,05 . 23.27- L 56419 319,32
2000 57 .2} AV 10.88 0 42,17 0 20.56 21,61 : . -53.04 PIT2E
2001 © 55,90 . - 4il7 . 0 10.88 40.86 . ¢ 18.95 | - 21.91 L 51.73 0 424009
2002 54.59 .47 10.88 : 39,55 . 17.20 . S35 250042 474,51
L2003 53,28 - 4.17. - -10.88 38,23 . 15.300 0 22,93 S 491 - 523.62
2004 . 5197 - 41T - 7 10488 36.92: 13.24 23.68 . : 47.80 571,42
2005 50i66 - 40T 10.88 "35.61 11,01 24.61 _ T 46.49 617.91
2006 90,08 4.17 . 10.88 35,03 8.58 ¢ '26.45 . o 45.91 663.82
20077 - - 49:50 . 4.1 :10.88 34.45 . 5.95 28.50. Co 45.33 -709.,15
2008 48.92 . 4.1y 10.88 33.87. . 1.10 30.78 T 44,75 73390
<2009 48.34 4.7 10.88 33,29 . 33,29 44:17 . 7198.07
. 20227 . . ABL34 o 4017 16.88 . 33.29 33,29 - R 1,372.28

12023 . 4B.34 407 10,88 - . 33.29 . 3329 _78_69._L= -34,52 L, 37.76
2024 4834 - 0 407 10.88 T I B © 33,29 . 44.17 - 1,381.93
2038 48034 - 4T " 20,88 33.29 33,29 44,17 | 2,000.31

Total . 2,743.92°  208.35 . 543.85  1,991.72 416,54 . 1,575.18 535.260 2,000,31°

'/1:. Beplacement vost o Lo
Note: FIRR Caleulstion by Surplus {8}

"Discounted at 10%  82.65 x 107 Uss -
Biscounted at L1 - 23.24 x' 102 uss
Diacounted st 12% -30.23 x 10”7 US$

FIRR = 11.4% .
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© Cash Inflow: - Cash Ou‘l.flnz\.- ;

Surplus Cumilated

- Bktermil Sodrees - Inkerngl Cash Geneyation .- c .. - Debb Servies i e © Sarplin
leun . Govermienl . Opevition. Depreciation Total -(l}nveatmeni. Interest Principal - _T‘“’“l' ; e .
S . . . ost . : o - v
Ak B Contribdion  lIncome . . " ) . . . . D _ :
T DR ) IR ¢ S w4) .45 {6} ST A{BY T T e) L o) L (1)
AL 225 0 AT . . L 2.7k 2,717 Co -
W2 A0k s 206 ‘ R T 6,06 : 6.06 . . - 6,06
Ry 1.2 - 10,82 : : S 30,06 30,06 ‘ T © 0,06
[UTIRRER IS4 1518 © ;. . : o 47.03 - 47.03 : -47.03
juis - FhU: 1B : ) o 7E.16 71.16 - - FE R O 5 T
jge 9Lk 15,00 . . 126.09 126.09 i 126.09
Wg7  He.0) T 4T : Lo 140,99 . Moy : 140.99
Es 7063 43,12 : o S 119,715 o 75 T S 119075
- i : . COThbY 088 - oB2.57 : 31.80. 7.73° 0 39.353. 0 43.05 . 43.05
3 . 69,56 10.88 ° 80.44 ’ 31.14 8.39-. . 39.53 . 40,91 " 83.96
" o _ 67.43! 10.88° . - 78.3L ) 130.43. 9.10 39.5% . 38,78 122,744
Pogyy - : S 8530 10.88 76.18 o © . 29.65 . 9.88; 39,53 36.65 . 159.19
Wl - 63,17 10,887 17405 . 2882 10.72 - 3%.53 . 34.53 519392
Youd . . 61.05 10.88 71.92 27,90 11,63 39.53. 32.39 ° 226.31
1945 R ©5T.90 10.88 - 6878 - 26.92 ° :12.62: . 39,53 7 29,25 . 255.36
1956 : 54.75 10.88-  65.63 - 25.84 13.69, 39.53° . 26.10 . 281.66
7 ’ Co 5L.61 10.88 . 6248 ‘ C24.68 7 . 1448570 39053 22.95 304, 61
2 yys o 48,46 10,88 T893 ©o23.42°  J16:11 . . 39,53 U 19.82; 324043
I oy : o 4541 © 10,88 56,19 22,05 17,48 - 239,53 0 16,66 - 1.09
42,17 10,887 ¢ s3.04 - 20.56 18.97 39.53 13,51 354,60
10.86 10,88 51,73 : 1§.95 . 20.58 .39.53 ‘12,20 366,80
W.55. - 10,88 5042 17.20 - 22,33 39.53 10,89 . -377.69
© O, 10.88 49,11 : 15.30 24,23, 39.53 O 9.59 - 187.28
36.92 10.88 _ 47.80 C13:24 26:29 . 39,53 8.37 395.55.
. : . 35,61 10.38 46,49 11,0t . 28.53 39.53 6.96 - 402,51
b i 315.03 . 10.88 45.91 - 8.58 (H0.95 39.53  6.38 108.89
w7 , 34.45 10. 88 To45.3) i 5.95 33.58 39,33 - . 5,80 414.69
KT R . ’ 13.87 10.88 44.75 ’ 3.10 . 36,44 39.53 523 ~419:92
IR ‘ 33.29 10.88 REETS ¥ R : - ST 464,09
¥3:29 10,88 4d.17 : : 44.17 [1,038:32
33.29.° 10.84 44T 18,69 ] : T8.69 © <34.51. 1,003.81
33.29 10.88 44,17 ' : ) : C44.17. 1,047.98
T332y 10.48 4487 i oo 44.18 1,666.39
Total 34.11 169,75 0 L9972 543,85 .0 3,079.42 0 22,39 . 416.54 . 374011 - 1,413.03 1,666.39

Cster - (5) = (1)« {20 ¢ () 4 (4)

(9) =06 v (7 v (8

{10) = (5) - (9) -

‘lh'.h_l Sl:‘l‘v]'.(;.i! I_"ﬂ.ti() ‘(I)I.S-_R.):

DSR2 (03 ()/U(T) + (8)

< D.S.R. in 1989 is 2,09 while 1.13 in 2008

~=Av1-r.agt.= D.5.R. !.‘: 153 .fm" .Lhe 26 years' rlulhl. service pm-iml..
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‘Eroded bonk around the Banugao .Sireu_fn' _Gu_ugihg
Station during the flood “on Oct. 26,1978

FWL " Rl

Th'e_ trunk of this tree is -
stained . with mud proving
the flood haight

Fig.5-1 Flood Marks af Bdnﬁglod :gn Agos River_"caused 3
by the Typhoon Kading Oct. 26, 1978 o
{ Photographs faken on’ March 9, 1979)
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