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12.3.

Constiruction Cost

The construction costs for Schemes A, B, C, D, E, F and H were

computed and are shown in Table 12.3 through 12.9. The most
economical alternatives were -selected by making a comparative

study of various schemes investigated.

Economic comparison of schemes A, B, D, E, F and H is given in

" Table-12,10.

The economic studies were made using the following assumptions:

Period : 14 years from 1992 to 2005
Discount rate : + 10, 12, 14, 16%
Exchange rate A : USS1 = B2l = ¥150

Unit cost for evaluation _ 3
of generated energy : 16 Wh = 26,071 x $10

This value was obtained by calculating ouly the variable
costs based on oil fired powerplants, now In operation,

which have relatively poor thermal efficiency.

Fuel Price 14.311 $/bbl
‘Heat content 6.21 MBTU/MWh
Heat Rate 10.753 MBTU/MWh
(corresponding to thermal efficiency 31.74%)
_ Variable O/M Ratio 1%
‘Station Use Rate 4 %

‘The costs were calculated after converted to 1991 values by the

following three classifications:

- (a) Initial construction cost

{b) . Maintenaiice cost thereafter

(¢) Cost for evaluation of gemerated energy

12 =66



The calculation results are summarized in Table-12,11. The
most economical scheme is Scheme (E) among Plans {A}, (B), (D)
and (F). The additional work for Schemes (F)} and (H)} produce
less additional generated energy as compared with the construc-
tion cost Involved, and, therefore they are considered to be

uneconomical.

12 ~:67
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Table — 12.10.

Yearly Construction Cost &:Generatgd Energy Comparison

Unit : US3 1,000

1987

1988 -

1980 | 1990 | 1991

1992

1993

1994

1995

1936

1997

1998

1999

2000

2005

2010

2015

2020

2025 | 2030 | 2035

(Potent ial)

Generated Energy Estimate (GWH)

352.2

358, 7

358.3 | 358.01 357.6

357.3

357.0

356. 8

356.5

356, 2

385.9

355, 4

359, 1

354.7

354, 2

313

345.7

339.2

325,11 315.7] 314.5

Scheme

1

Description

Yeary
Item

1987

- 1988

1989 | 1990 | 1991

1092

1993

1994

1995

1996

1997

1998

1999

2000

2005

2010

2015

2020

2025 | 2030 | 2035

Removal of Sediments by
Big Dredging Boat
213,040

Generated Energy
{GWH)

- 352.2

358.7

1358.3

308.0 | 357.6

357.3

357.0

356. 8

356.5

356, 2

355.5

365.2

395.1

354.7

354.9 |

351.3

349, 1

339.2

325, 1) 315.7| 314.5

Canstruction Cost

1392

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500

4500 | 4500

Suspension of -
Current (5/C)

16688

Energy to be used
(GWH)

21.0

21.0

21.0

7.0

21.0

21.0

21.0

27.0

21.0

21.0

21.0| 21,07 21.0

Heightening of the

Existing Intake Tower

91,281

| Generated Encray

(GwH)

352.2

- 358.7

358.3| 368.0! 357.6

- 365.2

354.9

304.6

352.5

350.4

345.7

339.8

326.11 316.4 1 314.5

Construction Cost

2290

| 5750

5750

9280

3040 -

9137

37

5137

Suspension of
Current (S/C)

- 8/C

5-C

Erergy to be used
{(GWH)

_S/C

5/C

5/C

Provision of a Large
Capacity Sediment
Removal Facility

49,700

Generated Energy
(GWH )

'352.2

398.7

358.3

358.0

316

3558.5

355.2

354.9

354, 6

352.5

350. 4

345.7

339.8

325.1) 316.4 | 314.5 |

Constriction Cost,

2684

15995 -

13869

14596

2556

Suspension of
Current  (S/C)

Energy to bé used
(GWH)

Provision of a New Intake

Tower (Inclined Type)
26,110

Generated Energy
(GWH)

352.2

- 358.7

358.3

398,01 357.6

3565. 9

35%.2

354.9

304.6

3825

350. 4

345.7

339.8

326.1] 316.4 | 314.5

Construction Cost

1240

110810

1130

Suspension of
Current

{(3/C) 1

6950

“8/C

| 5980

"8/C

5/C

Energy to be used
C(GWH )

S/C

Provision of a New Intake

Tower {Vertical Type)
19, 350

Genera ted Eriergy
(GWH)

358, 7

358.3 - 358.0 | 357.6

397

342.9

2.0

339.1

333.6

355.5

355.2

354.9

354.6

352.5

350.4

345. 7

339.8

325,11 316,41 3id.b

Construction Cost

352.2

11170

6637

7283

3890

370

Suspension of

Plant - -
erated
at LWL

» o

N

5/C

i

Energy to be used
(GWH)

-t Apr~Jun
| Jar~Mar|

Jan~Marf

Apr~jun
Jan~Mar|

Apr~Jun
Jan~Mar

Apr~Jun

Rever —bed Escavation

13,800

Generated Enemy
(GWH)

3.0

3.0

2.7

2.6

2.7

9.7

2.7

2.7

2.7

2.7

2.6

2.5 2.4 2.4

Construction Cost,

1333

133

2.7

133

3667

3667

Suspension of
Current . (5/C)

3667

Energ_y_ to be used
- {(GWH)

Tailrace Extension

11,900

Generat ed Energy
(GWH)

1.2

.-1.2

1.2

1.2

1.1

1.1 1.0 1.0

Construction Cost

| 4140 -

7460 -

300

1.2

1.2

Suspélisi_on of
Current  (S5/C)

| Jae~Mar

Apr~Ma

Energy to be used

(GWH)

12 =75







Table — 12.11

Calculation Result (1)

saome|  Cost Discount Rate (%) .
10 12 14 16
(a) 3,317.00 3,186.95 3,064.47 2,04898
(b) 543516 4,707.29 4,099.27 3.588.26
A To tal 875216 7.894.24 7.163.74 653724
(10° §) (65.12) (5874) (5330) | (4864)
(a) 375918 3,520.80 3,303.71 310558
(b) 20292 157.68 123.07 96.48
B Total 3,962.1.0 367848 3426.78 320206
(im$) (2948) | (2737) (2550) |  (2382)
b (a) 3.010.33 2.866.99 273364 260938
(10° $) (2240) (21.33) (2034) (19.42)
E Ca) 2,284.92 2,179.35 2,080.94 1,989.05
: (10° $) (1700) | (1622) (1548) (1480)
(a) 287.27 28214 27719 27241
(b) 1,42067 .26 1.77 112747 1,013.20
F Total 1,707.94 1,543.91 1,404.66 1.285.61
(10%%) (1271) | (1149) (1045) (957)
T(e) (0465) (0.414) (0.371) (0.334)
“(a) 125880 | 117860 110507 1.037.29
H | (10°%) (9.37) (877) (822) (71.72)
(o) (or112) (0095) |  (0.080) (0.069)

(Neote) Unit 100 Million Yen, However Unit in parenthesis is US$ 10°

. Caleulation Resul £(2) - Cost for evaluation of generated energy in plan(A)
_ Discount Rate (%)
Scheme Cost - — : - :
| 10 12 14 16
A | Qoeed) (:343) (2.97) (259) (2.27)

12 -76



12,4,

12.4.1.

12.4.2.

Total Cost and Further_Investig@tion for Rehabilitation Work

Estimate of Total Cost for Rehabilitation Work

The total cost for the proposed rehabilitation work including
the rehabilitation work fequired for the intake tower, Scheme
E, is shown in Table 12,12, The cost of the construction
work in foreign and local -currencies and the associated

yearly expenses aré'summafized in Tables-12.13 through 12.19.

Further Investigation for Rehabilitation Work

It is essential to undertake additional survey and investiga-
tion prior'to the implémentationibf'the rehabilitation pro—
gram as mentioned below, so as to ensure a smoother progress
of the detalled design work. Such survey ‘and investigation:
should be commenced from 1989 and completed Ey the end of
1990 at the latest., (See Table-12,20) :

(1) Topographic Survey

A considerable area was covered by the additional topo-~
graphic survey work done for'this report, but further
survey will be needed. to confirm the adequacy of the
proposed sites for the new intake tower and dredging .
facilities, and the proposed quarry site and spoil bank.
‘Also additionally needed is sounding survey of the up-
stream side slope of the-dam-and'fouté:survey for the

construction of access roads to the tailrace.
(2) Boriﬁg Tests
A series of additional ‘geological survey will be neéded_

to - support the study of designing énd-:construction

“methodology of ‘ structures.. To be covered by the survey,
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(3)

(4)

is the geology of the proposed site for the new intake
tower, particularly for the vertical shaft and its con-
nection to the existing headrace tunnel, and the dis-

t¥ibution of base rock masses at the quarry site. Bor-

- ing tests will also be needed for clarifying the geology

and soil properties of the proposed spoil bank and two
sedimentation basins for dredging. Some 20 bores with a
total length of about 800 m will be required for the

purpose.
Geophysical Prospecting

Upon confirmation to some extent of the geology of the
quarry site by bnfing tests, further detailed investiga-
tion by means of seismic prospecting and exploratory
drilling should be dome to clarify the distribution of
rock masses. Field rock tests should also be dene,
utilizing a drain adit installed on the left bank of the

spillwéy.
Other Tests

Laboratery tests of soil and rock materials for the dam
émbankment and the spoil bank foundation should be done
bn the samples taken from the boring tests and other
geological imvestigations to  support the design work.
Soil and rock materials in the fault zone in the

vicinity of the left bank of the spillway should also
bé'tested for future design work., It may also be useful

for the future dredging program to make labdratory tests

"on the samples of sand silts in the reservoir, including

among others: congulation test, sedimentation test and

consolidation test.
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Besides, it may be necessary to check the state of the
turbine inlet valves to support the planning of repair
and replacement. Chances of repairing turbines should
be utilized for the check. It may alsc be uwecessary to
check the state of the inlet of the existing intake
tawer ‘to prepare for the future design work and the
planning of work schedules. The check may be done in
detail by sending a diver down to the inlet at the time
when the reservoir water level comes down and the plant

can be taken out of service,
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Table — 12.12 -Summary of Rehabilitation Cost for Ambuklao Dam
Unit : US$ 1Million
Work Item Foreign Portionjl.ocal Portion Total
1. Cest for Rehabilitation Work
Improvement of Intake Tower - 12522 6.828 19350
Improvement of 1.800 0.333 2133
Turbine Inlet Valve
Riverbed Arrangement at 0.347 0.986 1.333
‘Tailrace Cutlet
Dredging around Intake Tower 3.180 2276 5456
‘Dam Upstream Face 1.907 5426 7333
Rehabilitation )
Subtotal 19756 15849 35605
. Cost for Investigation
Boring - 0113 0113
- Physical Prospecting - 0.020 0.020
Survey = 0.180 0.180
Tests — 0.057 0.057
Subtotal 0,370 0370
. Right of way Cost - 0500 0.500
. .Engineering Fee 1.8400 — 1.800
. NAPOCOR Administration Fee - 0.600 0.600
. Contingency 1941 1620 3.561
. Total 23497 18939 42436

1

2 =80



6'809°L | TBOLQ | ¥L2€TT | 2858  0999% 7186 vy L 9999 .m.m..wm.ow. * rejol 2
(9188°L) [(80SLL) (102601 )(5522'8) |(L260p) | (082€'2)|(L0ST'T) |[(9999) |(09ev2y)|&
2189 . 1969 8886 I'vel . I21¢ 08vi Loy 0194t fouesutiaos ‘9.
. (0198¢) . .
y'e6 m,m.m £'€6 £'E6 €6 499 L'99 0009 . U0 {30135 U IUPY MOD0AVN. ‘€
000% h.mow L'99v 9997 00 o.w__H .oo,w Suriesuifug b
2991 9991 FACI N o..o.om amoox.malwol..ﬁm_m "
g0L1 .o...oom . 0°0LE 450 qozmmﬁm@bﬁw .N
£7989 L'812'L | £€¥%2'01 | L'86S'L ¢re9'l £eEl £'v88'ce |¥ 12404408
(02089) |(7'196'9) (0'888'6) |(rIve's) |(L02I'e) | (6'620'1)(9907) | 1(0s09'ged s S
£992% 0002 0€EE'L ‘a0 wealysdf) weq
TEEHEYE EEFREE R £60Le  |# :
i e R ) 2oV om0 aejul
grege’ . . . 0'EEET IV §274NQ 20vITIRY
0eer'e G'EETC oim\w.pm.EH surqang,
00Le 0068'¢ : €€8Z'L L'9€9°9 0oLl co0se6t hwaofw.mxﬁﬁ
180D UOI3BITIqRYRY T
$ 0001
9661 5661 661 (E66T s661 - 1661 0661 6361 1800 1'30] Wwaly ¥IoM
0007 ¢ Si 131U

xpox uo,_”um.u,:w@mgwm I03 sosuadxy Llavel

gicl

— @lael

12 - 81



Table—12.14(a) Scheme E (Vertical Intake Tower) Construction Cost (M 1)

_ Unit: US $1
. Work Item Specification] Q' ty | Unit g?ize ‘F.C. L.C. Total
A. Civil Work
1. Construction
onst | 970,000| 970,000
Excavation 5000 m 8 40,000 40,000
Crusher—run 26,000 it 30 780,000 780,000
Slope Protection 500 ap 160 80,000 80,000
Cg’;f{f;‘nt:nt 700 @ ! 100 70,000f 70,000
. Working Area
Execavation Cutting |25,000{ v 8 200,000 200,000
;. Pneumatic ) -
- Eneumat 170,800/ 1,229,200/ 1,700,000
Temporary Facility - 470,800|  655,200{1,126,000
Excavation 5000f 65 395.000| 325,000
Concreting 1,100 v 180 198,000{ 198,000
Re-bar 51 ton: 1,000 51,000) 51,000
| .

4. Shaft 1,091,200/ 2,818.800/3,910,000
Tenborary Faci lity | 1| LS 1.091.200{ 1,518.800|2.610,000
_Excavation | 7,000 @ | 75 525.000{ 525000
Concreting - 3,100 w250 775.000] 775,000

50 P'lugg'ingwork_ i i 74.000| 276.000] 350,000
Temporaty Facility’ 1 LS | L 74,0001 102,950{ 176.950
Removal of - ' '

gmoval | 70 w115 8,050 8,050
Conereting 550 ™ . 300 165,000 165,000
 Stop log | 353,000| 167,000 520,000
- Setting of log I} Ls 115000 142,000f 257,000
Setting Equipment tob LS 160,000 ~ | 160,000
Others : 1 LS 78.000] 25,000 103,000
Total 1,989,000| 5.661,000(7.650,000
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Table-~1214(b) Scheme E (Vertical Intake Tower) Construction Cost (Na2)

Unit:UsS$ 1
Work Item  |Specification| Q‘ty | Unit .g‘;}ge F.C. L.C. Total
B. Intake Tower
Construction
1. Temp orary Facility -gg;‘;fefetc 1| Ls 467,000 133.000| 600,000
2. Embedded Port ion 867,000 | 367,000[1,234.000
' : F.C70 | ton [7,640.00] .. : , :
Manufacture L.C70 ton |3.330.00 534,800 233,100 _.767,900
Installation 1 LS 332,200 133,900 466_.100 :
3. Intake Tower 6,246,000 267,000{6,513,000
Manufacture 600 ton_ 1.640.00 4,584,0'00 ) — 14,584,000
Installation 1| LS |1:662,000| 267,000{1,920,000
4.Sleeve Gate _ 1,140,0001  67,000(1,207,600
Manufacture 110 ton 7:,64'0.00 840,400 - 840,400
Installation 1l Ls 299,600 67.000| 366,600
5. Hoisting Winch 1,813,000 | 133.000{1,946.000
Manufacture . 180 | ton |7.640.00!1.375.200 — 11,375,200
Installation 1| Ls 437,800 | 133,000} 570,800
6.Bridge — 200,000] 200,000
Manufac ture 40 1 ton 333000 - | 133.200] 133.200
Installation 1, LS - 66,800 66,800
Total 10,533,000 1,167,00001,700,600
Grand Total 12,522,000] 6,828,000(19,350,000
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Table — 12,15 Cost for Turbine Inlet Valve

Unit:US § 1
Work Item Specification| Q‘ty | Unit g;‘:;ﬁe F.C. L.C. Total
1. Civil Work - 11,000{ 11,000
Temperary Teility 1 LS — 4,100 4,000
Faurdation Work for : — 2.400 2,400
“Accessory Equipment
Remeoval of Old 5 m 120 — 600 G600
. _Fo_undation
Concreting for 6 m 300 - 1,800 1,800
New Foundation ) _
Foundation Work : — 4,500 4,500
for Valve : .
Reimoval of Old 10 e 120 - 1,200 1,200
Foundation : ' '
Concreting for 11 His 300 - 3.300 3.300
Mew Foundation
o Coastruction Work ' ' 2,122,000
* for Valve
Cost of Manufacture | 90 | ton [10,700 | 963000|  ~— | 963,000
i
. I : :
Removal of Old 60 ton | 5,350 | 321,000 — 1 321,000
Valve . i
, . : Removal of : 516,000 322,000 838,000
Instaliation Old Va Ive : :
Transport &
Installation
of New Valve
Total ' . - : 1,800,000 333,0002,133,000
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Table — 12.16 Scheme F' ! Riverbed Arrangement Cost

Unit:US § 1
Work Item Specification] Q ty | Unit | DRt | poc. L.C. | Total

1. Access Road 152,000 - 152,000
Excavation 4,000 ne 8 32,000 32,000
- Slop Protection 500{ w |160 80,000| 80,000
Concrete Pavement 400! m™ |00 40,000| 40,000
2. Reverbed Arrangement 347.000 834,000(1,181,000
Temporary Work 1l Ls 35,000| - 30,000 65000
Excavation 750001 o | 110 248,000 577.000] 825,000
Disposal of Sediment 175,000 | * = 3.2 64,000 176,000] 240,000
‘Others 1]l Ls 51,000 51,000
" Total 347,000 986,000(1,333.000

|

|
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Table — 12.17 Dredging Cost Around Intake Tower

Unit:US § 1

Work Item Specification| Qty | Unit | pub | F.C. L.C. | Total

A: Civil Work 0| 374,000 374,000
Associated Work for

T K ot 01 170.000| 170,000

Pipe Foundation |Geinforced | 430 points 132 01 56760| 56760

Inclined Way ditto 1| Ls 0| 33300| 33300

Moor ing Faci 1ity il Ls 0 267 00| 26,700

Working Base,Road : 1 LS 0 26,700 26,700

Qthers 11. 1S ] 26,540 26,540

2 Disposal Pond 0| 204.000! 204,000

Dra inage Work 50caX 50cn | 800 | m 34 0 27,2000 27,200

Embankment Core Type 1| LS 0| 75000 75000

" Inside Embankent 1] Ls 01 90,000 90,000

Others 0 11,800 11,800

B. Dredging Equipment 12.653.333 | 283.33412.936.667

Dredger ?geﬂelgg;lade' 1| Unit 1.727,0001,586.334 | 140,666 11,727,000

Booster 1125 KW 1l LS 316,000 | 21,000} 337,000

Pipe Line land 1,300m 1| Ls 376,666 , 11,334} 388,000

on g : :
B on . 500m i| LS ;
Electric Facility [700 KVA 1| LS 124,000 . 21.600; 148,600
. Transmission Facility | 700 KVA 1| Ls | 0 83000] 83.000
. ]
long 12m, . ' 3
Tugﬁoat L 150 PS 1| Unit 179,333 .197 179,530
Other Accessory  |oredger Cablel 1 7 -g 1 71,0000 25371 73537
: 750 m : i

C. Design Cost 1l LS 526,667 0| 526,667

D. Dredging Cost il Ls 0 11,618,667 |1,618,667

Total - |- . 3,180,000 |2,276.000 (5,456,000
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Table-12.18

Breakdown of Rehabilitation Cost on Dam Ubstream Face

Unit: US $.

‘ w1 T Tmit | b
Work Item Spe%. Qty ?Un1t§ Price ¥.C. 1..G. ! Total
s | -! i i é
‘1. Direct Construc- : : ‘ R
: tion Cost ! : ' 1,254,800 3,678,400 4,933,200
' Clearing of : . ! é o
3 Quarry Site i 50,000 m®: 0.208 0 10,000 = 10,000
E Removal of g i § g _ §
: Surface Soil {200,000 | w’; 3.6 § 200,000 520,000 . 720,000
: Land Grading of § § E i
; Disposal Area : 100,000 m® 0.6 §. 0 60,000 | 60,000
: ! . i {
i Excavation E : R _
; - Cutting and, ing | 35,000 'l 8.0°$ 65,000 | 215,000 . 280,000
; Collection, é 5 ; § !
: - and : : ; N : t
; E;ﬁgiﬁ;;;tagf ! 30,000 m? 10,1 $ 86,000 | 217,000 | 303,000
: ‘ ; ; i :
; Rock Materials i ! _ : N .
{  Riprap 1110,000 | '] 8.5 §' 266,000 ;| 669,000 = 935,000
; Excavation § 'é _ Co .
i -~ Cutting and leveling: 25,000 m®; 31:0 $¢ 224,000 ] 551,000 ; 775,000;
; under water level ] ; _ ! ! t
! Riprap-Under : i _§ _ : :
: water level 90,000 m*{ 20.0 ${ 413,800 | 1,386,200 1,800,000
! i : :
Others i 1 LS : g 0 50,200 50,200
L i - i i . . -
2, Common Temporary o : o
Facilities | [ 348,900 { - 884,400 1,233,300.
3. Site Operation : o L g :
Cost 129,900 i 369,600 499,500
4, Overhead 173,400 '493;600_2:'667;0002
Total 1,907,000 | 5,426,000 i7,333,000;
Table-12.18
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Table-12.19 Breakdown of Rehabilitation Cost on Dam Upstream Face
(Slope Gradient 1 : 1.75)
Unit : US $
Work Item Qty | Unit | IRt F.C. L.C. Total
Price ~ :
1. Direct Construc~
tion Cost 1,025,200 | 3,030,300 | 4,055,500
Cleafing of
Quarry Site 50,000 | w2 | 0.2 0 10,000 10,000
Removal of
Surface Soil 200,000 n> 3.6 206,000 520,000 720,000
Land Grading of
Disposal Area 100,000 m3 0,6 2] 60,000 60, 000
Excavgtioq g 3 =
~ Cutting an -
gleveling 49,000 m 8.0 91,000 301,000 392,000
Collection,
Transport and q
Embankment of 8,000_ i 10.1 23,000 57,800 80,800
Rock Materials )
Riprap 115,000 | w> | 8.5 278,000 | 699,500 977,500
Excavation
- Qutting and leveling| 15,000 m® | 31.0 i 134,400 330,600 465,000
under water level [ i
Riprap-Under E : ;
water level 65,000 m3 120.0 298,800 | 1,001,200 1,300,000
Otehrs 1 LS 0 50,200 50,200
2, Common Tempbrary i _ :
Facilities 286,800 : 727,100 1,013,900 !
! ! ' -
3. Site Operation 5 : : ; ,
Cost 106,800 | 303,800 410,600
4. Overhead 142,500 |  405,500| 548,000
Total 1,561,300 | 4,466,700 | 6,028,000
Table-12.19
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12.5.

12,541,

12.5,2.

Fconomical Analysis

Method of Analysis

As a result of the screening test, and as explained in Para-
graph 12.1.1, above, it was found that, of the five schemes
studied for the problem of the reservoir sedimentation,

Scheme E was the most advantageous,

An. economic analysis on a system wide basis was made to

"determine whether an overall rehabilitation of the Ambuklao

Project as described in Section 12.4, above, was economically

more suitable, or substitution of the Ambuklao by another

power source could be more advantageous. The above analysis

was  based on the data given in the "Power Development Pro-
gram, 1987 to 2000", a study of power requirements made by

NAPOCOR and issued in June 1987.

The above study includes energy and demand forecasts, data
on the power expansion program, outputs of wvarious power
sources,and economic conditions for fixed and variable cost

computations,

“The -basis of the analysis and 1its results are described

below.,

Purpose of the Analysis

- In accordance with the findings of the Power Developmént

Pr’qgram”of NAPOCOR.*'(NAPOCOR'.Program), the  expected year of
retirement “for the Ambuklao powerplant 1is 2006 or 2007,
éounting' from its c’omniissioning year. Loss or decrease of
generation : by the Ambuklao powerplant ~according to the pro-

gram is not anticipated until after 2000.
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However, the studies presented in this Report indicate that,
if no measures 4dgainst sedimentation are taken, loss or
decrease of power generation by the Ambuklao powerplant will

occur no later than 1996.

In order to prevent the above from happening, two basic

alternative measures were studied. They were:

(a) Alternative "A" - Rehabilitation of the Ambuklao Pro-

ject, as .described im Section 12,1, above, Items (1)

thru (4).

(b) Alternative "B" - Instead of the above, construction of

a new geothermal plant (I x'55 MW) with the same produc-
tion capability as that of the Ambuklao powerplant,
Include this in the NAPOCOR- Programs

The analysis was made to determine which of the above two
alternatives was wmore economical from point of view of the

overall power system operation,

In addition to the above, a third alternative was also
studied. This alternative was based on the assumption that
‘MO MEASUres will be ‘taken for the rehabilitation of the
Ambuklao Project, but, the loss of power at the Ambuklao
would be supplemented by additional power generation from

the other existing plants,

This alternative - is {0 assume uo . réhabilitation of the
Ambuklao dam to be done -and the -resultant losses in -capa-;'
~bility (kW) and energy .(kWH)"to be madeffup'by-.thos.e attain—
able from .the employment. of "tlﬁe system's reserve marging

capacity at the cost of the. systém reliability.
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12.5.3.

AssumEtions

(1)

(2)

Load demand forecast

The load demand forecast used in this analysis was in

accordance with the NAPOCOR program,

Power development program

Based on the WAPOCOR Program for the 1987 to 2000

period, the following alternatives were considered.

" (a) Alternative "A" - Rehabilitation of the Ambuklao

Project, no change to the NAPOCOR Program.

(b) Alternative "B" ~ No rehabilitation of the Ambuklao

Project, but add a geothermal plant (1 x 55 MW} to
the NAPOCOR Program,

(c¢) Alternative "C" = Ho rehabilitation of the Awbuklao

Project and no change to ‘the HAPOCOR Program,

This alternative is to assume a scenario in which the

" demand and energy needs would be met by placing the sys-

tem's reserve margin capacity into service as a tempo-
rary measure, and should be considered as a case for

referenc¢e only,

‘The operation’ and maintenance costs for the above three

alternatives were taken into consideration. They were
combined as required with the construction costs discus-

sed in Section 12,3, above, and used in the economic

evaluation of the above alternatives. As discussed fur-

ther below, for economic comparison, the Internal Rate

© of Return for eaéh'alternative was computed and compari-

son made.
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(3)

Period of analysis and cost computation

" The power demand forecast and the required power deve-

lopment given in the NAPOCOR's Program cover the period

to year 2000,

Reduction in generation of the Ambuklao powerplant will
start in 1990, if no rehabilitation work is carried out,
and its operation will be discontinied in or after 1996,
Therefore,.the system wide'analyéis was made for five
years covering the period  from 1996 to 2000. The cash
flow from 2001 to 2050 was calculated assuming that 90
percent of the initial investment cost will be rein-
vested at evéry depreciation period of the powerplant,

and there would be mo change in the O/M cost,

The_cost for the Ambuklao Dam rehabilitation was assumed

to be disbursed from 1992 to 1996.

Heasures for shortage of power generation during

rehabilitation

The work on the dam rehabilitation will be carried out
dufing the dry seaéons, from 1992 to 1994; by lowering
the reservoir watef 1evél; During the dry seasons from
1995 to 1996, the generation will have to be suspended
dintermittently. However,: since dead _diécharge' is not
considered during the above period, the influencg'of the
decrease in generation of the Ambuklao péwerplant on the
whole gystem could be ignored :from__point of view of
system wi&e anélysis as the decrease could be supple-

ménted by the operation of other plants.

Therefore, no investment was considered ‘for ‘measures

against shortage of pbwer:generation_during rehabilita-
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(5)

(6)

tion. The power demand-supply balance for the period of
no operation of the Ambuklao powerplant 1s covered iIn

the following Section.

Evaluation of the output decrease after completion of

the rehabilitation

Even after the completion of the rehabilitation of the
Ambuklac Project, the power output may decrease due to
the increase in sediment. The annual output at nommal
water level in 1996 is estimated at 356.2 GWh, and for
2000, at 354.6 GWh. Since the estimated decrease will
be only 1.6 GWh (0.452), the output for each year bet-
ween 1996 and 2000 was assumed for the system wide

analysis the same as that for 2000.

Cost calculation

Te calculate the cost for each alternative, the invest-

ment cost for Alternative "A" consists of the invesiment

cost provided in the NAPOCOR's Program plus rehabilita-

tion work cost. For Alternative "B", the investment

"cost consists of the one shown in the NAPOCOR's Program

plus the cost of a new geothermal plant, and for Alter—
native "C", the investment cost 1is assumed to be the

same as that in the NAPOCOR's Program.

“For calculation of operation and maintenance cost (o/M),

a system wide analysis for each alternative was made to
determine the optimum 1dad sharing by each power source.

After that, the cost for each type of fuel was calcu-

'1ated. 'The-reSults'are ghown in Table-12.5.21.
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12.5.40

“12.5.5.

Outline of the Results

The Internal Rate of Return (IRR) of Alternative "A" with
regard to Alternative "B" was 42.84 percent, and that of
Alternative "A" to Alternmative "C", 17.78 percent.

Therefore, or the basis of the above, it is judged that the
rehabilitation of the Ambuklao Project as described in
Section 12,1, and specified as Alternative "A" above, is the

most advantageous solution,

Procedure used for the Analysis

The procedure used in the analysis was as follows:

(1} Energy and demand forecast

Table~-12.5.1 shows the energy andrdeﬁand forecasts given
in the NAPOCOR Program. For these studies, the values
at the sending end were'used  The sent out energy and
demand at the sendlng end were regarded to be 967 of the

generation level value,

Normally, generation level values are not used for this
type of studies, as the evaluation of the station used

portion is considered to be difficult.

The above rate of 96% was. roughly determined, but it is
con51dered to be adequate, as the purpose of the studies

is comparlson of alternatlves.
Table-12.5.2 shows the analysis of the actual records of

hourly demand for 1986. A year is divided into follow-

ing four periods:

‘12 -.95



(2).

Designation Period

I January - March

11 April -« June

ITI _ July - September
DA ' October - December

In Figs.-12.5.1-7, the values of Table-12.5.2 are pre-
sented graphically. Each figure indicates the load

factor for the period.

Table-12,5.3 shows the modified load duration curve for

each period (P.Y.),.

Table-12.5.4 shows the waximum MW ratio for the period
so that the'yearly load factor is 70% when the ratio of
the load factor to the genervated energy for the period

does not change.

As the yearly load factor for the future is estimated
to be 70%, as shown in Table-12.5,1, the duration curve
for each future year is assumed to show the same pat—
tern as that in 1986. The. load demand for each period
of each year is calculated using the demand at the
sending end shown in Table-12,5.1, modified load dura-
tion, given in. Table-12,5.3, and the tabulated data for
load demand, shown in Table-12,5.4,

Installed capacity and output at the sending end

A list of installed capacities of the existing power-

plants is given in Table-12.5.5.

- Table~12.5.6 . shows 1installed capacities, classified by

- plant “type, as given in the MAPOCOR Program for the
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period - from 1986 to 2000 and consldering the power

expansion prograrn.

The output at the sending end for 1995 classified by
plaut type are given in Table-12.5.7.

Table-12.5.8 shows output at the sending end of the
reservolr type hydro powerplants which are expected to

be developed after 1996,

Table~12,.5,9 shows the total ocutput at the sending end

of the run-of-river type hydro powerplants.

Table-12,5.10 shows the output of the reservoir type
hydro powerplants from 1996 to 2000, classified by

alternative.

Table-12.5.11 shows the output of the geothermal power-
plants sending end from 1996 to 2000, classified by

" alternative,

The output of the geothermal powerplants to be developed
after 1996 is “calculated using ‘the condition 0f-éeo~
thermal plants’ shown in Table-12.5.7. The output of
Coal "A™ (2 x 150 "MW) and Coal "B" (2 x 55_MW).plants
are calculated, using.fhe condition for Isabela plant

shown in- Table-12.5.7.

- Table~12.5.12 shows the butput'at the sending end of

Alternative "A'" from 1996 to 2000, classified by plant

.type.

Average generation

“fTable-12,5.,13 shows the average_mohthly generation by
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hydro powerplants. The values are calculated, based on
the NAPOCOR's actual and planning data, however, those

of the Ambuklao powerplant are estimated.

Tables-12.5.14 and 15 show the average generation {(at
the sénding end) of the reservoir type hydre and run-of-
the river type hydro powerplants, respectively, for each
period.

Table-12,5.16 shows the average generation (at the
sending end) of the reservolr type hydro powerplants,

for each alternative.

Unit cost calculation .

Table-l2.5.l7 shows thé annual fixed costs ($/kW-year)
for the Ambuklao Préject, and the geothermal (1 x 55 MW)
powerplant.

The Table-12.5.18 shows the variable costs {($/MWL) ,

classified by plant type. All these values are unit

costs/kW and MWh at the sending end.

With regard to the data shown in Table 12.5.18, the

'follOWing should be noted:

The variable cost of gas—turbiné poverplants is hilghest,
followed by oil-fired <(Manila, Sucat, Walaya), oil
fired {(Bataan), ‘coal-fired (Isabela) and coal-fired

:(Célaca) powerpiants.

- Assuming that the pumping-up efficiency is 70%, the

'vatiable cost for pqmping—up of cpal—fifed (Calaca) is

lower than. that at ‘oil=fired (Manila, Sucat, Malaya)

- powerplants. The variable costs for pumping-up of oil-
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(5)

fired and coal-fired powerplants are lower than that of

‘gas~turbine powerplants.

Loading. order of thermal power plants

On the basis of the above variable cost comparison, it
is judged that the loading order of thermal powerplants

should be as follows:

(1) Coal-fired (Calaca).

2y Coalmfired (Isabela  and Equivalent),

(3) 0il-fired (Bataan).

(4) Coal-fired (Calaca) for pumping up.

(5) Oil-fired (Manila, Sucat, Malaya).

(6) Coal-fired (Isabela and Equivalent) for pumping up.
(7 Oil—fired (Bataan)'fof pumping up. '

(8) 0il-fired {(Manila, Sucat, Maiaja} for pumpiﬁg up.
(9) Gas-turbine. '

The criteria for the  optimum operation of the power—

plants should be as follows:

Most power genmeration should be made by operating to the
maximum possible extent the available geothermal and
coél-fired ﬁlants. if SUIpluslenergy‘geqerated is made
available during the off-peak time; it shOuld'be_uséd
for pumping up. By operating the ﬁumpéd storage plants,
power genetration by oil-fired plants"(ﬁanila,  Sucat,

Malaya) should be reduced as much as possible,

When the output at the sending end does not meet the
system peak deémand, although ‘the - oil-fired " plants
(Manila, Sucat, Malaya) are fully operated, it should

be supplemented :by pumped'storagefeﬁergy made possible

'by the use of the off-peak available enexgy, -
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(7)

1if _additionél energy 1s required during peak demand,

gas~turbine plants should be operated.

Optimum output and generation mix by plant type

" The optimum output and generation mix by plant type are

computed for each alternative in accordance with load
orders and summariged_in Tébles 12.5.19 (1) to (3) and
Tablés—iZ.S.ZO (1) - (3), respeptiveiy. In these com~
putations, Min./Max. Ratio, shown in Table-12.5.7, were-

considered,

In Table-12,5.21, the O/M costs of each alternative for
the period from 1996 to 2000 are listed. This was ob-
tained by mulfipljing fhé .variable 0/M cost of each -
plant by.the geﬁeratéd energy, based on the computation

results shown in Tables-12.5.20 (1)} to (3). The coal-

'fired-(300 MW/unit) were assumed to be in full operation

for each alternative.

The data shown in Table 12,5.21 include pumping dp

eneigy shown in parenthesis in Tables 12.5.20(1) to (3).

Calculation of Internal Rate of Return (IRR)

Based on the investment and operation and maintenancé
costs, a cash flow was developed to calculate the IRR,
assuming the Ambuklao Rehabilitation, Alternative "A",

as’' COST, and Alternatives "B" and "C", as BENEFIT.

'The.reshlté‘of'the'above are shown in Tables-12.5.22 &

23 and in Fig.,~12.5.8. & 9.
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Balance of power demand and supply caused by inter-

ruption of power generation by Ambuklao during

rehabilitation

Intermittent suspension of power generation at the

‘Ambuklao Project during rehabilitation will be necessary

during the periods January - March and April -~ June
1995, and April - June 1996, The balance of power
demand and supply for the period April - June 1996 was

examined.

In such cases, the power demand and supply balance is
normally adjusted by rearranging the regular repair
program for'théfmal plants, or by changing the reser-
voir utiiizdtion program of other hydto'powerplants as

required for covering the above balance.

The worst case of when none of the above measures have
been taken at the time of suspension of the:Ambuklao

powerplant operation is presented below.

Alternative "C”_studied above is a case for which the
operation of the Ambuklac powerplant has been suspended

since rehabilitation of the project has not béen carried

‘out. The situation for Period ii:in“1996fshown in Téble

-12.5.19 (3) is almost the same as that at the time of

suspension .of plant operation due to rehabilitation.

In Table-12.5,24, the above situation is shown again
with the pofential capacity at that time, The paren~
thesis in Table-12.5.24 shows the potential capaeity

- disregarding eéonomic'honSideratidﬁs.' This table:shows

the system still has sufficient reserve margin even when
the consumption for forced ocutage, maintenance and sta-

tion use, have been taken into account,
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12,5.6,

Therefore, even without any special provisions for addi-
tional power supply during suspension of power genera-
tion, the rehabilitation work carried out on the Ambuk-
lao Project 1is not expected tb adversely affect the

balance of power demand and supply.
Cohclusio_x}_
The economic justification for the Ambuklac Rehabilitation
Project was evaluated by a system wide analysis covering the

entire Luzon Grid of NAPOCOR.

The benefit of attaining the increased capability (kW) and
ene.rgy (kWH) by the rehabilitation of the Ambuklao dam is by

. far the most advantageous, as clearly indicated by the above

étudy. The IRR of the measure is found to be as high as
42.24% when compared with the Alternative "B", and 17.69%

_even against the Alternative "C", The Alternative "B" is

to assume the addition of a geothermal capacity (1l x ‘55 MW)
as a substitute power source, The Alternative "C" is to
assume no addition .of such substitute power source and any
oﬁt‘put requirements to be met only by putting the reserve
margin. capacity into service with the resultant degradation
of the sysfém reliability., In this scenario, the required
syétem output would be obtained by increasing the capacity
factor of powér' gources n::ith relatively high variable costs,
which could in turn result in the increment of variable costs

in operating the whole system.

‘The comparison of the alternatives for the economic analysis

should be made under ‘the equal condition in the system relia-

bility, The Alternative "C" is an exceptional case im which

'the'd_emand would be met by employing the reserve margin capa-

¢ity at the cost of ‘the system reliability.

“Since "development of substitute resources do mot increase the

energy generated by the existing powerplants with high vari-
able cost, the above leads to the increase of the variable

cost for theé whole system.
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Table — 12,51 Energy and Demand Forecast in Luzon Grid

Salos |Generation|Generation| Sentout [Demand at Load
F.Y level level level Energy |Sending ¥ind factor
(GWh) | (GWh) (Mw) | {(GWh) (MwW) (%)
1986 | 13461 | 14756 | 2435 | 14169 | 2338 - 69.18
1987 13008 | 15362 | 2505 | 14747 | 2405 7.0.00
1988 | 14564 | 16004 | 2610 | 15367 2506 70.00
1989 | 15226 | 16732 | 2729 |16066| 2620 70.00
1990 | 15974 17553 | 2863 | 16851 | 2748 70.00
1991 f&slo 18472 | 3012 |17734| 2892 70.00
1992 ] 17.829 | 18592 | 3195 1&80f_ 3067 70.00
1993] 18931 | 20803 | 3393 | 19972 3257 7000
1994 20129 | 22120 3607 |21,235| 3463 |. 70.00
19951 21.392] 23508 | 3834 | 22572 3681 70.00
1996 | 22693 24937 | 4067 .23939 3904 70.00
1997 24041 | 26419 | 4308 2&362‘ 4,136 70.00
1998 | 25453 | 27970 | 4561 | 26852 | 4,379 70.00
1999 | 26862 | 20519 | 4814 | 28336 4621 7000
.2009 28352 | 31,156 | 5081 2&&12. 4878 70.00
Note : Demapd_at Send:ing End = Qe_n_erat'io_n lew_e; '('.MW.).XZO.QG |
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Table — 12.5-2

Load Duration (by NAPOCOR’S Data

! from Jan. to Deec. 1986)

EYEN

L&

- 104

\\“Ef{ifi\ 1 I I N Yearly
. Mbnth . : : i i Durati
MW Jan Feb Mar X Du(r%t)lon Apr May Jun X Du(r%fl)on Jul Aug Sep * Du(z;:.)tion Out Nov _ Dec X Du{f%:)on X uzat%x)on
2400 4 4 0.18 1 0.05
2300 3 3| 014 14 14 10 38 1.74 4 11 L4 33 1.49 74 0.84
2200 2 3 14 22| 102 34 54 43 169 7.74 8 13 22 43 195 28 34 17 112 507| 346 3.9
2100 11 16 39 88| 407} 111 97 85f 462| 2115 51 54 57| 205 9.28| 60 66 29| 267 | 1209|1022 117
2000 s0| 31| 74| 233 1079| 89| 88l 79 718| 3288 89| 114] 103] si11]| 2314 101] 113 67| s4s| 24822010/ 229
1900 56 _71 73] 433 2005 60 57 73| 908| 4158 91 82 80] 764| 34560 78 56 82| 764 | 3460|2869 328
1800 85 84 61] 663 3069] 51 56 59{1074| 4918 '75 49 51 940 4257 44 592 391 899 | 4072 ﬁsvﬁ 40.8
1700 90| 52 62 86? 40.14 55 56 41| 1,226| 56.14 57 55 511,103} 4995 50 42 55(1,046 | 4737|4242 | 484
1600 59 50 5111027 4755 53| 70 74| 1,423 6516 56| 61| 48 1,268] 5743 60 60 651,231 | 5575}4949| 565
1560 73 73 7172|1245 5764 85| 101] 105|1714] 7848 83 75 74(1,500] 67.93 75 65 71[1,442 | 653115901 | 674
1400 58 62 93| 1458] 6750] 105! 103 115|2037| 9327 104 90 9111,785 éusq 100 95 921,729 7831|7009 | 800
1300 70 88 89| 1,705] 7894 51 34 34| 2.156| 9872 81| 101| 89|2056/| 93.12 87 79! 102(1,997 | 9044{7914} 90.3
1200 105 82 GSIIﬁGb 90.74 7 14 20 2479] 9977 31 43 '45 2.173| 9841 28 34 71(2130 | 9647|8442 | 964
1100 69 47 34| 2110 9769 1 0 S0} 2180 fggaé 5 2 112191} 9923 13 9 34 |2086 | 9900|8667 | 987
1000 26 13 1112160{10.000 4 0 [ 2134.10000 12 5 0]2208{100.00 16 0 6 2208 100.00[8760 11000
Max. MW |2217|2240] 2342|2342 2357|2375 2365 2375 2261 2275|2265 2271 '2365 241223612412 2412
Mm,.Mw 1@32 1,004| 1,058] 1,004 1,007 | L,214] 1,217| 1,007 1poi 1,041 1isi 1,001 1,026 Liéo 1,07111,026 1,001
Load | 68187 | '75596' 75120 | 70551 s
factor 71.441 70689
Note ! X are cumulative tetfal hours._







Table — 12.5-3

Modified Load Duration (P.U)

I
X Y b'e Y X Y X Y

00000 | 10000| 00000 1.0000| 0.0000] 10000 00000 | 1.0000
0.0014 | 0.9821| 00174 | 0.9684| 0.0195| 0967500018 | 09950
0.0102] 0.0304] 00774 | 09263 00928| 09235( 00149 | 09536
00407 | 08967| 02115 | 08842| 02314| 0879500507 | 09121
01079 | 08540] 0.3288| 08421| 0.3460| 0.8355| 01209 | 08706
02005 | 0.8113| 0.4158| 0.8000| 04257| 07916| 02482 | 08292
03069 | 07686 04018 | 07579| 0.4995| 0.7476| 03460 | 07877
04014 | 07259| 05614 | 07158| 05743| 07036| 04072 | 07463
04755| 0.6832] 0.6516] 0.6737| 06793| 0.6596| 04737 | 07048
05764 | 0.6405| 0.7848| 06316 0.8084| 0.6157| 05575 | 0.6633
06750 | 05978| 09327 | 05895| 0.9312| 05717| 06531 | 0.6219
07894 | 05551 09872 0.5474| 09841| 05277 07831 | 0.5804
0.9074| 05124| 09977 | 05053 09923| 04837 | 0.5044 | 05390
09769 | 04697 ] 09982 | 0.4632] 1.0000| 04402| 09647 | 04975
10600 | 04287] 1.0000| 0.4240| 1.6000] 0.0000! 09900 | 0.4561
10000 | 00000]| 1.0000| 00000 1.0000 | 04254

10000 | 00000
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Table —12.5 -4

Tabulated Data for Load Demand

Period [ I il v © Yearly
Load factor | o o1 87075596 075120070551 | 070
(%)
Hours 2160 2,184 2,208 2208 8760
Max. MW : - : _
Ratio 0.95655[097003]/094285[1.0000011.00000
(PU)
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Table — 12.5+5 Existing Power Plant (Luzon Grid, as of June 1987)

_ Installed Remarks
Plant name Capacity
(MW) (Units X MW)
(Hydro)
Reservoir Type
Caliraya 3200 4 %8
Ambuklac 75.00 3 %25
Binga 100.00 4%25
Angat 22800 4 x50, 3x6 1x10
Pantabangan - 100,00 2 X 50
Magat 36 0.06 4x90
Kalayaan 30000 2 X 150
Subtotal 1,19500
Run of River Type.
Botocan - 1696 2x8 0.96
Buhi —Barit 1.80
Cawayan 0.4 0
Masiway 1200
Subtotal 31.16
Total 1,226.16
(0il-fired) - (MW) (Units X MW)
Mani la 200.00 2 X 100
- Sucat 850.00 1 X 150, 2 x 200, 1 X 300
- Bataan 22500 1 X 75 1X 150
Malaya 65000 1% 300, 1 X 350
Total 1,925.00 |
(Coal=fired) (MW) |
 Calaca 300.00 1'% 300
(Geothermal) (MW)
Tiwi 330.00 6X55
Mak~Ban 330.00 6 X55
thal 6G0.00
Grand Total 411116
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Table -- 12.5 6

Installed Capacity (MW) by Plant type in Luzon Grid

Y

Pumped

Oil—fired Gasthermal. Sg?mtotal S torage Run of River| Reservoir Sub~total |Coal—fired | Geo-thermal Total Expangion Program
1986 1925 - 1,925 300 31 895 1,226 300 660 4111 Rehab .Malayal (300)
1987 1,925 - 1,925 300 31 895 1,226 300 660 4,111 ‘Rockwell (180)
1988 | 1,925(180) - 1,925 300 31 895 1,226 300 660 4111
1989 1,925(180) 150 2075 300 31 895 1,226 300 660 4,261 “Gas—T. (3X50), Rehab. Sueat 1 (150)
1990 | 1,925(180) 350 2275 300 31 895 1,226 300 660 4,461 Gas—T.(dxsoj. Rehab. Sucat 4 (300)
1991 1,925(180) 350 2215 300 31 8§95 1,226 300 770 4,571 Geo (2x55)
1992 1.925 350 2275 300 31 895 1,226 600 770 4,871 Catacall (300), Retire Rockwell(2180)
1993 | 1,925 350 2275 300 54 895 1,249 600 990 5114 PantayH.(EB), Geo (4%55)
1994 1,925 350 5,27-5 300 54 895 1,249 600 1,210 5334 Geo (4 x55)
1995 | 1,925 350 22175 300 54 895 1,249 900 1210 5.6 34 Isabela (2% 150)
1996 | 1,925 . 350 2275 300 54 1.285 1,639 900 i,21 0 6.0 24 San Roque H. (390)
1997 | 1,925 3350 2275 300 54 1,553 1,907 1900 1,210 6,292 Casecnan H. (268)
1998 | 1,925 350 2215 300 54 1,728 2,082 '9.00 1,320 6,577 Binongan H. (175), Geo (2X55)
1999 1,925 350 2275 300 54 1,728 2,082 1,200 1.320 6877 Coal A (2%150)
éooo 1,925 350 2.275 300 | 54 ,1,':1'28 2082 1,500 7177

1,320

Coal B (2x150)
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Table — 12.5-7 Tabulated Data for MW Capacity (in 1995)

. Installed Max.-Lirﬁit Min. Limit o EFOR SMD SUR Decrease factor| Output at
Plant Capacity : Min.“Max. Sending Fnd
(MW) (MW (vMw) (%) (days/year) (%) (PU) (Mw)

Gas—turbine 7X50 T — | 8 0 1 0.911 2551
Hydro 249 1,249 - 0.5 - 0.3 0992 1,239.0

Oil-fired

Bataan 1 S 70 50 - 10 49 4 0.748 52.4
2 150 150 80 - _ 10 49 4 0.748 1122

Sub—total 225 220 130 0591 164.6
Manila 1 100 100 30 | 10 49 | 4 0748 743

2 |- 100 100 30 : 10 19 ' 4 0.748 74.8

Sucat. 1 150 150 40 10 49 4 0.748 1122

2 200 160 120 | 14 49 _ 4 0715 1144

g 200 140 120 . 14 | 49 4 0715 100.1

4 300 300 120 - 16 56 4 0683 204.9

Malaya 1 300 300 120  1s | 56 4 0683 204.9

2 350 350 150 . 14 56 | 4 0.699 244.7

Sub—total 1,700 1,600 730 0456 1,130.8
Total 1,925 1,820 860 1,295.4

Coal—fired

Calaca 2x300 2%300 _2x230 ojs7 : T 56 8.5 0643 3858
Isabela -_2xf50: 2x150 'ngls- 0767 .12 - 49 - | -~ 85 0697 2091
Geothermal 22x55_. 22250_  22%30 0600 | s | T35 100 0.781 859.1

Note : EFOR-== Equivalent forced outage rate .. SMD = Scheduled maintenance days, SUR=Station use rate.

'_'Deereasé"factor = 1-E FOR X ('1.-" %hg,? Y ( 1_-—_SUR 3y, Outpl'x't' at se'ndirig:Eﬁd'Z"Max. Limit X Decrease factor ..
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Table — 12.5-8 Output of Reservoir Type Hydro (MW)

~ at Sending End ~

" Plants ’ Output (MW')
Existing - 1,1854 Gm
(Ambuklao ) ' (74.40)

s Rome | 38689
-Casecnan ' 211.30
Binongan 17360
Total 1L,95725

Table — 12.5-9 Output of Run of River Type Hydro (MW)

~ at Sending End ~

Plants : Output (MW)

Existing 53.73
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Table — 12.5-10 Output of Reservoir Type Hydro at Seunding End (MW)

oy lterna.tives | (a) g:g
1996 1,57 2.4 - L@Q&O
1997 _ 1,78 37 . 1,709.3
1998 1,95 7.3 1,882.9
1999 s L9573 ' 1,8829
2000 § 19573 1,8829
Remarks With Ambuklao Without Ambuklao

Table — 12.5 -11 Output of Geothermal Power Plant at Sending End (MW)

}Mternatives Esg | (b) .
1996 :85&1 8982
1997 BSQI | 8982
1598 - 937.2 976.3
1999 9372 | 976.3
2000 | Qszg 9763
Remarks | Géofhermal N

(IX55MW)
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Table — 12.5 -13

Average monthly Generation (GWh)

( ') shows Sending 'End-V'al.ues .

12 = 113

Installed I I m N
Capacity Jan Feb " Mar Apr May Jun Jul Aug Sep Qct Nov Dec Total
(MW) 31 28 31 30 31 30 31 31 30 31 30 31 365
Reservoir T'ype
Caliraya 32 8.19 8.3 1 4.92 5.22 463 4.99 463 5.8 3 6.2 4 6.47 9,18 815 7676
Ambukl ao 75 1209 1069 1159 1095 1154 10.71 52717 54.30 53.29 5450 53.80 1833 35456
Binga 100 1821 21.96 1'7.9!1' 19.27 26.30 2796 4359 65.97 7502 55.68 4929 2933 | 45052
Angat 228 3914 4295 3237 2806 1592 | 3192 39.75 3609 4432 4662 7092 5836 48642
Pantabangan 100 2521 2854 2543 2217 648 2.16 6.18 .7.28 6.02 791 555 9.95 15288
Magat 360 54.30 5316 38.03 27.39 6492 89.29 86.56 13690 | 13931 12815 16850 8334 | 1,069.85
‘Sub—total 1,195(1,185.5)| 15714 16561 13028 ! 11306 | 12979 167.03| 23348 30637 | 32420 29933 357.24 20746 | 259099
_ _45_3.03(451.67) | 40988(40865) 864.05(861.46) 86403(861.44)
San Roque 3'90 3826 2843 2937 3208 5915 10344 | 15555 18277 | 18231 15234 8358 51.91 | 1,099.19
Casecnan 213 107.64 6246 63.77 65.60 9277 11570 133.16 14389 | 15236 162.38 | 16605 14845 | 1,414.23
B_inoﬁgan 175 40.79 | 3036 24.62 2206 36.62 6431 89.39 10505 99.03. 8261 6692 59.19 72095
Sub—total 778(771.8)| 18669 121.25 117.76 119.74 18854 | 28345| 37810 43171 | 43370 39733 | 31655 25955 | 3,234.37
| '4‘25.7-0(4'24.42)_ | 59173(539.96) 1,243.51(1,23'9.78‘) | 97343(97051)
Total 1,973(1,957.2) '87873(876.09) ,001.61(99861) 72.10.7.56(2.101.2-4) 1,83746(1,831.95)
Run of River Typej’ | .
Botocan 1696 445 3.66 . 517 178 282 6.39 6.37 4.97 5.6 0 557 1064 1020 7062
Buhi—Barit 1.80 114 1.12 0.70 0.63 S 0.36 0.35 0.61 0.7 4 0.79 0.89 1.05 1.09 9.47
Cawayan 0.40 0.23 0.23 0.18 019 0.13 o011 0.28 0.27 0.13 0.14 0.14 0.18 2.21
Masiway 1200 4.95 530 522 524 2.34 046 1.46 1.59. 158 .70 1.30 260 3374
Pantay 23.00 1250 1250 _'1'2.50_ 1250 12‘L5_0 1250|1250 | 1250 1 250 1250 1250 12.50 15000
Total .5_4.15(53.7') 12827 | 2281 2377 |- 2334 | 1815 1981| 2122 | 2007 | 2060 | 2080 2563 2657 | 266.04
69.85(6964) | 5_1.30(6_1.12) 61.89(61.70) | 7300(7278)
Note :







Table — 12.5-14 Average Generation of Reservoir Type Hydro (GWh)

~ at Sending End ~

Period
Plgnts I i I v
Existing 45167 | 40865 | 86146 | 86144
(Ambuklao) (34.27) (3810); (15988) (126.25)
 SanRoae | 9577 | 19409 | 51907 | 28697 |
Casecnan 233.17 27325 42812 47545
Bmmgm1 95.48 12262 29259 20809
Total 876.09 99861 | 2101.24 | 1,831.95

~ at Sending End ~

Table — 1.2.5 15 Average Generation. of Run of River Type Hydre {( GWh)

Period :
: 1 I m Y
Plants
Existing 69.64 61.12 61.70 7278
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Table — 12.5-19{1) Output at Sending End by Plant Type (Alternative (a)) - (MW
FL.Y 1996 1996 1997
Plants - Pertod I ﬂ i N l I Il v I i fll v
Gasturbine
Pumped Storage 2976 1053 6 4.3 162.7 29176 6 9.1 127 787
Reservoir 983.7 9459 1,46 3..3 1,411.0 1,213.3 1,226.5 1,77 1.0 1,7053
Oil—fired (1) 8022 1,089.2 50 6.7 67 8.7 7945 1,0 69.8 4693 7004
Oil—fired (2) 1'6 4.6 ” » P p P P P
Coal —fired (150MW units) 20 9.1 P P ” P ” ” ”
Coal —fired (300MW units) 1858 . P P » ” v " P
Geothermal '8. 59.1 ” P » o P P ”
Run of River 32.2 280 219 330 32.2 2 8.0 27.9 3 3.0
Total 37343 | 37870| 368038 3,90 4.0 3,95 6.2 4,012.0 3,8 99.5 4,136.0
F.Y 1998 1999 2000
Plants Perlqd | \ | I " N I " " N | i Il "
Gasturbine
Pumped Storage 29176 6 8.7 0.8 5 4.0 2976 788 289 115.0 297.6 90.6 6 0.2 183.2
Reservoir 1,33 7.6 1,3523 | 19 5.6.5 1,90 3.4 1,393.9 13828 19285 1,843.0 1,4 53.0 14128 1,89 7.4 1,775.9.
Oil—fired (1) 8245 1,10 2.1 4467 691.9 7906 1,087.1 4657 724.2 768.3 10855 49 8.7 77 1.0
Oil—fi .red <2) 16 4.6 f.; P ” p P » » p # " "
Coal—fired (150MW Units)_ 209.1 P P ” 4182 P " P 627.3 " v ” v
Coal—fired (300MW units) 3858 p " P v P P w ” P " P
Geo therma.l 9372 v v P . P P P P P P p
Run of River 32.2 | 2 8.0. 27.9 | 33.0 32.2 2 8.0 2 7.91. 330 32.2 28.0 27.9 33.0
Total 41886 | 42 478 4,1286 '-4,37 9.0 --4,4"2 0.1 44825 4,356.8 4,6 2 1.6 4.666.0 47318 4,599.1 48780

Note : Oil—fired(1) are Oil~fired (._Man'ila . Sucat, 'Male..ya‘). Oil—fired (2) are Qil—fired (Bataan).
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Table — 12.5-19(2) Output at Sending End by Plant Type (Alternative (b))

(MW)

F.Y 1995 1996 1997
Plants rerted ! I Il v 1 I I v I I m v
Gasturbine
Pumped Storage 2976 1210 91.4 21 7.4 2976 755 37.8 126.8
Rese.rvoir 956.4 90 2.7 1,35 2.6 1,28 3.0 1,189.0 1,196.4 1,67 1.6 1,58 3.4
Oil—fired (1) 790.3 11,0775 551.1 7129 779.6 1,05 4.4 504.5 735.1
OHﬂfhfd(?) 1646 P ” #” # # #” p
Coal —fired (150MW units) éﬂgj & 2 # p # ” ”
Coal—fired (300MW units) 3858 p P p p ” p p
Geothermal 898.2 P » ” ” P P P
Run of River 32.2 2 8.0 27.9 33.0 322 280 27.9 33.0
Total 3,734.2 37869 | 3.680.7 3,904.0 3,95 6.1 40120 3,899.5 4,1 36.0
F.Y 1998 1999 2000
Plants Ferted I 1 HI_ N ! i [ v 1 I 1t v
Gasturbine
Pumped Storage 2976 741 228 100.5 2976 85.9 53.9 166.9 29176 100.6 852 - 241.0
Resérvoir_ 1,31 38 1,324.4 1,8_60.1 1,782.9 1,369.8 1,352.3 | 1,8290.2 1.71'7.5 1,4285 1,37 88 1,798.2 1,6 4 5.1
Oil—fired (1) 809.2 11,0855 4.1.8.2.0 : 726.8 77 5.6 1,07 14 5009 758.;? | 753.7 1,07 0.4 533.7 804,9
Oil~fired (2j 16 4.6 p ” # v " p p " P ” P
Coaléfired (150MW units) 209.1 " p P 4182 P ” " 6217.3 " p ”
Coal—1i re& (300MW uni ts). 385638 # 7 w p p #” ” P p p P
Geo ’f.herma.l | 9'.7 6.3 - v # p S . » " ” P "
Run of River 322 2 8.0 279 ' 3-‘3'.0: 322 2'8.6_ 279 33.0 3 2.2 280 279 33.0
Total 41886 | 42478 | 41286 | 4379.0 : 44201 | 448 25 | 43568 | 46210 | 46660 | 47318 1.599.0 4,87 8.0

Note : Oil—fired (1) are Otl—fired (Manila. Sucat, Malaya), Oil—{fired (2 are 011—fired (Bataan).
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Table — 12.5+19(3) Output at Sending End by Plant '1‘ypé (Alternative (¢))

(MW}

F.Y 1995 1996 1997
TP | I i v I i m v 1 I I v
dasturbine
Pumped Storage 2976 1111 817 197.9 2976 70.9 28.1 1074
Reservoir 954.4 9124 1,36 7.6 1,30 2.0 1,188.1 1,20 1.0 1,68 1.3 1,6 025
Cil~fired (1) 331.5. 1,116.9 585.0 7525 81 9.7 1,093.5 5436 7745
Oil—fired (2) 164.6 ” P w | P P p p
Coal —fired (150MW units) 209.1 p ” P v ” v ”
Coal—fired (300MW units) 385.8 p " p p P P p
Geothermal 859.1 ” # ” ” ” # »

~ Run of River 322 280 279 33.0 322 28.0 27.9 33.0
Total 3,734.3 3,7817.0 3,68 0.8 3.9 0 4.0 3,956.2 4,012.0 3,89 95 4,136.0

F.Y 19098 19909 2000
Plants e ! I I v 1 I m v 1 I m v
Gasturbine
Pumped Storage 29176 705 13.1 82.6 29 'f.s 80.8 443 1458 2976 93.8 75.6 2188
Reservoir 1,31 3.1 1,327.9 1,86 9.8 1,806.6 1,368.9 1,357.3 1.838.8 1.738.2 1,4273 1,38 5.5 1,807.8 1,6 6 6.6
Oit—fired (1) 8490 [ 11247 5211 7686.1 8156 | 11106 54 0.0 7982 794.0 1,109.6 5729 8447
Oil—fired (2) 16 4.6 " " ” " ” Yy p p p " "
Coal—fired (150MW units) 209.1 w ” P 4:1 8.2 ” ” ” 6273 # Y ”
Coal—fired (300MW units) ‘3858 “ w o " # u # " ” #” ” 7
Geothermal 9372 v P o % # " » v ':; P ”
‘Run of River 322 280 279 33.0 3;2.2 : 280 2 7.9 33.0 32.2 28.0 279 33.0
Total 41886 | 42478 41286 4,379.0 4420.1 4,4825 | 4356.8 462 i‘.o | 466860 47318 4,59 9.1 481780

Note : Oil—fired (1) are Oil~fired (Manila, Sucat, Malaya), Oil—fired (2) are"O'i'l.—fire'd-(Bat;aan). '
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Table — 12.5 +20(1)

12 -

121

‘Generation Mix at Sending End by Plant Type (Alternative (a)) (GWh )

F.Y 1995 1996 1997

Plants i il ]]] 1V Total | i il N Total I il I v Total
Gasturbine
Pumped Storage 16.4 1.8 0.7 2.4 20.3 4.6 0.7 0.0 0.6 6.0
Reservoir 547.4 6027 | 1,380.5 | 11484 | 3,679.0 780.6 8760 | 1,8086 | 1,6239 | 50891
Oil—fired (1) 1,426.1 | 20593 | 1,092.0 | 1,2950 | 58724 | 14988 | 21535 | 1,0248 | 1L,1762 | 58533
Oil—fired (2) 334.2 355.7 361.8 3584 | 1,410.1 3449 358.5 362.7 360.8 1,426.9
Coal—fired (150MW units) 440.7 455.5 460.8 4591 | 18161 446.4 456.3 461.4 460.7 | 182438
Coal—fired (300 MW units) : §1‘S:3) 8&%13 3538:%) Se(zg.‘%) 3.?2%;?.'%) sggﬁg) aggg) ss((fﬁg) sg?p 3,3 glg)
Geothermal 1.82'?:61;)_ 1,8%%) 1,3531'51;) 1,8'&32?) 7%11%71) 1,3§32."(1]) 1.8%%’6{) 1,896.9 1,85228) 7.5‘%23)
Run of River 69.6 61.1 7 728 265.2 69.6 61.1 61.7 72.8 265.2
Total 5,%%(2).'2)_ 6,2‘%%3) :'s,ioéﬁg) '5,08?33) 2-3.3%3‘.? '5.8.%'?.’3) 6,6 411'.8) 6,4 %8’ 64537) 25,3%2’.{’)

F. Y 1998 1999 2000

Plants I I S N Total | il il vV “Total [ i il v Total
Gasturbine
Pumped Storage 3.9 0.7 0.0 0.3 4.9 6.2 0.8 0.1 1.0 8.1 9.0 1.0 0.5 2.5 13.0
Reservoir 1876.1 998.6 | 2,101.2 | 18320 5.8.07.9 876.1 9986 | 21012 | 1,831.9.| 58078] 8761 9986 | 21012 | 1,8320 [ 58079
Oil—fired (1) 1,574.3 | 2.249.3 939.4 | 11729 | 59359 14781 | 21816 857.8 | 1,0934 | 56109 | 1,4089 | 21392 | 8004 | 10409 | 53894
Qil—fired (2) 346.3 358.7 362.9 | 3616 1,429.5| 341.6 358.1 362.3 3594 | 1,421.4 3356 356.0 361.6 356.4 1,4105
coa1wf'ired'(150MW units) 447.3 456.4 46 1.6 461‘.0' 1,826.:3| 890.1 912.3 9224 919.9 | 3644.7 '13288 1,3675 | 1.3825.| 1,3764 5,4 55.2
Cont—sired Goouw wite) | sohD| s {880 508 SSPB| L 04D S8R 843P 6S0F sSED 5a023) W0ED| W53 80P e%EP| aSEEY
Geothermal 2.-:0&2'.%) zoggg) 2,069.3 | 20693 8.-'2(()?12%) 2,0%%.’%)_ 2.04(8.';) _' 2.069.3 -z.o*%S:é) 8,2(()%:(8)) z.oggjé) '2.05%.’3? z,oggig) 2.0%513'.5) 3’.26%1%)
Run.of River 6.9.6 6L 61.7 7 2'.8 | 26 5.2 69.6 - 611 617 72.8 26 5.2 69.6 61.1 61.7 72.8 265.2
Total 6-1E(i‘.§6) 7.0&%.%) 6.359:8) 6, 8%?3) 26.8&%3) ng%g) %.456.'5.) '7,25’8%) 7,1-5()%'.‘%) 28,%:1).%23) .G,g% %ﬁg) 7.8 1(%1) 7, 6%%6) 7,5%%22) 2_9,_81 %ﬁl)

Note : ( ) showé Pumpi_t_xg up Eﬁer'gy_.
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Table — 1?.5-20{2) Generation Mix at Sending End by Plant Type (Alternative (b)) {GWh)

F.Y 1995 1996 1997

Plants | 1}1 lV_ Total Jii m Total I il i N Total
Gasturbine
Pumped Storage 2.3 1.5 29.0 7.0 0.9 0.2 1.4 9.5
Reservoir 569.6 | 12206 3,3256| 746.3 84 20 | 16488 | 1.497.6 4,735.6
Oil—fired (1) 2,009.6 | 1,166.6 59001 1,4531 | 21018 | 1,099.1 | 1,2185 587 2.5
‘Oil—-fired (2) 354.0 361.4 1,401.71 3428 358.2 362.3 | 3506 1,422.9
Coal—Tfired (150MW units) 4548 | 4605 1,811.5] 4450 | 456.1 4612 | 4599 1,822.2
Coal—fired (300MW units) sgéig)_ sgtl)fi) 3%%%:14 sgglg) sfg(z].'{)) sggig) 8%%171) 3,35323)
‘Geothermal | 1,9%(1):?) 1,9§(2)ﬁg) 7.%-15;-1128\ 1,9%%13) 1,9&813) 1,98 3.2 1,9&%3'.3) 7.853%:3)
Run of River 611 | 617 265.2 69.6 61.1 617 72.8 2652
Total 6.2%%.%) 6,18%%) 23.{5353? s,igzlgfg e'séi?’) 6 4&318) 6,44%33) 25.5%%’.%)

F.Y 1998 1999 2000

Plants i il Y Total 1 It Total i I I} i Total
Gasturbine |
Pumped Storage 5.8 0.1 0.8 75 1.0 04 123 12.1 1.3 1.0 4.3 187
Reservoir 841.8 1,9414 | 1,705.7 | 54544 965.5 | 1,941.4 54544 | 8418 9655 | 1,941.4 | 1,705.7 5454.4
Oil—fired (1) 15281 | 21974 10135 | 12147 | 58537 21300 932.3 5633.1| 13676 - 20888 | 8752 | L0870 54186
Oil—fired (2) 3444 3626 360.5 | 1,426.0 357.8 3619 14168 | 3327 3557 | 3613 | 3540 1,403.7
Coal—fired (150 MW units) 44 6._0. 4613 | 4604 | 18 2'4.0 _ 9119 921.9 3,639.7| 1,3241 | 1,366.9 | 1,3818 | 13734 5.446.2
Coal—fired (300MW units ) 8578 s%_?:%) 8§(1)f'11)_ 33%31) ' 5953 Sg?.'g) 3%% éﬁg) 2(332%12) 851(%';{)) 85(3%)'.%) 8&%1) 3,%%3'.3)
Geothermal 21{()5111) 2,1 2,155.7 2,_1§gﬁé) 5 8.5‘5323) ‘2, _2,1&?13) _2.1%%{1;) 8.551%.59) 2,18%3(25) 2.1%%21) 2.1%‘5)';) 2.1%%2%) 3,%“1?
Run of River 69.6 | 61.7 728 | '_255.2_ - IR 61.7 265.2 | 6_'9.6. 61.1 61.7 728 265.2
Total 6.1%%.%) 7.0&3.4 6;8& gf:(]i" 6.85}:%). 26,&%3’.2:* _7-.48'(1313) 7.2_5832) 28,%%%’;3) s,g%g.ﬁ? ‘ 7,8%’.%) 7,6%%;12) 7.,5%68'.16) 29,%%23?)

Note : () shows Pumping' up'Enérgy..




Table — 12.5+20(3)° Generation Mix at Sending End by Plant Type (Alternative (¢)) (GWh ]

F.Y 1995 1996 1697

Plants i i il v Total I i It N Total I I it N Total
Gasturbine
Pumped Storage 17.3 2.0 1.2 3.6 24.1 5.5 0.7 0.1 1.0 7.3
Reservoir 513.2 5696 |1,2206 | 1,022.1 33265 7463 8429 |1,6488 | 1,497.6 47356
Oil—fired (1) 1,4638 | 20933 | 1,2526 1,423.7 62334 | 1,534.6 21868 | 1,185.1 1,303.8 6,210.3
Oil—fired (2) 332.7 355.1 36 1.5 357.1 1,4064 | 3442 358.4 3625 360.1 14252
Coal—fired (150MW units) 439.6 455.3 4606 | 4585 | 1,814.0| 4459 456.3 461.3 460.2 1.823.7
Coal—fired (300MW units) %%1%?7_) 82%’.‘15) 8%%)’.(2;) sgglg) 3,%%3:2) 8%3’.3) 8531‘2” sggﬁ}r) sg(l)ﬁg) 3.3%:%)
Geothermal 1,%31 gﬁg) 1,8% é.’g) 1.3%%.%) 1.82(3 %’.2) 7.§11§.'£D 1.8%%23) 1,3'(1%.76) 1.896.9 1,8&3}%) 7.5 %%}?)
Run of River 69.6 61.1 61.7 728 265.2 69.6 611 | 617 72.8 26 5.2
Total , 5.%%3.’3) _6.2%%.% 6.1 S}J;g) 6,0 ﬁ'}i) 23.3%%’.3) 5.82:’!'%) _ e,sz(i.'(l)_) 6.4((5%.%) '6.451 é’.‘é) 25.%&8.’3)

F.Y 199 8 1999 2000

Plants I Nl il N Total I i il N Total 1 I M v Total
Gastu;bine | |
Pumped Storage 4.5 0.7 0.0 0.6 5.8 7.0 0.9 0.3 1.7 9.9 10.1 1.1 0.8 3.5 15.5
Reservoir 841.8 9655 | 1,941.4 | 1,7057 | 5454.4| 8418 0655 |1,9414 | 1,705.7 54544 841.8 9655 | 1.941.4 | 1,705.7 5.454.4
Oil-fired (1) 1609.9 | 22825 | 1,0996 | 1,300.3 | 6292315145 | 22150 [1,0183 | 12216 59694 | 14462 | 21729 | 9610 | 11708 5,75 0.9
Oil—fired (2) 345.6 358.7 362.7 ' 360.9 '1,427.9_ 13408 | 3580 36 2.0 358.8 1,419.6 | 3346 356.6 361.4 354.9 1,407.5
Coal—fired (150MW units) | 44 6.8 456.4 | 4614 460.7 | 18253 '889.-_2 912.2 922.1 91 9.0 36425 | 1,327.1 | 1,367.3 | 1,382.1 | 1,374.7 545 1.2
Coal~—fired (BOOMW uwnits) | 8 gé_'%) sg(z)lg) | 8§?ig) 8%?’.%) 3.35 g:g) | _sggﬁg) Sggﬁ?) '8%?'.? sg (1)'.%_) 3 3'(18,'1) 8(2%.%) 8‘4(818) 8%8.’9) 8%%.%) 3%%&%3)
Geothermal | 2.05%12) 2.058.’%) _2.0%323) 2.0%853) 8.28%.'2) 2,0%%’? '2,02%'.%) 3,0%%.%) 2.0%%’.%) s,zgiig) .2;()%322) ' z.og}{.g) z,oggi%) z,ong.ésg) 8.?8513:%)
Run of River 69.6 61.1° :61.7 728 2652| 696 | 611 617 728 265.2 69.6 61.1 61.7 728 26 5.2
Total . :_ 6.1&96.'3) . 7,0_%313-) ﬁ;sggz_'.g) ' 6';8%{1)%) _26.8%%" séifgfé) '7‘4({)“16?;) 7,2&222) 7,'1'35.;31” 2_8.%%%25) 5,5(;1742%) 7.3%%'.3) 7.‘6%%{.}1) 7.55()%2) 29.%%%29‘)

Note : () shows Pumping-'.up Enefgy.
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Tabhle — 125+ 21 Total O & M Cost

Units

lternaitives

QOriginal Plan +

Original Plan

No Change O.P.

Rehab. Ambuklao Geothermal
FY. (a) (b) (e)
1996 398,800.1 4035877 407636.6
1997 400,220.9 404,97 8.2 4090382
1998 4131438 41789177 421,954.9
1999 443,804.2 448570.1 4526292
2000 d7691 1.1 481,706.0

48573956

12 - 124
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Table - 12,5,22

I..R.R. and Present Value

Case : {a) - (b)
- R APLGAULAL e T e e [
CASE = A=3
. TARLE JNTERNAL  RATE . OF  RETUR'.. e e e _
S, cit . .BENEFIT e ... _PRESENT.VALYE = .. __._.__ _ leReRa. ._
YEAR INVESTMENT LI, W IOATA) INYESTHE.] 08 M TOATA] LDST ~BAENEFIY. OESCaTACS
. 1987 FITIT . Zasaz. 26845 B 26b6Ba - PAB4B.  P66&Bs_ 1.0000
1988 1675206, 2. 167526, 167520, 0. 167526 117769, 117769, 0.7030
- ... 1089 239513, s 239513, 233347, 0o ... ..23BB47+ 118385, 118034, 04942
199 306156 Ge 306153, 305450, 2. 25606, T 106380, 106101, 043475
1991 421055 e GV ARG G0 TG, Da 420704 . 2086, 102267 . 0a?8&63%
1952 352900, T 352584, 358045, 0 35606464 60584, 61472, 0,1717
.. ..1993 1137z0, . 313736, . . 313011, Da oo 313011 L .LBIBTZ.. . 37179, 021207 ...
1994 200287, La 306262, 296767, a. 296762, 25478, 25179, 040849
- 1995, 296456, . 296453, 296157, .9, 296157« .. . . 17683, 178665, 0.0597
1996 316365, 398835, 7151 7w 308756, 403588, 712346, 29988, 29869, 040419
1997 238704, 503221, (38975, 238704, A436024 'V E—— T
1996 173105, 413164, 556244 173105, 417895, 501503, 12148, 12247, 040207
e - 1999 . __B8553. . . 443804, 535357, .. .. ... B&553. 468570, . 535123e. . . TI26a__ ... D195 ... . O.014&
2008 5. ISTSSER 476511, 3. 481706 481706, 4884, 4933, 0.0102
. 20661, A ... &T6%11. CATESR 1l . Oe.. 4BY70ba . 4B1706e. . .__3433a._______ 34KB. ... . D.0072 . .
2002 3. 476511, 678911, 0. 481706, 481706, 2414, 2438, 0.0051
2003 L) 476911 S A e La 401706, GBI 700 . 1697 1714 0.0038
2004 e 476911, 476613 [ 461706« . %B17D&. 1193, 1205. 0.0025
. 2005 Le__ .. 476911, GT6943a .. o Oe . &B170ba_ . _4B)IDe . . B3B. ________ B4Z._..___Da0018 ___
2066 Go 470911, 478911, Go 481706, 481708, 589, 595, 0.0012
2007 239b3e . 476311, .. 50069Ga . 23983. . . __ 4BYI0b. . :S056B5. _ __ 435._ . 439 .. ... 0a000%
. 2006 55854, 47651, 532715, 55804, 681706 537510, 325, 328. 0.0006
2006 31871, 476931 508737, 31621a 4E1 204, B13527a 218, 221 £.0004
- 201 e 470511, 476911, : . 481708 481708 144, 145, 0.0003
e 2611 .. Gae_ .. ATGIl. . B7BF1ie. ... e GE1I0A. __&4B170Ha. _le1 192a . 040007 __
2012 2. 478611, 4786911, 0. 481706, 481706 " 71. 72, 0:0001
. L2083 . Os . _a7631%. L BT69LYa . O GALTDBa..__ GB1M0be - Sfa___ ... 51, 0.000) .
201 2. a7691%. 476911, 0s 481706 4581706 35, 36, 0.0001
20158 G L7593 ) 476911 . Da 48) 70h. 481706, - 25 25, L0001
2016 s L76511. 475913, . 481706, 481796, 17. 18, 00000
,,,,,,, 2017 . Qs 476§1Le ._.__ 478913a_ . Gao.e 4B1T0ha _____ 48170ba oo 124, 2. _@.0000
2016 83076, 476611, 556657, 83076, 481706, 564784 10. . 104 0.0000
. .. 2019 112317, 47&511.. .. 5BY225. 113717 _ 481706 593423, Fe o Ba...._0.0000___
; 2023 141c65. 476911, . 617970, 140395, 4817004 622101, 5, . 00000
2023 200051, 476931, 676972, 1991 7fie SB178h. £BOBAG, b & 00000
] 2022 138156, 476911, 515069, 142786, 481796, 624097, 3, 3. _ 0.0000
A 2023_ . __ 31%B4%4. ___ 476911._ __ __ S01755. __ __1161Gfs_ 4817064 S95ASZ._ Zo e Ra . 020000
2024 192696, 476911, 5796034 99522, 581706, 581228. 1. 1. 00000
2025 99243, . A7691l. ... _576163. ... 9B97Be _ . _4B1206. ____ o BRDABG .. . 1a k... 0a0000.
2026 176696, 476911, 853605, 169548, 4817064 651554 1e 1. 0,000
2027 193831, 876210 6ZL752 193831, 4B1706.. A75637s 1. 1. 0.0000
2028 211595, 476911, 8BR51G, 211599, 581706, 693305, . [ 00000
e 2029, _10971%. . . . 4706%k1. .. _.  5B&E63L. 105%73G. 481706. - 591425, Qa e - +D. . __0«.0000_ __
203¢ 9 476911, 474911, 0. 481706+, 481706, [ [ 0+0000
,,,,, 2033 . Ge.____476%11. 674G 0a 4B1706e 483706 . Be. - Oa___._ ___0a0000...
2032 0, 476911, 476911.. < D, 481706, 4817064 ¢. 0, 0.0000
2032 s L76C1 1. L5755V 1. [ 481704, hﬂl?ﬁb. £ Qo 0,0000
2034 'R 476511, 475911, 0 4B17044 481706, 0, 0. 040000
- __RD35 . __ Oa_ 4769114 476911 Qe e B 7D ‘481706 0. Do _.._._..0s0000 ___
2036 c. 475913, 476511, 8. 481706, 481708, 0. 2. 0.0000
.- TaTaL 5034562, - 1930168%. 24335251, 5016629, 19498155, - 24514783, 698963, 698963,
.. __AMBUKULAL__ el e i
TASF =~ A-F
-k e T £ ¢ e e — o e s
BEE . RaRas 2 622248 % _ _BXR s R
TABLE PRESENT  VALUE
_ DISC, RATE(®) () Tan Tz KELL (25} . {30) 135 10y
' cosT o ’ T T . T o
04~ 5429341, 2084547, 1510066, 514439 293546, 176970, 111198, 72199,
e TOTAL o BLS0BR6s. .. 4050263, . 3226767, _ 1766928x___ 1338107. ___ 1066580. 8A300%. - o
: RENFFIT . e : — . . L R N e
e INVEST. 2753917, 1961301, . 1765013 1248394,  1043022. 888443, 768890,  © 674851, -
0 & ¢ Q475394 2IGHE2] 152593 519993, _ 29AT5]. 178921, 1124384 730408
TOTAL 8236371, 4067727, 3291667, - 1766387. 1339773, 1067364, BB1324. 747459,
TTarc TUUUUTTTN00se 0 1.a6s? 1a0037 1.002C . 1.0012. 140007 10004 1:0001 D
T Tecr T T Tassas. | 17459, 12228, 3440, 1666, 783, ‘3213, 72.
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Table - 12.5.23 T.R.R. and Present Value
Case : (a) ~ (c)
[ o AMBUKULAL
CASE = A~( R —_—
S . - TAILE . . _INTERKAL RATE OF RETUKn —
- - e €5y BENEFIT ___PRESENT._VALUE _laRaRs
YEAR IRYESTMENT 3.4 ¢ TO4TAL 1LVESTHE T new TOATAL COAY. RENEFIT NISCAaTACs
e 1987 L 2bbGB. Ce 26543.. co— - 2EBES. qs L 26646. .. ..o 2668B. . . .. 20648, 1.0000
1988 1675206 G 147525, 167520, U 167526, 142338, 142338, 0.8697
_ 1989 . . 239513, 0w 239513, 238847, 0 L 236847e. . ... 172904. ... .. 172423, 0.7220
199¢ 306155 0. 3061545, 30540, O 305496, 187780, 187323, 05135
1991 621685, [ 621436, 420704, Oa 420705 219156 219245, Ba321%
1997 352904 . C. 352904, 350235, G 350238, 156260, 155080, Be0420
. 1993 . . .. 313786~ U o 313756.. . . A05203a.. U 306203 ... 11804%. ... .114820. 0.3764
1944 300282 G 3002562, 288924, B 288954, 5984, 92363, De3198
1995 ... _296450. G L 296455, .. 2883540, 0 2883504 80514, 78312 02747
1996 _ 316365, 395804, 715174, 308756 407637 716393, 145027, 165309, $e2309
1997 - P3BTG4. P clided I 638925 238704, 403039, ha7743. 125266 126995 0.19462
19596 173195- 412344, 586249, 1732105. 421955, 595060, 974657, 99125 De1667
1999 _ 855534 ... 443504, .530357. ... B6553. _ . 452626 539182a._ ... . 25063... . _..T6312. ... . Dal4lb .
2006 Ge 476511, 476510 Je 485740 485740, 27350, 58412. D+1208
e R0OY o e 476511, o A4Ta%il... . D . 4B5740a _.. 489740. .. 4BT27, . L A9829. . . . (0al023
2002 O+ 476611, 475985, Oa 485740 GEST4D Y 41401, 42168, 00869
2001 Qo 476911 476911 - s 485740 485740 351 2t1e 15827 DL N TAE
2004 . [ 478911 475511, Ga 4B574G. 585740. 29887, 30441, 00827
2005 Da . H7B91ke . 876%11e . . Oa .. C4B5T40a .. 5B9740. .. 2539%... .. _.25B6%a. .. 040533
7006 O 476911, 476911 Ge 485740« 485740 . 21576, 21975, NeD453
L 200 23983.___ . 4786911. . o B00BF % .. 23983, AB5740. _ 509722e.... 19258, . ____19393. ... L Ra038% . -
2008 55804, 476611, 532715, 55504, GB5T74G e 541544, 17398, 176856, 010327
2009 31821, _478911. IRV . 3152Y, aft5760 . 517581, 14117, 14367, 040278
2010 . O 476911, 476911 . G 485740, 485740 11244, 11452. 040236
e ZO)Y G ATO9 Y. o GTES e . Ga . 4BST740. __ . 4B5740. ..8553. . 9730. .. __ [Be0201 .
2012 0. 476GE1. 476911, 0. . 485740. 485760« 8117, Bz47,. 0+0170
_.RAYR o Cwe L AT6F1 e L 820831l o fime_ = 4B5750s.__ .. 485740l $897. _. FO2% o o /Y1) L3 J—
2014 O« 576911, 475911, Cs 485740, 485740, 5880. 5948, 0.0123
2015 Ga 470311, 576911 [t 485740 685740 4979, 5078, 00105
2016 {3 476611, 476911 [ 1Y 455746, 485740, 4230, 4308, 0.0089
2007 Sa . HT7691).. e ATRO\Llee Qe .. 4B5740s. ... .. 4857640 ... 3595, 113 00076
2018 B3075. - 4769114 559485, 830784 485740, 5686817, . 3586, 3662, D0084
2019 112317a .. 4769 ke BEF225. . 11171 o eBB40. . S9745T. . .. 320ba ... 3250. ... .. Da0B55_ .
2020 141085, 476915, 617976, 140395, 485740 626136. 2857, 2894, 00048
2021 200061, 476511, 626877 19917R. 4A5740. HR4Q1 7, 245%. 2690, Da0039
2022 138156 47691k, 615065 13575%. 485743 621498 . 2052, 2074%. 0.0033
2023 114845 426911a ..~ 991753, L 07014, . 4BST74b. 592857 1678e .. AbBla.._ . 0.0028 ..
2024 © 1024690, - 676911, 579601 52695, 485740 578235, 1396, 1393, Oal02% .
2025 99268. .. 470911, 526165, 91951, 485750 §7769Le .. 1379 . 1182, . GuR021 .
2026 176656 476951 653603 169846, 485740G. 655588, 1137. 1140, 00917
2027 193631, 476511, AILT42. 193831, 485740 679571 99Y, 10064, Q.0015
2028 1211599, 476911, 658510, 211599, 485740, 6973386, 6%, 875. 0.0013
20292 1087219 . _476%11. . 4,5,‘2{163_&‘__;_1&9.7.1_9_.__...4&&51_'1ﬂ;.__... EB95458a . B2Z26.. . . D35a .. __. 0a0011 .. _
2030 G - 476911, 470311, Gs 485740, 485740, 432, 440, ¢+0009
[N - 5 WU  F SR 575911 475311 [ GBST40s .. .. GB52A0e . ... 3674 .. _ 304, C..Da000B..
2032 0. 476911, 476913 0. 485740 485740, 312, 3184 0206007
2033 fis 47651 0 676511 139 405740, 485760, 265, 270, D.0006
2034 1% 476511 476511 0. 485740, GBS T40. 225. 229. 0.0005 H
C.2035% e ..o &F0911. . GZ66E). LA 485760 e. .. _ aB5T40. ... 191._ __19%, ta004
2038 O« 476911, 476215, Ge 485740, 485740, 163. 166. 0.0003 :
TOTAL 5034592, 19301655, 24336781, 4957290, 19663624 245620914, 2052185, 2052184,
AHRUKUL AT e — e .
o CASE - Ax( :
#EH 1.Ra%. = N7u8% % l¥b - o e
. TABLE PRESELT  VALUE
DI1SCe RATELE) { 5} (it} (12} 20} L3} -(30) (353 (40}
cosT . : o . : -
INVEST 27615A%. 1045116 1262739. 1250683 104454 . AAGAHL] 769804 £251AR,
0DaH 5429341, TZ0B45LT. ‘1510048, . 514439, 293546, 176970, 111198, 72199 .
TOTAL A190826. 4050263 3278287 1764928, 1338107, 10465580, BBIOO01.  I4F3AY. -
BENEFIT - el —_ ] . —— —
“INVEST. ‘2726457, 1943525, 1749486, 12384610, © 1035461, 8A2519. 764195, 670693,
N4 M 5R326A% 21260%a 15394455 R24634 2994567 1804525 113683, T3AQ4.a
TOTAL 825912%.. 4068418, = 32B3957. 1763304, 1334927, 1063094, 877678, 744386,
B/C 1.0082 . ¥a0045 140031 049951 049976 09967 0.9962 0.9960
“B=C 68284, 16156, 16165, - «}&23, =3179. ~3487. ~3324. =3060.
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Table — 12.5 24

MW Balance in Period I of 1996

Capacity (MW) at Sending End

Run of River

Pilants _
('01) _ (Cz)
Gas ~turbine ( 255.1) ( 2551)
Pumped Storage 1111y . . 75.0
(1,216:3) (1,245.0)
~ Reservoir 9124 1,143.7
Oil-fired (1) 11161 (1,130.8) ] 1,130.8
Oil-fired (2) 164.6 164.6
Coal—fired (150MW units) | 209.1 0
Coal~fired (300MW units) | 385.3 38538
Geothermal 859.1 859.1
28.0 280

Total

3.787.0 (42488)

23,7870 (4,0684)

Reserve Margin after
considering Foreced Quiage,
‘Maintenance and Station use.

461.3 MW

122 %

28 1.4 MW

74 %

Note ! ( ) shows Potential Capacity at Sending End
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Energy Demand in MW
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Energy Cemand in MW
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Fig = 12.5-2 Duration Curve I (from Apr.to Jun. 1986)

12 - 129

2184



Energy Demand in MW
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- Fig — 12.5°3 ' Duration Curve ¥ (from Jul. to Sep. 1986)
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Energy Demand in MW
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Energy Demand in MW
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Fig— 12.5-5 Duration Curve (from Jan. to Jun. 1986)
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Energy Demand in MW

Load factor:’B.689%
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Energy Demand in MW
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iLoad factor:?8,515%
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'Fig —12.5:7 Duration Carve (from Jan. to Dec. 1986)
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13.

13,1,

Dam Safety Control System

General

The " general safety control requirements for the Ambuklao

Project were discussed in Chapters 4 and 10, above.

The safety control of hydropower facilities cover wide area,

"such as safety against landslides at or near the project struc-—

tures and around the reservoir, safety against floods and sedi-
méntation, safety of the dam and its foundations, underground
structures, generating equipment and facilities, and environ-

mental conservation,

'In this Section, safety control for the rockfill dam is dis-

cussed in greater detail, taking into account the ef fects which

the earthquake of April 1985 had on the stability of the dam, .

For “safety of rockfill dams, prevention of the following is

important:

(1) Flow over the top of the dam
(2) Seepage through the dam or its foundations
(3) Collapse of face of the dam caused by large earthquakes.

'Inépection, surveillance . and ~maintenance of the dam and 1ts

‘auxiliary structures are,  therefore, very important, for the

safety of the project.

© For this,.the fol1owing'measurés are required:

(1) Monitoring -

(2) - Inspection and surveillance

f(3)  Detai1'inspedtion'and*further invastigations

4) Maintenance
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13,2,

Monitoring

It is proposed to change the existing monitoring system in
accordance with the proposed -three stages described below.
As over 30 years have passed since the completion of the
Ambuklao Dam, it will be natgral to assumé that the Ambuklao
Project should be placed in the third stage. However, con-
sidering the earthquake of April 1985 and the installation of
boring holes for'underground water observations, ‘1t is proposed
that the second stage be applied. The second stage should be
modified as required. Table-13,1 shows the proposed monitoring )

items and frequency of monitoring.

Description of the monitoring systems follows.

(1) First Stage

This is the stage which covers ‘the initial reservoir
filling period. The water pressure load acts on the dam
for the first time. The dam shows ' variable reactlons
until the water reaches the maximum reéervoir level, This
first stage of observations 13, no doubt, the most impor—
tant for the safety of the dam. Monitoring, therefore,
must be carried out carefully and fraquently, The moni-
toring vTesults must be -anélyzed ‘quickly in order to
evaluate the behaviour of the dam and its-éafety and- to

 decide the mode and sequence of fdrther-water~1eve1 rises.

(2) Becond Stage

During the period of this stage, monitoring iS'perforﬁed_
in order to determine whetﬁer the operatiﬂg‘cdnditioﬁs of
the dam could be judged to be: normal, including the condi-
tions of seepage through the foundation rock. This period

could cover 3 to 5 years,
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(3) Third Stage

This stage covers the perlod during which monitoring of

the dam is done with a purpose of maintaining the proper

function of the dam through its lifetime.

The period of

this stage is the longest of the three stages.

The fbllowing table describes the frequency and type of

monitoring normally used for embankment dams:

Table~13.1

Embankment Dams

Type ofIMonitoring and Frequency

Stage

Dam type

Monitoring JTtems

_ Seepage Deformation Seepage line
U/S* facing everyday once a week
1 zoned ditto ditto
'fhomogenibus ditto ditto once a week
U/$ facing once a week once a month
2 zoned ditto ditto
homogeniocus ditio ditto once a month
u/s faéing once a week once 3 months
3 zoned once a week once 3 months
homogenious once a week once 3 months once 3 months

U/S: Upstream

For 'the Ambuklao Dam, the following specific type of

monitoring and réspective frequencies ‘are proposed:
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Table~13.2
Ambuklao Dam

Type of Monitoring and Frequency'

Monitoring Items

Frequency

Remarks

Precipitation

Reservoir Water Level
Seepage at the Dam

Seepage at the Powerstation
Water Level at the Openpipe
Piezometer

Water Level at the Openpipe
Piezometer on the Dam Crest

" Water Level at the Inclinometer

Hole:

Water Level at the Spillway
Left Abutment

Dam Displacement,'Alignment—l

Dam Displacement, Alignment-2

"Inclinometer

once a day

aonce

once

once

once

once

‘once

once

Lonce-

-once

once

a

a

day
week

day
month
wéek
week
wgek
mbnth:
mqﬁth

month

to-be reduced in

the future

to be reduced in
the future

" to be reduced in the

future

to be reduced in the

"future

to be reduced in the
future

13.3. InsEeétibh

Inspection of structures is very important for prevention of

problems and, failures.

Inspection of the ‘dam on a 'regu_lar

basis and in accordance with some predeferminedfpattetn can be

very effective in5pfeventing_major problems or even failures

from developing. 1In 'addition to the fegular_-inspéctions,

inspections to be performed after ocrurrence of a major event,

such as large floods orzearthquakés,'are_élso highly desirable,
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The above inspections and their frequencles are presented in

the following tabulation:

“Table-13.3
Type of Inspections and their Frequency

‘Type of Inspection ' Fréguencz Activity

Periodic inspection Once a month Measurement and sur-

veillance reading

Inspection after If stronger than .... ditto
earthquake cn the Richter Scale
Inspection after flood If bigger than 3-year ditto

return period

Inspection after heavy If bigger than 3-year ditto

rain

13.4.

return period

Detail Ipspection and Further Investigations

1f abnormal behaviour or conditions are detected during the
periodic inspection or from the collected monitoring data, a
detail 1investigation must- be undertaken to  determine the

causes for the above.

The extent of the investigation will depend on the importance

of the problem or the structure.

‘For the Ambuklao Dam, the abnormal flood of December 1976 or

the earthquake of April 1985, belong to the events for which

further investigation would be required.

‘As reported such proper measures were actually taken at the

'fime of the ‘occurrence of the above flood and earthquake,

¥
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13,5,

Maintenance

When it is found, as a result of the routine inspection or
inspectioﬁ after the occurrence of a big flood or earthdnake,.
or simply from the monitoring data, that the dam or certain
parts of the dam require to be maintained and repaired, such

work should be carried out immediately and without any delay.
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