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‘4 3. 1 General

_ There were four stream gauging statlons in the Agos rlver system.
ﬁOut of them, ‘three stations were stopped their. operation’ by 1950. Long
‘and reliable dlscharge reocrds . are availablé only at Banugao G.8..on the
Agos rlver, whlch is 1ocated at 6 km upstream from the estuary, and ‘has

“the drainage area of . 91] km2 . The Banugao G.S. has the complete dis-’
' charge records: for 26" years from 1950 to 1973! and in 1977 -and 1978;
..which has been proven to be rellable. (Refer to Appendlx A)

Annual max1mum dlscharge records are ava11ab1e only at Banugao G. s,
5for 22 consecutive years from 1949 to 1970.  An automatic water level .
_"recorder had ‘Been operated here 51nce July 13, 1956 ‘until July 26, 1972.
“'No. past records are avallable to" correlate storm ralnfalls and flood
"dlscharges iny the Agos rlver system :

Most parts of the Kanan rlver ba31n are covered with the thlck
forest which protects the: ba31n from 1and eroslon in sp1te ‘of such
heavy ralnfall as partly exceedlng 6, OOO tm ' per anhum. While the Kallwa
“river basin has been comparatlvely developed from: its westmost tributary,
“the Lenatin river, by the’ past 1ogg1ng operation and by settlers. ‘There-
- fore, 5pec1f1c sediment productlon of ‘the Kaliwa river: 18" expected to be.
higher than that of the Kanan river. ‘Water quallty of the Agos river
" $ystem.is confirmed to be:quite clean except the turb1d1ty by silt during
hlgh d1scharges, These water can be. Utlllzed for any purposes, ‘

To Tesume the observatlons, NAPOCOR establlshed three stream o
:3gaug1ng statlons w1th staff guages 1n 1978 They are Mahabang Lalim
6.5, on ‘the Agos r1ver, Daraltan G.5. on the.Kaliwa ‘river and" Malasolaso
G.S, on the Kanan rivetr, The 1atter two stati ns‘have only temporary
,-staff gauges “In compllance w1th the recommendation by ‘the. JICA. team,
'-NAPOCOR“established tyo more stream gauglng statlons at: Nlo on the’

‘ iver ‘and. at’ Blnugawan ‘on the Kanan river in 1980. The three
_‘stat1ons, namely Mahabang Lallm, Nlo'and Binugawan, are 1ocated w1th1n
23 km from. the: confluence and equipped with an automatic water level - :
frecorder Cableways are: constructed at Mahabang Lalim G, S. '1n September
1979 and at Nio G.S8. in June 1980 to, enable the dlscharge measurement,'

' ‘_sedlment measu ement and the access to the reCOrders during floods

. _f Based on the past records mentloned above .and the records obtained
uby newly’ established- ralnfall and :stream gauging’ statlons, studies on
j'run—off flood aud sediment transport are carried out for the. Agos river
system as descr1bed in. the. followinguparagraphs,

-4 3 2 Run off

. The Banugao dlscharge records glve the specifle d1scharge of as
high as 12 5 m /sec per 100 km2 equivalent to the ELfECtIVE rain of -



-3, 940 .Inm per annum.. The average monthly discharge of- the Kdnan river
has  the. single peak in December while that of the Kaliwa river hHag the
first peak in December and the second peak in August as shown in Fig 4 -3,

_ The 26 years discharge reocrds at Banugao 6.8 1nc1ude two very

; rich water years corresponding ‘to-the: recurrence period of. about 50
_years. The average’ discharge at Banugao G S, i otatistically calcu~1 EAPNN
“lated at 118 1 m3/se¢ as the. logarithmic mean., However, from the'stand
=_point ‘of the practical water: utilization, dtois optimistic to expect ‘the -
‘occirrence of: such - rich water:yedr: twice: in 26 years. Hence,;the'avail-
able discharge at Banugao G: S.,is conservatively ‘estimated to be 113.8

m /sec as the 1ogar1thmic mean excluding the two rich water years._

. The available discharges at the proposed dam51tes are ohtained
based on’ ‘the: above. discharge of 113, 8 m /sec at Banugao G. S “the dis-
.charges estimated’ by CDM -at- Daraltan G.S. on: the'Kaliwa river ‘and the

L newly prepared ischyetal | map of ‘the average. aunual - rainfall in. the Agos

river basin. - The estimated avérage monthly- discharges at the proposed
damsites and. Banugao G.S. are shown as follows )

Average Monthly Discharge at. the Proposed Damsites and Banugeo G S.

(mB/SEL)'

Kaliwa - Kanan No:l - Agos ”AQOS . 'Banugao
Month - Damsite Demsite. , -Damsite _ Af;erbay G.S. .
elr '
(279 ka) (285 km2) (867 km2) (894 km2) (911 km?)
CJap. oo 14% 97 -89 55 1511 49=: 158, 05,- 162.03 .
© Feb. . o L U6i6l 0 66.230 . 105.19 - 110.04.. 112,98 .
‘Mar. S 3,58 U 49,50 - 76550 80,12 82,32
Apr. ) 2:64 30099 48,5270 1 50079 52,17
May - .. 30020 26,79 - 43,08 45,04 . 46,23
“June : .7 5.66: 25311 44073 46457 h7.68:
CJuly o 3533 0 8.90  66.97 67,62 . 68,02
L Aug. :  48.88 - 7,98 86457 87.03°7 - 87.39
. 8épt. Ch4h7T 50360 0 90,25 v 91.3870 92006
Oct. - o 37,57 L 62,91 147,91 152.51 S 155131
Nov: . ... . = 50.53°'- 89.27 205.63 . 212.16 . ¢ 216.13
. Dec. ... 758,77 . 98,61 . 231.68 238,90 . 243.28
Annual Mean. . ..26.00 47.60 108.20 . 111.68 "113.80 .
“Specific - . : - - S
Discharge oo S0 ooae e s T e e T T
per 100 kmZ - . 079,30 160700 - 1205002 712,5 0 12,50




‘ : The monthly dlscharge series for 26 years at Agos dam and its after—
_bay ‘welr ‘are generatéd by simply’ multiplving the. recorded dtscharge T
fserles at Banugao G S by the ratio of the average discharge

L e "jg'ont” V. discharge serles for 26 years at . the Kaliwa and Kanan
;No 1 dem51tes r”“generated ‘on the basis of " the above' average monthly

' discharges and: the recorded, dlscharge series at - Banugao G 8. They ‘have.’
f_the fa11 dlscharge fluctuation, ‘which® include a dry year. correspondlng

- ~toithe recarrence: period ‘of- more’ than 50. years.- Accordingly, it is.
aﬁjudged that ‘the: geneyated- dlscharge ‘Series ‘dan be; used for the water

: utillzatlon study to: choose an optlmum development scale

b 3. 3[”Flood

o Hydrograph of the recorded second largest flood on- November 20 1966
: at; Banugao G:§. having the - peak discharge of 6,070 m3/sec has been newly.
vfound out, - The.recorded maximunt. ‘flood on October. 26 1978 was traced at
this station ‘on March.9,:1979 from 1ts flood marks.on coconut. trees. to
‘obtain the peak dlscharge of: 6 650 m /sec .- The flve largest floods
'recorded at Banugao G. S on, the Agos rlver are llsted below:

“Fivs;rsrgéstlFiasdsfat“sanugso,c;srjsn'the’rgos River (D;A.;sli kn?)

(m /sec) '. Remarks
10 oet. -26<31978‘fuf 6,650 - - ~ Traced on March 9, 1979.
2.0 Nov. 20571966 .- 6,070.7 . - -~ Recording chart available.
kR ‘3__Nov,:26;,l921 S 4,890 0 0~ Ratlng curve not clear:
T4 Dee. 31,1950 o 4,250 s - o
L 50

Dec. .10, 1956 . - - 3,510

g Statlstlcal analy31s is carrled out on, the 22 years “annual maximum =
discharges recorded at Banugao G,S. from. 1949 to 1970 using the four dis~
'_'trlb ion functlons and the results are ngen as’ follows . '

An estlmated frequency curve by Log-Pearson type III represents Well
‘ ; " of the flood sample as 'shown in'Fig.4d—4. Therefore, it
the above results obta1ned by Log Pearson type~III are
'reliable though the recorded maximuimn flood dn 1978 is not included in.
“the sample due to lack of: data for - 1ntermediate years. from 1971 to- 1977

- .Tlood for ‘a given recurrence: period: at each proposed damsite is obtained

H'based on ‘the above results at Banugao G. S. with the correctlons by drain-
age” area and: annual ‘basin rainfall.: : : :



Statlstioal Analysis of Flood at. Banugao G S. on the Agos River '

: _(m3/seo)
IReeurreoeé;-‘Logpﬂﬁtreme Log- Peareon Twal : Gumbel'_ . The
Period (yr) . Type-A = ”Type—III : Method': - Method Z-Largeet
21,700 1,660 - 1,660 1,830/1 1,830
300 -, 4,760 5,340/1 - 5,150 - 5,340/1° - 5,340 .
100 6,770 - - 7,500/L 7,140 6,760 7,500
. - 200, 8,220 T S 080/1 .. 8,450 7,570 "}.9;080'3
1,000 .. 712,700 . 13 600/1 k2 000-: 94440 - 13,600
10,000~ 23;000/1 22,600 - 18,500 12,100 23,000 -

'NOte:' /1 The largest eetimete__"

"On the other hand ‘an enveloplng ‘Curve of unusual floods 15 prepared
‘Qfor the study based . on the records, as of’ 1969 at 409 streéam gauglng .sta=
" tions ‘all over. the Phlllpplnes. The curve 15 glven by Creager s equatlon

. of C = 140.

e The splllway de31gn dlseharges of the proposed dams are obtained ‘

based on’ the’ ?OO—year flood.- In ‘c4se of a fill type- dam, the discharge
is multlplyed by 1.2 in"~ aeeordance with the Japenese Standard ‘Final
esafety of a fill type dam is. ‘confirmed by ‘the Probable” Max1mum Flood
(P.M.E.) which is shown in Flg 4-5, The adopted splllway design dis-
fcharges of the proposed ‘danis are: compared in the. next .page with the-
recordéd maximum: flood, 200—year flood; envelopes for’ Ph111pp1nes and
‘the Far’ East P M F. and 10, OOO—year flood

.7'; The adopted spillway des1gn dlseherge and P.M. F for the Agos dam'

'=Pcorre5pond to the recurrence. period’ of: about: 400 and 3, 000 years, res=— '

‘pectively. As ‘seeniin. the table,_the 200-year flood and ‘the envelope o
o for Phlllpplnes are fairly close to -each other. 'The spillvay! de81gn '
discharge of the. Agos dam is close to the envelope for.the Far: East-

_The 10 OOO—year flood is unreasonably large eompared w1th the .M. F.



-;Coﬁpafiébhﬁof $pillway Desigh’biébhéfge with Various Floods

No.

:ffpfaiﬁagé37-‘.='l
hrea in

;ﬁamsfﬁﬁe‘ﬁh

- Banugao .

G.S.

911 .

Agos

g6 84

1L

" Agos  Kanan No.l
" Dam . Afterbay’
e Weir

concrete

285 279

concrete:

| Kaliva
“Dam .- Danm:

FL11

':tSpillway Des1gn”
fDlscharge.

 'Re;Qrded_- A
:V_Max;'Flbod‘

' g*20o-year Flood

‘aEnvelope of ;5
Unusual Floods _
©dn Phlllppines '

*‘fEnvelope of _
" Unusual Floodsf-
oot Reglon Cin
*;_the Far East/3 -

'_P M. F.,_'.

10,000-year
 Flood :

6,650

9,080

9,530
© 115000 -

| '5,4'90(_2_:_6

9,300
10,800 °

'22,500

10, 6ooﬁL-5

a7y 0 -0

8,970
j590/2

8,970 6,450

9,460 5,220°

=:11,000'

‘ 22;800-_;5

6,450 5,17

6,170 . 6,100

16;460' -

11,000

Note: /1

LI .

.
N
-

_-typhoons strlke most often

'Obtained as 1 2 times of ZOO-year flood in accordance
'w1th the Japanese Standard B . v

'-¢Obtained from Banugao records by Creager s equatlon.

..1-

4,310

5,160

Developed by ECAFE 4n l967 for those countries Ta1wan,_.'
Japan, Korea, the Phlllppines and Vlet Nam where



4.3.4_Stdinentation o

Suspended 1oad of “the Agos river is being measured at Mahabang
Lallm strean gauglng station which is located atl, 560 'm downstream
from- the confluence of ‘the Kanah and Kaliwa rlvars.w ‘Based oh thé’ 36

ameasurements made - in 1979 and 1980, a gediment rating curvé. is’ estab—

1ished ag shown in Fig 4= 6 The curve is given by the following equa-
tion' o ‘ .

Qs 0. 005802 Q2 4515

"'where, Qs‘? suspended sedlment load in ton/day

,,;Q: discharge in m3/SECs_-'

B Applying the above sediment rating curve to ‘the. 26 years daily
discharge records at Banugao G.S. and multiplying by 1.2 to correct.
indispensable error due to- daily calculation, the average annual sus—
pended load of the Agos river at the-Agos ddm 1s obtained . to be 423,000

w3 /year. equivalent to. the: spec1fic load of 464 m3/km2/year -The 'bed
load -is simply assumed to be 20 percent of the suspended load. Then,
:total spe01f1c sediment 1oad 1s obtalned to’ be 557 m3/km2/year. ﬁgg;u

. The sedlment volume in’the Agos reserv01r during 100" years w11l

. be" as small as 17.9 million. cubic meters taking into consideration the.
. trap efflciency by the Kaliwa -and.. Kanan No 1 dams. The. above volume-'
is only 5 percent of . the dead storage of: 378 million cubic meters.., AT

 Even if all the sediments are accumulated in the live storage of 552

‘million. Cublc meters, 9? percent of the live storage will stlll be
effective after 100 years ;operation Furthermore, i ti 5 =
f1c1enc1es of the Kaliwa ‘and Kanan dams Aare neglected')”he total sedi—_'
ment volume will 'be 46.3 mllllon cub1c meters, only 8 percent of the
live storage. It dg, therefore, Judged ‘that reservoir: sedimentation =
causes no practlcal problem for the AgOS dam-. Same conclusion is.

" obtained for Kaliwa and Kanan No.l dams. : -




AV Geologx _3:

.4 4 l General Geologg

. : Thelr geological age is assessed to be from Cretaceous
I o Paleogene.- Greywacke is poorly -sorted angular to’ subuangular rock
- fragments . and’is ‘well consolidated and hard 'in fresh fac1es., It is're=
"markably mnagsive’ in places w1th obscure bedding plane A part of grey--
‘wacke is. c1a551f1ed as conglomerate which contains: gravels .anhd cobbles.
_densely. Tteds also hard ;as: greywacke in fresh condition: Thin beds
- of ‘shales and fine- graln sandstones interca]ate in greywacke and con-
wglomerate.: They are dark bluish to light brownish and homogeneous
_rock w1th h1gh consolidation. -

Mas51ve limestones are: found in the V1c1nity of Daraitan on': the :
-\upstream of the Kaliwa river. . Limestone" masses trend to. north south '=
‘dlrectlon, formlng high mountain ridges S :

: Beddlng planes show genelal trend of north south to northeastmﬂ'
" solithwest: 4. strlke._ Dlp wvaries: in® dlrectlon and 1nc11nat10n w1th
_rather frequent minot" foldlngs and :faults, A major geological . structure
in this area is- the: Philipplne Rift: which has- north- southerly trend
'through Pollllo straitiand: maJor fault, Infata fault, N
. western’ border ‘of the. let running: ‘north to sputh.is aboul 5 km west of :
;.Infanta Some ‘other inor faults have ‘strike- of NE -SW- to ENE—WSW one
of whlch runs nearly along the Agos rlver.;; B ‘

- On the Kaliwa river upstream of Mount Daraltan, 1ntensive1y warped
:_mlnor foldlngs are observed frequently These are’ deemed to be due to
~+ the movement related w1th faults R

f'_“!};_-fa_;

Geology of the PrOJect Sltes:?g:;

:(lj‘lAgos Dams1te .j"'.

l'a) Geologlcal Condltlon

: Bed rock in the dam51te is composed of the sedlmentary rocks of
greywacke group ‘of. ‘Cretaceous. to Paleogene age, comprising most

. prevailling. greywackeS,conglomerates, finé sandstones: and- shales,

" which ‘havé been’ metamorphosed in: low- grade, . The’ bedding. planes are
jgenerally obscure but sometlmes dlstlngulshed by the layers of fine
_sandstone “and.: shale, The average strike and dip. are N30° 35 °E/

30° = 45°SE respectively. Joints and mlnor :dislocation. planes are
~ developed dominantly in the direction of N70° - 80°W/60° - 90°NE.

4 ~10



Talns deposit is distributed over the foot of the slopes along o
;'the river . Terrace and flood deposits are 1imited in and around the
'damsite.- River deposit is some 30 m to. 40 m in th okness on the i
dam- axis.f This great thickness is deemed to be related with the

regional subsidenee of:. the above mentioned rift valley '

b) - Foundation Engineering

The following three problems were found for foundation engine—:

: ering in the Agos damsite._

' i} .Thlek residual 8011 or decomposed rock zone on the righthzd
&abutment.r ' : :

ii}p Thick river deposit in the river bed
: 1i1) Faults in the river bed and on the rlght bank
e fihe weathered rock zone at least 1n the river bed and a: parti]
of abutment below EL.120 m are ‘to be. removed “The" re]lable foun—.

.:datlon for. the 1mperv1ous core Zone is the fresh - vock which is 30 m
deep-on :the right bank;, 45 m. deep in the river bed:and 10 to 25'm.

.. !déep on the left bank. The foundation rocks' in fresh ‘zone ‘are

d.suffioiently stable and hard for both concrete grav1ty dam and
_ rockflll dam.-; : : : .

) The foundation treatment w111 be performed by cement grouting.
aThe grouting is to be carrigd out For the most part . from thefsurface
of -the fresh rock zone, - Leakage through open cleavages canmhe
tredted by ordinary cement grouting Concejvable depthiof curtain _
‘groutlng for: des1gn 15 60 m from. the fresh _ock surface’ around _
river bed, COVerlng alittle: more: than one: ‘third ‘of “the ‘dam: height
and. the. p0381ble hlgh 1eakage portlons The depth of ! grout curtain

~is_to be reduced to 30'm-at.the abutment of dam. . For consolidation_-

i:and blenket groutlngs, the depth of. 5 m w1ll be sutfic1ent for
=..generaily solid fresh rock : : v :

Constructlon of gallery for inspeetion and curtein groutlng is.
recommended at the bottom of the imperv1ous core foundation._'

.c)_ Geology of the Reserv01r Area

: ' The reservoir of the proposed Agos dam w111 develop to an
V_extent of - 22- km upstream along theé Kanan river and 28 km upstream .
along the Kallwa river at the high water level of EL 165 m.

:4:4111?”:__



oo Geologically, most part of" the reservoir area is situated 1n
':hthe'gr ywac&e'u‘conglomerate - shale province. General” trend of o
the_bedding planes ‘shows NE-SW. or ¥-§ in strike and various degreesf
of ‘eas _ Faults are dominantly 'oriented NE-SW or N-5 but
gfnot of=very major scale.  ‘Only'a few development of eavities are
found in 1imestone ‘beds: developing in vicinity of Daraitan on the
Kaliwa rlver. “But leakage ‘problem seems: negligible bécauge’ of
. shallow Water level at this point and the presence of - impervious
" beds” around the ‘area. Development of thick re31dual soil are . ‘
gllmited in the high parts -of  the mountain slopes‘and’ ex1stence of
_ typlcal land: slidlng is not observed,; whiéh leads that future land
V;sllding will be 11m1ted to a small scale and not in 80-many places.

L (2) Afterbay Welr Site

' a)g Geological Conditlons

The proposed we1r site 1s located at about 8 km downstream of B
fthe Agos damsite. ‘The slopes of the both’ abutments are rather
jrgentle and the width of rlver bed is around 260 m.e

; ‘Bed - rock comprises greywacke and conglomerate w1th 1ntercala—
. rtion. of sandstone .and ' shale: 1ayers, which are almost ‘the salie  as
' ‘those.in the Agos. dam51te. ‘The’ beddlng plane is: rather obscure
“but parrly shows “tha* strlke of - WNW—ESE to: ENE—WSW And- the dipplng
o of- 35°f¥ 4578 in “the fine sandstone layer. ‘Major . fault runs along
3_fthe left 'bank, which" appears ‘on ‘aerial photographs in- stralght
line‘wi he strlke of N?O E._ Rlver bed dep031t is about 50 m in

: hes' ‘about 50 m:in depth Taklng into’ cons1derat10n of
=_'rather small srze of" the afterbay welry excavatlon of a big amountp

~of river dep051t for: ‘the dam construction seems, ot économical.

Al floatlng type dam, accordingly, is recommended for the afterbay
"welr.. Gated ‘welr: part, however, is- required to be supported by
'concrete piles placed on the foundatlon rock .

_ The creep length beneath the weir is to be elongated to prevent
- ‘plping effect Lhrough river dep051t ‘The both abutments of the welr
:_can be placed on the hard foundatlon rock.3 :

S (3) Kanan No 1 Dam31te _fﬁ
'-Thls dam51te is selected at av sectlon gorge about 21 km upstream

from the confluenee of the Kanan and the Kaliwa. . The elevatlon of the
©river bed is about 168 i AMSL The area ig eomposed of very hard and -

AT PR



' massive greywacke with the intercalation of ‘thin fine sandstone layers.
-General directiOns of the bedding plane are. NS in strike and 50 X to’
60°E in dip.‘

It is Judged that any type of high dam can be constructed with
sufficient safety. However, & very. narrow river. section and very high
and rapid flood at this damsite suggest that the Kanan’ No 1 dam is-

. better to be: constructed in type of concrete gravity dam instead of -
_.fill dam ' : : , .

_ (4) Kanan No 5 Dam31te: f

the left bank ThlS 51te is composed of greywackes | 5 ,
.C'the Agos dams1te‘_ The trend of bedding plane is not's 'clear‘but seems

Lo be NBO B in strike and 50°E in dip. A fault” lies on the bed of small
gully on the left bank slope having N23°E of strike and 48°W of dip
accompanying w1th 10 to 30 em thick fractured zone

The weathered rocks and talus dep031t on’ the 1eft bank may. be con—_
__siderably deep, 'so- that mich’ quantity of excavation’ may be requ1red and
the dam volume w111 be nearly the same as, the Agos dam

.'tS) Quarrz Site

: : The quarry 51te for the Agos dam 1s selected in; the area, adjoing
U the dam site to the west. . The distance between the quarry site and '
the Agos dam51te .is only 2 kmi: The’topography is steep: with about 30
'degrees of inclination of the: slopes.ﬁ Bed rock is partly exposed on'
'the river bed or on the hill slopes.”,- :

Approx1mate1y 3 5 million cubic meters of rock materiils are to
_be quartied from . this area- and another & million cubic meters will be
3obtained from the spillway excavation." o

: Quarry rocks for the Kanan No 1 and Kanan No 5 dams is‘ex >
,]to be” obtained in the Vicinities “of the damsites._ Imperv1ous core

' material” is ‘also. expected to be obtained in'the vicinities of. the'Kanan' '

No:5 dam.: Judging from the steep topography, favourable borrow area

”'-_ for impervious material is not easily found for the Kanan No 1 dam

f& 5 Construction Materials

4 5.1 Embankment Materials

Materials required for the construction of the dam embankment ‘are
'rockfill including rip rap (13 41 million cubic meters), filter (1 44



'million cubic meters) and impervious core matcrials (2. 17 million
: cubic meters) : : ;

?(1). 3011 Materidls f:fd_

: Allp.he boriow areas 1s covered w1th deep soils and decomposed rock
-.layer<i total’ thickness ‘of 10 to 15 metersi  The soils in this area-
_ have 1eddish brown color: seemingly withirieh’ silt and clay content ‘of

. 1aterite weathered by stréng - sunshine and’ heavy tropical shower F The

. contentof 51lt ‘and. ~clay (percent finer than No.200 seive) of this_'
‘~Imateria1 is considerably high, mostly from 45 percent to ‘50 percent._
”-This content clearly shows ' that the permeability isg’ very low mostly in
the order: of 1 x 10=7' cm/sec.f Natural moisture content ‘isalso very .

‘hlgh,‘mostly'rangingib tween 50 percent and ?0 percent._ The- results of
E;standar proctor - -compa: tlon test show very low dry density, such as in .
+a range of ‘1.10 to 1.4 g/cm3 With very high optimum moisture contents '
'jmore'than 34 percent mostly. From-.all. ‘the "above test results it dis -
'Judged that- those s0ils belong ‘to. laterlte with very rich fine partin
cles, mostly classified dnto-MH and CH in accordance w1th the unlfied
::8011 clas31fication system :

“In v1ew of aboveementioned phys1cal andlnechanical properties of
the materials, it ig concluded that they can not be utilized as’. 8011
~-material For.: core zone of Agos dam I order to improve the materlals,‘
" cértain quantities of decomposed rock fragment or sand and gravel shall
be mixed Wlth those soils.

i According to the results of test drillings and selsmic eXploration,
':sa weathered. rock 1ayer 1s ‘inderlain’ Just beneath the top s0il. -Séveral.
__tests have been carried out on- ‘the mixed samples of soil and weathered

rock in different pr0p0rtlon '0f these mixed: proportion, one to one
_proportian in thlckness dg Selected based ‘on ‘the results The content
“of silt and clay ‘of the said’ material is in the range of. 18 to 27
f:percent and Plastic Index is more. than 10. The dry dens1ty of compac—'_
-”.tion test 1s around 1.43 g/cm3. IR . :

Of those borrow areas, Agos 1 Downstream area is. recommended for

: the material sources of soil and weathered rock Judging from-the dis~
‘tance to dam, availabllity of wide land area for stockpile yard and" 1ow_
‘natural moisture content of 5011 materlals compared to other areas

'(2) Filter Materials

As for the filter materlal alluvzal dep031ts scattered from the
confluenCe to- the estuary were examined “The’ dep051t 1s composed of
.”well graded mixture of subrounded elements ranging from 1arge boulders
L :to fine sand containing small amount of silt.- : . e



Specific gravity is 2. 62 The rate of water. absorption is 1.5 :
‘percent. and the tesults of- abrasion by Los. ‘Angeles test 18 16.5° ‘percent.
on- an average._ The gradation of river deposit satisfies the require-~ .
- meént. of filter against:coxre material as shown in Fig 4-8.:" Thus--thé
._river deposit sand and gravel is used for filter material '

Among several deposits, Just upstream area of afterbay weir srte
1g: selected Faurthermore, about 900 thousands cubic meters . of: filter
material As available from foundation excavation of river allLvial de—
posit of the Agos dam.w S : S : :

'(3), Rock Materials:

A quarry site for the Agos dam was selected at’ both banks of a small
stream at aboitt” 500 m. upstream from ‘the. confluence of the Kaliwa with ‘the

-~ Kanan.: The- distance from: the. Agos dam is. only about /2 .- The rock to

be. excavated at: the spillway and power: tunnel 1galso to. be used- ‘as - rock
' material: to save the construction cost. - Boulders for rip= rap can be
L collected Erom the quarry 31te and spillway excavated rock

K Rocks dn this proposed quarry ‘are. composed mainly of greywacke,
dark green basaltic rocks, pyroclastics and scha]steins._ Three (3)
~ core samples extracted by core drilling were ‘tested’ for compressive
. strength in NAPOCOR laboratory The strength of 6 samples taken from
- 3'¢ore gamples are ranging from. l 160 kg/cm2 to 1,430 kg/cmz_show1ng
that the rock is suffic1ently hard ‘and suitable: for shell -Zone materials.

e, 5 9 Concrete Aggregates Materials

The quantities ‘of concrete required for dlversion tunnels, splllway,
’power waterway and powerhouse are estimated at 310 000 m3 in' total.:

River alluv1al depOSlta were found along the Agos rlver scattered
from the conrluence to ‘the estuary., The alluvial: deposlts are’ composed
;of mostly graywacke with ‘séme conglomerates and limestone. "Most of: river
 deposits -consist of. sand ‘and gravel ‘and very few . sand deposits: are scat=
tered along the river. 2 Therefore, they can not be economically explored

- and'most of the sand w1ll be- supplied from the. estuary ‘area where ‘the sand
contains rather coarse particles and the beach where particles are fine

- (1) Fine Aggregates

The soundness test (chemical durability test) was carried out by
“washing with solution of -sodiumi sulphate (Naz 804) applying 5 cycles o
" on sand.. The loss’ rate is rather. high, ranging from;10:to 13 percent R

- for beach: sand and 13 'to. 16,3 percent: for river’ sand._ “The tesults in. ;
reduction in a]kality Rc for alkali reactiv1ty tests of - beach sand- were.
satisfactory following the provisions: of ASTM. While the decantation’

' test (washing test) clarifies the fact that 51lt and clay content: smaller”_
than O 074 nm is 6 l percent on an average -for" river sand and 2. 8 percent:

4 - 15



for beach sand It was “also. revealed by ‘mortat: strength test on 7 sand
“ssmples that the strength of  mortar: made of washed sands 18 higher than

. that ‘made of unwashed sands’ by-‘about. 10 percent in both' cases of :7 days
,and 28 days strength. The sand should be washed in the screenlng plant.

B As for the gradation, the flneness modulus is 3 1 on ‘an’ everage‘
Tfor river sand and: 2. 4 for: beach:sand," both of: Whlch satisfy the recom-
.;mended range ‘of2:30.t0. 3,10, In general the viver-run sand’ is .coarse.
- while'beach sand is- fine. Therefore, it is recommended to use both :

fsands by mixing to 1mprove the quality of sand

'f(2) Coarse Aggregate

The coarse aggregates derlved from rlver dep051t are con51dered ‘to
' be acceptable 3udglng from - JSCE standards except washing test..; The seive
'analysis ‘shows good gradatlon for.concérete. ¥ The flneness modulus of

I:river -rin gravel 1ess than 50 mm . is between 6 0 to 7 5

-,;g:In relatlon to rather hlgh 1oss by chemlcal durabrllty test of flne'
augregates several ‘tests on- rock:. fragments of greywacke, sandstone and
~limestone have been carried out to ‘find out: the characteristic as to.
. what component is most react1Ve, in psrtlcular the chemlcal dnrablllty
and Los Angels tests R R > : : S :

. It has been recognized that greywacke 1s the most reactlve to sodlum
'¥su1phate among them and weak 1n Los Angels test.‘

'j Therefore, two pieces of greywecke have been brought to Japen and
'ltested on chemical durabllity and’ X-ray. ana1y31s in Nlppon Koéei Englne—
T ering Laboratory ?Accordlng to “the result, the 1o0ss by chemical dura~- .
~obilitys 45.1.,6 and 1.2 percent’ almost ‘the same “as- the test in ‘NAPOCOR
.. -laboratory ~-ray enalysis revealed that the’ greywacke 1s composed of
Jmalnly quartz;’ albite, pyrophylllte and- includes asmall’ amount of | clay'_'
_ Though it can’ not.be. Judged through one; test, 4t is pOSSlble-
_:that pyrophylllte may react: With the solution of sodjum:sulphate.: JIt
ffls recommended to carry out: more. tests in’the: detalled de51gn stage

-;‘rive frun gravel as coarse aggregates and river*run'send and beach send
“.one’to: one proportlon (1:1) . as fine- eggregate, but varylng the . water
_-;cement ratio raging from 40 to 50 percent. The Tesults are shown int
1.Tab1e 1]together with the" mortar strength ‘tests ‘The ' relatlon between

coogr28iandiofw s on ‘the: recommended line of ~Japan. Soclety of Givil En-'"

_‘?gineering g 6\28 210 o 215 el Though the“strength derived from the

"v.sald!formula is. minlmum requirement, it ds’ judged ‘that ‘the aggregates '
;obteined from proposed sources glven the enough strength for: constructlon

w6



CHAPTER 5

-”:; OPTIMIZATION STUDY FOR THE DEVELOFMENT ON THE AGOS RIVFR SYSTEM

_'5 1 Alternative PlaHS';:_::“

As outlined in the Terms of Reference of the Agos River Hydropower
PrOJeeL the! object of the optimization study 15 to- formulate the most.
benefieial development plan for the Agos river system For: attaining -
this objective, JICA- Survey. Team for the Agos ‘River: Hydropower Develop-

“ment started investigation and reviewed many. possible damsites,’ including -

©five sites on’ the Kandn river; two on the Kaliwa river and two on: the.
- Agos’ river. In the’ five alternative damsites on the Kanan, the lowest
_Kanan No damsite suggested by Lahmeyer International GmbH was 1neluded

On the other hand PICOREM,started a comprehen31ve study for the

-”water supply to 'Metro Manila from 1978, Through ‘the . study;’ the! Kaliwa-
‘water supply’ prOJect (the diverslon seheme) g’ selected as thé most-

. optimum plan for the water supply to fulfill the demand untll 1993

‘Furthermore, the Kanan water supply project is also proposed as the L

__second stage for. water supply to Metro Manlla to’ fulfill the water Te-
'quirement from 1994 S :

Therefore, the formulation of the optimum plan for. the’ whole Agos'
_river is’ to be made An” due cons1deration of the results of both the :
: preliminary studles : : : T S I =

N Prellminary study and analysis were made for the follow1ng four x_r'
alternative development plans on the Agos river system.-~'

_.Plan_A—l: Kaliwa Water Supply Progect F _ : " s
‘ R fKanan No. 1 Agos No 1 and No 2 Hydropower PrOJeets

 Plan A-2: fKallwa and Kanan No 2 W/S PrOJeets *
R : Agos No l and No 2 H/P ProJects

:i:Blaan%3:f"Kaliwa W/S Progect Qaith pumped storage P/S between the
SUe[lv o Agos reservoir ‘and Kaliwa reservoir) “+7 :
"Kanan No. l Agos No T and No: 2 H/P ProJects

1P13ﬂ'3':i 'Kallwa W/S PrOJecL 1+ . AN
B : :Kanan No 5 and Agos No 2 H/P Progects

In_the above plans,,the Kallwa water suppl progect is- firstly
takenbinto‘con31 eration ‘for the ‘Agos river ‘development. plan as the pre~
requisite, In’ plan A~2, the" required water ‘for Metro Manila’ From 1994
. will: be, diverted by- gravity flow through an interba51n tunnel ‘between
'the Kaliwa and Kanan reservoirs, whlle the required water w111 be di-



verted by pumping through a waterway between the Agos and the- Kaliwa
.reservoirs in plan A-3:  In. plans A-1 ‘and B, the water requirement from -
1994 1s ignored (or the Kanan No.2 water supply project is disquallfied)-
and the whole dlscharge in the Kanan river 1s used for exclusively '
: hydropower generatlon purpose i

Plans other than listed above are’ not worth for comparison with

them taking 1nto technical economlcal and project scale p01nts of view._‘a

The economic comparison in: the pre~fea31b111ty stage 1ndicated that'
.:the plan A=~3 was the: most beneficial with the highest net henefit foln
_lowed: by the plan A~2._ In the Interim Report, “howevet, further. detailed .
dcomparison of the two beneficlal plans was recommended for selecting the.
: optlmum one - S el :

In Lhis study, he’ above four alternativ plans are revlewed again
:and necessary odifica 15 made'taking into account the: results of .
=_.the previous: study .and d1scussion_ with NAPOCOR ‘The Agos No.2 dam is-
discarded and excluded f¥oii the; lternative plans since its economic
hv1ability 1s“rather negatlve[} 3The alternative development plans, thus
g'modified are illustrated in, Fig 5-2 to F1g 5 5. ' ‘

. ;f_Prior to ‘the comparative'study on the proposed alternatlve plans,
fstudy for: each project. component such: as the Agos hydropowar prﬂject '
_the: Kanan Noil hydropower pro;ect and, the Kaliwa pumped storage pr03ect
is.; conducted.fol, ssessing the. optlmum development scale on thé: basis:
of ' the p’eliminary study, and the estlmated -cost: and benefit In the *
_7study, construction ‘cost, and operatlon and maintenance cost are esti-
: mated by. u51ng the ‘same unit.prices: ‘and the _same eriteria. applied in.
'Sectlon 6 3 and Sectlon 7. 2 . Power; beneflt is also evaluated by the -
lleast cost alternative, coal dired thermal plant as presented in ‘Section
1.1y except the benefit from the Kaliwa pumped storage power station.j

'-_Benerlt £rom the water supply s estimated by the water; cost to be pro- -

_;v1ded through 'the" 1east cost alternative CAll the cost and beneflt are
_Vestimated at the price 1eve1 of early 1980

Thus, summing up the progect components,:the most optimum develop-
tfment plan for the. Agos river system'is finally .recommended based on the
iresults of comparison on the expected net return of the each alternat1ve
: and soc1a1 requ1rement 1n due con31deration.

:-5 2 Comparative Study on Single Pro;ect

Summary of the results ‘on the comparative study for slngle progect

:fﬂis presented hereunder. Details of the study are 1nc1uded in Appendlx
DL ; R _

'_lll; Refer to Section 6 4 of Interim Report and Paxagraph 6 ll of ths
' : report : e Lo U L : :



5 2 1 Agos Hydropower Progect

o For the comparative study, four cases of a high water level of the
_Agos reservoir are studied’-namel 'y “EL. 175 my 165 m, . 155 m and 145 mw,
Baged ‘on the high water 1evel 1ayou_;p1an of the dan and appurtenant
:structures and the ‘power station with® dlfferent inqtalled ‘capacity are
prepared for each scale, “The 1nstalled capac1ty ‘and average annual
-power generatlon corresponding to itslﬂ@ﬂawater ]evel .are shown below.

HWL—of‘Agos'_‘ L UTRL U AGR1TSAG-165  AG-155  AG-145

Plan A 2 and A 3

Installed Capacity (MW) S as2. 1400 1280 116
.'Average Annual Power : ‘l* : o - .:ﬂ:.—. SRR - :.:_'_
Generation (GWh) :=".ﬁ';f~, 486.6 "450.5 4}3.5.' ff376r9.
‘fPlan A— . ol __; N _ ,h__wl S B
fInstalled Capacity (MW) 20000 1850 170 0 15507

' Average’ ‘Annual Power ; SR e _ L
‘Generation (GWh) - . ... 739.00 . 682.9 626.9 . 572.3

_ Construct1on COSt for each dlfferent scale of the Agos hydropower
.pr03ect is estimated together with' the operation ‘and maintenance cost
“on. the" ba51s of the prellmlnary de51gn.n Required constructlon perlod
is assumed ‘to: be G years from 1983 to 1988 :

The expected beneflt from the power generat1on is: also calculated

-f'assumlng ‘that, ‘in.plans A-2 and 'A-3, - the Kaliwa and the Kanan water”

supply " proJects w1ll be- completed by 1986 and 1993 respect1vely and
the’ surplus water until the Full. utilization will be used for the power
generatlon at the Agos powerplant (in plan A 2 and A 3)

: For the comparlson, present worth of the costs and benef1t for each

' scale ds estimated in the year 0f 1989 :0m “the condition of the discount

.hrate of 10 percent. ‘Net present worth ‘and beneflt cost ratio are cal-
culated as shown in the next page- ' o -



?resent WOrtH Net-Benefitland'Blcfu.F

CUHWL of Rgos- . AG-175 - AG-165 - AG=155  AG-145

B C GO USH . 6183 ¢ 65.87 6418 046
B/C SRR s il 125 1.1
Bic (xwf’ US$) 150062 15418 145.66 . 129.7.

B/C FE : Clu44 1,510 1053 LLSL

‘Agos progecL is Lo be: determined within: the framework of the whole Agos
Lo river system because the selectlon ©of the hlgh water level of ‘the Agos ;
__1affects the other’ project component such as Kanan hydropower pro;ect
J,and Kallwa pumped storage power prOJect.

35 2 Zu Kanan HydropOwer Progect (Kanan No 1 Dam)

i In order to select the optlmum scale of the Kanan hydropower pro—
':iJECt ‘the. comparatlve ‘study was’ done:oni12: alternatlve plans ;eonsisting
of; three cases ‘of different high wate level: with" 4 cases of different
. tallwater level whlch depends on the:hlgh Water level of the Agos dam
fBaslc plan for the dam and appurtenant structures s formulated for. "

. .each. d1fferent scale of the Pproject as well as the layout ‘plan for- the
'tpower station with: different 1nsta11ed capac1ty. “The installed: capac1ty
"”and the_annual average power generation correspond:ng to- the high water o
B and ta'l=water level are shown in the next page.,

‘Constructlon cost for dlfferent scale of the Kanan progect are
'ated together w1t 'the operatlon ‘and malntenance cost on: the

of the. preliminary designs and by partly using: the establlshed

:, ~and graphs.ae_, ;assumed ‘that - the construct1on ‘of ‘the Kanai
_7hydropower starts from: 1989 and completes in 1993. The project benefit:
- expected from ‘the power generation is also calculated £or each . dlfferent
'-_scale of the prOJect. S e




S HWL \LTWEZ'_l _:'fih'-_';_~"-Aé?l?sﬂ”;.jAG:lbbﬁ"V'fAG+1551jf AG-145

. __HWL 300 m"

'-zixnsta11ed Capacity (Mw)s- Co188 . o 149 158 . 168
‘Average Annual Power__ R  '1{ L f?’j“j”u.f'. 'ik. H; -j@ﬂc_ .
| Generation (CWh) =f::~'-_ - 412060 439120 466.9° +  500.8 .

'HWL 290'm_3.:~;=: e e
-_Installed Capac1ty (Mw)[ C127 0 7138;{ :ATH”147n'j C 157

Average Annyal Power o T i oM
_Generatlon (GWh) .r'uﬂﬁ_“f;__"“380.7f . 413,50 435.8 7 463.8-
.”'kﬁﬂngﬂljﬂ ‘fr i:~fi} A ..__.__ _ _r} :; PO ST _
Installed: Capacity (MW)isrb. Caas. o a27e e 135 14k

: Average ‘Annual Power . . T R L P S
'rGenerat1on (GWh) S . 349.0 0 383,00 CA04.50 0 4327

_ : Present worth of the coats and beneflt for each scale is. calculated
at - the ‘Year, ‘of ‘1994 using the ‘discount rate of 10 percent. :Net present -
worth and beneflt cost ratlo are: calculated as summarlzed below.E

1:ErPreééﬁ£TNétlWOffh_éndfﬁfCﬁc

HWL‘\\; ' TWL fff:ff75=chG¥i?3"f:’ 5. AGR145

ETB Sg (x106 US$) RV VO 10371 1110340 127091

047300 ‘_B/G-,_“.qr' L Lse LAk 1S 150

iy ;;;_’B g (x106 Us$)
KN—ZQO_'”'B/C

Cow T 6
- B-C (xlO US$)
-.KSTZSO_aE:B/C B

‘:355105 27':ff110§??’:.5125 46,

i ::&1 §Oi;;“{i_c;.c.f 1. 55?:'
10265 106,87 120.18

.'1455:¥”j9:1553:?.:: 1;58

HWL'.
:fTwa

18 ' S BLLhENES , LhHEt
-hydropower proJect is KN-BOO'Wl . ‘tai ¢ flevel of

T U145 W, But, the final seélection’ for the'optlmum Kanan progect is to. be

made. in’ relatlon to the Agos project and within the whole Agos river
system.;;--r - _

w ptimum scale of j:*



5 2. 3 Kallwa Pumped Storage PKOJELt

The Agos rese1v01r and Kallwa reservoir can be connected w1th water=
way. .The length of waterway is about 4 .km.  In this plan, required water
“ for Metro Manila will be: pumped up from the Agos reservoir to the.Kaliwa
. reservoir using the watelway Peak power generatlon may be also planned
~in addition to ‘the water supply

Tor the'selectlon'of the optimum scale of the Kaliwa pumped storage -

project ‘for-water supply to Metro Manila, two different capac1t1es of

the  pump (250 MW and 100 MW) are compared. Since the tail water level

_of the pumped storage prOJect changes depending on the hlgh water level

~ of.-the Agos dam, comparison is ‘made on four different tail water levels.
deoth for the 250 MW and 100 MW. In the case of 250 MW capacity, power
generation is also con31dered while only pumping up water ‘to Metro
Manila is considered in the case of 100 MW. capacity, which compensates

.. the same amount: of water with that by the Kanan water supply pro;ect

planned by PICOREM.

Based on' the above condltlons, layout plan for the fac111t1es are.
.prepared for each. dlfferent scale rof: the: prOJECt The ‘water treatment
_fac111t1es and the addit10na1 power plant to be 1nstalled ‘as the second

" stage. development at - Pantdy were already’ planned by PlCOREM, whlch is
~used’ for our comparatlve study.r_. .

_ Construction cost for each dlfferent scale is estlmated together
-Wlth the operation and maintenance costs. ' The energy cost for pumping
up 1is estimated at US$0 0471/kWh Requlred constructlon periocd is
assumed to be 4 years from 1990 to, 1993, The expected benefit is alsoc
“estimated correspondlng to each dlfferent scale, which consists of water
'supply benefit, power benefit at Pantay and” power benefit. from: the
- pumped storage power station (only in case of 250 MW capac1ty) - The
- kW beneflt is. evaluated by the construction cost of gas turbine.

. E For the comparlson all the costs and beneflt are discounted at the
year of 1994 ‘using the dlscount rate of 10 percent. The net present
 worth and benefit cost ratlo ‘are calculated for each dlfferent scale’ as

fsummar1zed 1n the next page.

: . As shwon in' the table, the case ‘of 100 MW glves the hlgher net bene—
fit.. If the benefit is evaluated by the 2nd stage development of the’

Kalayaan pumped - storage. power- progeet[l; the benefit of 250 MW become less.

Thiis,. the Kaliwa pumped storage project is planned to functlon only for

' pumping up the requlred water with: the ‘installed’ capac1ty of 100 MW.

1;_ Kaiayaan P/ progeet is under constructlon and to be completed by
1982. The unit .cost per kw of. the 2nd stage of -the project is.
R estimated at US$46 44/kw



Present Worth' Net Benefit and B/é'

\HHL of Agos - AG=175  AG-165  AG~155 . AG-145"
B - C (x106 Us$) 174.17 - 1722 160.21  128.23
- B/G . 115 - 134 1,13 0 1.10 .
100° MW | o | S
B - ¢ (x10° US$) 250.07  238.71 = 225.41  204.37

Be 1033 0 1.1 1.29 0 1.26

5,2, 4 Kaliwa Water Supply Progect

o The Kallwa pro;ect was planned by PICOREM as multipurpose pro;ect
of water: supply of 22.1 m3/sec to ‘Metro Manila and power . generatlon of
153 GWh annually. ' The Kaliwa water supply ‘project consists of .a denr1
with splllway,_outlet works, a powerhouse and water treatment plant at
Pantay and distribuiton system. The project is planned to be completed
"by 1986, : . o .

..Accdrding to the development plan prepared by PICOREM, the Kaliwa -
damsite was ‘selected at about. 0.5 km downstream of the confluence of
Lenatin and. Limutan rivers, 8 km upstream from’ Daraitan. - The water is
led ‘to the powerplant and water treatment plant at Pantay through a.
tunnel of 13 6 km- long : . .

The ‘total cost is’ estlmated at US dollar 514, 2 mllllon at 1989.
The power benefit at Pantay is modified according to the recent values
as used in thlS report.u Furthermore the power benefit is: deducted in
the early stage of the development because the surplus water is used .
for the pover. generation at the Agos powerplant. The: present worth of
net benefit -and benefit cost ratio at 1989 are estlmated to be US dol-
~lar 235. l mllllon and 1. 46 respectively._

‘5 2 5 Kanan Water Supply Prolgct

Prellmlnary study on the Kanan Water Supply PrOJeet was already
conducted by PLCOREM as the second stage ‘project for.water: supply to
'~Metro Manila, after the development. of the Kaliwa water supply progect.-
The Kanan prOJect was also planned as multipurpose project of water
supply 36.7 m3/sec to Metro Manila and power generation of 245 GWh
annually The project will be completed by 1993.°



Accordlng to the preliminary design, the Kanan ‘dam’ (called Kanan
-~ No.2 damsite) is located at about 1.3 km downbtream of the ‘Kanan No.l
damsite planned by JICA. team. The water 1s diverted to the Kaliwa re--
servoir, the water is led to Pantay water treatment plant where the
powcrplant is also prov1ded. '

. The total cost 1s estlmated at US dollars 888.3 m11110n ‘at 1994

The beneflt is assumed to be US dollars 9540 million by adjusting thc_

power benefit as described in Paragraph 5.2.4.  The present worth of net

-benefit and benefit cost ratlo are assumed to be US dollars 65, 7 million
and 1.07- respectlvely ‘

5.2, 6 Kanan No 5 Hydropower Pr03ect

The prellmlnary plan formulated by. Lahmeyer is to construct a rock

::'flll dam of 164 m in height "and 19.8 million m3 in'volume to have 480 .
. million m3: effect1ve -storage. The vwater will be ‘diverted through a .

headracé “tunnel of about 5.7:km and penstock line to the power station:

‘to:be constructed on the Apos river. T was’ suggested to install 280 MW

_ generatlng capac1ty Based on tlie craoss sectional survey and the study,
‘by JICA team the fill volume of dam and de51gn flood are corrected.:

The cost is computed u51ng the unlt prices derlved for the feasi-
_ bility study of the Agos prOJect. The. project is assumed to be com~-
:pleted by 1988 .

L The power beneflt derived from the progeet cons1st1ng of the kW
ﬂbenefit of 280 'MW (95 percent dependable capac1ty is 264 MW)- and the -
- kWh benefit of 930 3:GWh 15 US dollars 635.3 million discounted to 1989.
" The net present worth benefit and benefit cost ratio are US dollars
- 2060 8 mllllon and 1.48 respectlvely =

5. 3 Select1on of Lhe Optlmum Development Plan_

On the basis.of;the results of the comparatlve study on’ each commp
" ponent. for the development of"the" “Agos Tiver: system, comparison onthe
four combinéd-alternative development plans is made by" calculating - ‘the .
present’ worth -of the total costs and benef1ts. For the calculation of
the present Worth all the costs and beneflts ‘are discounted at’ the -year
of 1989 (January) uslng ‘the discount rate of . 10 percent per year.’ The
caleulation results are: summar1zed in the next page and the detalls are
presented in Table 5 1.. ' ;



' Net Present Worth and B/C for Alternative Plans -

Optlmm HWL . B-¢ . B/C .
Agos ~: Kanan S ﬁ_j'3" e
) m) < (106 Uss) -
Plan A-T 165 290 504:07 - 1.48
- Plan A=2 165 295, 391,17, - T 1.27°
"Plan’A-3 165 - 290 504,85 . 1:33
Plan B . = 260 - S 491,300 147

‘Benefits and Costs are discounted at the year'of 1989 using
discount rate of 10 percent. B

“As shown in the above table, plan A 315 the plan w1th the highest
. het present worthiout of the four alternat1Ve plans ‘although the dif—
' ference is small

Between the two . alternative plans, plan A-2 and A-3, which are °
planned with ‘the aim t¢ provide the requirement .of the water supply to -
Metro:Manila up to. the year of 2009, plan A-3 seems more beneficial than
‘the' ‘plan A-2.; The difference between the 'two plans comes mainly from
 the cost of the Kapan dam and the hydropower benefit of the Kanan project.
In plan A-2, ‘the Kanan No.2 dam selected by PICOREM is con51dered to be
more expensive than the cost of the Kanan No.l dam applied in plan. A-3.
The cost difference is estimated at around US$73.1 million at the present
. value of 1989 and even if the plan A~2 is evaluated by appljing the same
cost with the Kanan No.l dam, the SUperlorlty of the plan A 3 w111 not
_ change. :

Both the plans A-1 and B w1]l be maLerlal1zed only’ when ‘the’ Kanan
water supply project is dlsquallfled or- discarded by some reasons.__g
Then, the Agos hydropower: station will be ableto use all the: dlscharges
of . the river basin excluding that. of upstream of - the Kaliwe dam. - Under
“this ‘situation, plan A-1 is. proved to be more favourable than the plan
B and’ the Agos-Kanan No.l joint hydropower scheme is considered as the
most benef1c1al progect ‘ . : :

Flnal selectlon for the most optlmum development plan of ‘the- Agos-'
river system is to be done mnot only by the economic comparison butialso
by the soeial- aspect. Metro Manila may suffer from the shortage of  the
' water supply in the near, future and the Kaliwa and Kanan rivers are .
considered as ¢he most economical available water sources. In view of
Jthls, the Kanan water supply project will p0951bly be implemented though
it may be delayed :



S Under th1s 31tuation, the Agos hydropower project is: the only pos—
sible’ plan for the’ hydropower development in the remainlng waterghed of
~ the. Agos; r1ver © The Agos ‘project still. maintalns its economic viability
even’ the’ discharge ‘0of the  Kanan is diverted to. Metro Manila water supply.
- The Agos hydropowe1 ‘project is, therefore, selected as the most promis-
sing prOJect among ' other hydropower development plans in the Agos river
- system for which detailed feasibllity study is to be conducted from the
succeedlng chapters :

5 =10



CHAPTER 6

AGOS HYDROPOWER PROJECT

61 :?ian”rérmu1atibn"

. In the preceeding chapter, the most optlmum development plan for the
Agos river 'system:was, formulated, in which' the Agos Hydropower Project .
was proved to be the most beneficial project. The subsequent study from
‘this chapter was concentrated on the selected. Agos Project, Layout
study. of the ma1n ‘structures for the’ Progect was firstly. made, which
includes comparison of several alternatives, . . The most optlmum scale of
the Agos Project was flnally selected through” the. comparatlve study on
the formulated alternative schemes with different dam helghts and dif-~
. ferent installed power capacxties

16 1.1 Layout Study of Main Structures

' Layout study for the Agos PrOJect was made under the follow1ng
basic concepts

1) | Dam axis is to be selected w1th1n one (l) kllometer long of
. the: downstream stretch from the confluence of the Kanan and
‘Kaliwa r1vers in v1ew of geologlcal and topograph1ca1 condltlons;j:

i) Splllway is to be’ planned S0 as . to. decrease 1ts excavatlon'
© volume as much as p0531b1e in cons1deratlon of cosL as well
as the geologlcal and topographlcal condltlons

- 1ii) D1vers1on tunnel routes and thelr capac1ties are- to be deter—
‘ mined in due’ consideration of possibility for utilizing the:
tunnel(s) as a part of a sp1llway or/and a powver . tunnel after
constructlon : : :

(1) Damh'

Prlor to select1ng the dam axis, type of the dam is to. be determlned
by the technlcal and economlc comparison Through the comparat1ve study,
a rockfill type was selected for the Agos dam w1th the follow1ng reasons.

'i):.Rockfill dam is™ the most economlcal type among them 1n due con—
sideration of the - avallable materlals.

ii) CIf concrete dam is: selected total dam volume will be more than
4. m1llion cub1c meters. In. constructing such 1arge dam, d1£f1—
culties for preparatlon of large scaled concrete and aggregate _
plants, for smooth materials supply and for-inland Lransportat1on
of plants’ and equlpment are antlcipated



Cddd) :Compared with flll Lype ddm many difflcult technlcal prob}ems
- are to be cleared for the concrete dam including foundatlon
treatment and dam’ coollng during construction. '

_For determlning the dam ax1s, alLernstlve llnes located with1n one
kilometer in the downstream stretch from the confluence were compared
Geologlcal investlgatlon was .done by seismic exploration and test drill-

Jing. Topographlcal survey work was also made on thls dan area and maps
of 171,000 scale were prepared -

Based on’ the results of 1nvest1gation end survey works, comparative
‘study was made, In view of - ‘thé geological and topographical conditiomns,
dam axis located at about 400 ‘'m downstream from the confluence was final-
1y selected with an allgnment of cr0551ng thé river at a rlght angle

:('2')“ 5911 way "

The spillway 51te was selected on the left abutment from the topo—
graph1c31 view p01nt since the spillway on the rlght bank requ1res huge
amount of excavat1on which cannot be accomodated in the dam embankment.

The center of the spillway: was so designed to coincide with the rlver
'course :

Several types of splllway such as fully gated " splllway, gated splll—
way with side channels, non gated spillivay and. mornlng glory type unti-
lizing diversion tunnels were conceived. Out of these types non gated
spillway was discarded, because it requ1red long splllway crest and
.'h1gher dam- crest. Wlth respect to the morning glory type, the dlscharge
in tunnel should be of free flow. Ihe capacity of mornlng‘glory is
therefore. l1m1ted to the order of only. around 500 /see. “As described
in later, it is 'more attractive. if ‘the dlvereion tunnel is used as’a

part of power tunnel.== Hence, there is no space ‘for mornlng ‘glory.. The
layout” study for spillway was carrled out for the remaining two types,
:fully gated splllway and gated splllway w1th 51de channels._

For comparlson, follow1ng crlterla are’ applled
1) .the de51gn Flood of 10, 600 m3/sec should be dlscharged without
- flood routing and the 'probable maximum flodd of 17,300 m 3/sec

'._be passed w1th the effect of reserv01r retardatlon.': "

ii) the free: hoard ig 3 0 m and 2, l m for deSLgn flood and probeble
. max1mum flood respectlvely..‘ -

The following four alternatlves were con51dered for Lhe comparlson.



Alternative I

The spillway 1s equipped with 10 numbers of 12 5m (H) x 12,0 m (W)
radial pates. This is the original design of spillway used in pre— :
feasibility design : _

'Alternative IL

The spillway is equipped with 6 number of 12.5 m- (H) x 12 0 (W),
_'radial gates and 2 1ines of 100 m long side channels” at both 51des.'

Alternative III

: The splllway is equlpped with ) numbers of 12.5m () x 12 0 m (W)
'tadial gates and 2 lines of 185 m long side channels at both 31des

“Alternative IV

_ The sﬁlilway 1s.equ1p§ed with 4 numbers of 14.5'm (H) x 14.0 m (W)
radial gates and 2 lines of 210 m long slde channels at both SldES..

Cost comparlson was made for the alternatlves ‘as shown below.

Construction Cost of Dam and Sb111W5Yh'

(m11110n us.- dollars)

Alternatlve Plans

B SRS S IIT v
Dam' © 108.81  113.25 111.46 - - 111.73
Splllway (c1v11) S U559 6,51 7.56 - b7
HT (metal) 408 245 245 2.4

CTotal . .119.48 12221 - 121,47 120.92

The least cost plan isg the alternatlve I. AmOng the alternatlves
with non—gated side channels, the least cost alternative is the alter—
' native Iv. . For the’ selectlon of the’ optlmum splllway, safety under the
crltical conditlon is to be: considered .Under-the assumption that 'all
gates do not open for some reasons, the expected levels of the reservoir -
water surface were computed for the flood of 200 years return period. _
This' computatlon 1nd1cates that the flood water can be dlscharged w1thout
overtopplng the dam ‘crest in case of alternative.lV, while the water-
surfdce level exceeds the dam crest and dam w111 be damaged in case of
alternatlve 1. :



© i Since the cost diffetence between'the two elternatiﬁesjis:ﬁé$1.4'
‘million or ‘about" 0.6 pelcent to the total cost, the'alternativetlv was
 f1na1ly selected for. the safety.\ : < e

(S)IADiver31on Tunnels and Maln Coffetdemf

The de51gn flood for dlver31on works is . determined to be 30 years;g
flood of 15,210 m3/sec. (Refer to Appendix ‘E). TFor the constructlon,
‘only the tunnel method, is appllcable to ‘the diversion works Judglng from
conultlons of topoglaphy, geology and in view of the large scale of . the
dam. Moreover, two lane tunuels will be required against the-aforesaid
flood of 5,210 m- /sec because one lané tunnel shall be deslgned to have

a blg dlameter over 12w, whlch Wlll be more costly and not effectlve.

_ The dlameter of diversion tunnels is the functlon of a maln coffer—
dam height for the design flood. For selectlng the optdmum scale :of -the
diversion tumnnels, cost comparlson was made for different diameter of
the tunnel ranging from 8.0 to 12.0m taking into aecount :the cost of
cofferdam and diversion gate. The results of the comparlson indicates

“ that the- most economlcal diameter is 9 m with the cofferdam crest of
EL.93 m. .. .

Construction Cost of Diversion Works

(mllllon us dollars)

Tonnel Diameter . 8m. 9m  10m  llm 12w
Diversion tunmels =~ 9.67 11.83  14.36 17.32 - 20.55
- Diversion gates. ..0.18 - 0.21 0.27... 0.36°. . 0,48 .

. Cofferdam - . 13,17 - 10.58 .- 8.38 . 6.93  5.42
| Total cost . . 23.02 22.62%  23.01 24.61 " 26.45

After select1ng the 0pt1mum 31ze of the d1ver31on tunnels, the
_”route of ‘the tumméls was studied. together w1th a waterway:route.
sAlthough the waterway route.is: planned 1ndependently from the diver—
“sion . tuhnel in the pre- fea51b111ty study’ (the - Optimldathﬂ study on
- the. Agos rlver systen), poss1b111ty to utlllze the diversion, tunnels
as a part of the waterway was also cons1dered in th1s study. .

: From the comparative:study on the varlous alternatlve schemes,
-the plan .of* constructing the’ d1vers1on tunnels -at each bank, one of "
“which will be used for the power waterway was selected 10 due consid—f
'eratlon of the geology, the cost, problems during constructlon and U
operatlonal problem of the ‘diversion tunnels._ (Details of the compa—'
rison are presented in Appendlx E) g C



‘ (4) Afterbay Welr

In the pre feasibility ‘stage, the afterbay weir was designed to
generate energy of around 78 GWh by 30 MW installed capacity to harness
~‘the remaining head ag well as; the regulation function of discharge re-
© leased from the Agos- powerplant However, as the field investigation

proceeds, it has beeén tevealed that ‘the’ foundation rock at the weir
site is 40 to 50 m deep from the river. bed 'S0 the’ plan of constructlng
a high dam equipped with a powerplant was abandoned o

e Judging from the population and: the habit of | the people near—by the 5
river, the necessity of the re—regulating function of discharge released -
from the Agos powerplant may. be very little because of the follow1ng
reasons: S _

a) As the 1nstalled capac1ty of Agos powerplant ig” 140 MW the
: =plant w1ll be’ operated £O0r more than 12 'hrsa day on average‘..,
'before Kanan water supply progect is developed

b)-‘Accordlng to the computation results of- unsteady flow: of sudden
' 'sw1tch in, ‘the fluctuation of water surface is"1.05'm (EL 6 52-m
to EL.7.57 m). and the rate ‘of rising 1% 5 cin per mlnute at
Banugao Furtheimore, it takes about: two and a half hours for
" - the released discharge ‘to reach Banugao. ‘There is an ample time
"to prepare the change An. alarm system will help thlS purpose.

c)-'There are two 1rrigation intakes supplying water for: around
© 71,450 ha 1nc1ud1ng the “area of 200 ha to be extended in' future.
- According to 26 year discharge records at Banugao ‘the second-
“driest monthly discharge is 15.52 m3/sec, -As ‘the remainlng
‘area’ downstream of ‘the Agos dam is 44 kmz, the discharge of
_0 75 m3/sec is anticipated

_ Although above flndings ‘are to be checked in the detalled de31gn
3 stage, the afterbay weir, might be excluded in the work

6 1 2 Selectlon of the Optlmnm Scheme

_ Detailed study for determining the optimum scale of the Agos Hydro—
power was conducted on the basis of the results of the layout study and
‘the reservoilr, operation study ‘For.’ the study, four schemes with dif-
ferent highwaterlevels of the reservoir, namely, EL. 17) m, EL. 165 m,'
EL 155 m and EL. 145 ‘m were examlned :

The 1nstalled capac1ty of the power statlon is’ generally determlned
as the function of the’ reservoir. capacity and the: ‘available. head.. Assum—
ing" ‘that ‘the” requlred plant factor for-the Agos is around 33 percent (or
8 hours operation per day) on an average for 50 years’ progect life, the.
~installed. capacity for each alternative scheme was decided, Main dif=-

- ferent features ‘of the four schemes are summarlzed in the follow1ng table.
(Detalled of the altelnative ‘shcemes are presented in Table 6*1)



_Aitetﬁatdve'schemea

AG-175 . AG-165 | AG-155 . AG-145 .

'.;Reservoir HWL (m) f:f'._ ' :2175.0 3165;0.i'\‘155.0 : _iéS{d

' Dam Crest: Elevation’ (m) ©182.07. 172.0 - 162.0  152.0

" Dam Volume (106m3) e '.J , 201 :.- 16.8 13;95' 1174

Installed Capacity (Mw) 1Sz - 140 ¢ o128 0 116
:Generated Energy/1 (GWh) h:- 677 625 : ‘ 5?22-:d _J§21

Zi‘ Generated ‘energy in 1994, when all’ the water of the Kaliwa.
g resetvolr is used for water supply to Metro Manila:. _

_ For selecting the optlmum scheme,-cost and beneflt for each alter-

native were calculated.; Constructlon cost, and’ operatlon and mainte-

nance costs were cestimated ‘at:the ‘price, 1evel of ‘early 1980 ‘using the

same criteria as. explained in: the succeedlng Sectlon 6.4 Project

. Costs. Summary of the ‘costs for gach alternatlve gcheme is presented
in Table 6-2. Power beneflt was also’ estlmated us1ng the ‘same values

" as applied in Chapter 7 Economie Analy31s, ‘which were calculated on

the basis of the cost for the ‘least cost. alternatlve thermal plant

fFor the comparlson, all cost .and benefit were dlSCOunted at ‘the

beglnnlng of 1980° prlce ‘assuming that  the .economic project 1ife {s 50

years and the. discount rate is 10 percent, . Net benefit and beneflt cost

.ratlo for each scheme were calculated ‘as presented below.

Ll (million US dollars)
AG-175 ~ AG<165 © AGH155 - AG4145

Present Worth of Benefit ' 381.56  351.66 ~ 321.83  292.12

Present Worth of Cost -  319.12 - 284.86 = 257.05 . 241.87
Nét: Benefit (B - C) ST 62064 66,80 64.78 .-50.25

-‘_B/C Ratlod':; S e 1,20’ Coil.23 0 1.25 21

From this, the scheme hav1ng the max1mum net benefit was selected
w-as the optimum scheme, Whlch is the scheme with .the high water level of

- 165 m: and the 1nsta11ed power of 140 MW. (Detalls of the sélection for

'the optlmum scheme are presented in Appendix D, Optlmizaiton Study)



S 6.2 Project Works'

The Pr03ect is composed of the Agos dam of 172 m in height, splll—
way,’ diversion works, ‘pover. tunnel ,. powerhouse with. generating equipment
of 140 MW: installed capac1ty,'and 230 kv transmission line of about 43
km long: including21substation at Malaya to connect with the truck 11ne

around Metro Manila.. The general layout ‘of the proposed faciiitles is;
shown on. Dwg 6 N

.6 2 1 Dlversion Works

Diver31on facjlities consist of a system of two concrete 11ned _
'leerSlOn tunnels with upstream ‘and downstream cofferdams which are
des1gned to- be the parts of the main, dam embankment . The diversion
‘works are planned to discharge flood of 5 210 m3/sec (30 years flood)

‘The 1ayout “and” detalls ‘of the two diversion’ tunnels finally se-
_lected are  shown on Dwg 6 and 7. The ‘tunnel No.l located at the left
bank is of 9'm diameter c1rcu1ar section with 816 ‘m in 1ength The
sill: elevation ‘of. inlet is set’ at ELI4S and’ -about 3 m above river bed
‘so'as to be utilizéd as ‘an: access tuhnel’ during construction and to make
installation of penstock line cas1sr The -gi11 elevation of ontlet is -
set-at EL.40 m- to colnc1de with the river bed elevatlon The middle
portion of the tunnel is planned to be used Ior power ‘waterway. The

‘tunnel No.2Z located at rlght bank is. of 9 m diametet ctrcular sectlon'
with' 817 m 1n 1ength. . -

“The crest elevatlon of the' upstream cofferdam is set at EL 93 m.;
Judging from the large ‘and deep excavation for- main dam foundatlon, an
imperviogus material facing was - selected to milnimize, the seepage water
. thorugh foundation beneath the upstream cofferdam ‘and  to lower the
hydraulic gradient of seepage water. _In. addition, a number of dewater—
ing. ‘wells will be prov1ded into: river alluV1al dep031t adgacent to. the
slope ends. of cofferdams. Thé: upstrcam ‘¢offerdam” consists ‘of ‘three
zones, namely, 1mperv10us, filter and ‘rock. The crest w1dth of upstream.
cofferdam is '8 meters and the cofferdam has the slope of “one’ “to three
(1: 3) for upstream side and one to two (l 2) for: downstream Slde.:_

The downstream cofferdam con51sts of two zones, Zone T is of clay
‘fcore and 7one I1 is of river alluvial dep031t " The’ crest width of down-~
stream cofferdam is 6 meters and the’ cofferdam has. the same’ slope of
one»to three (1 3) for both upstream and downstream sides. g

‘ Since the cofferdams w111 be incorporated into the main dam par-

' ticulary a palt of the downstream cofferdam is used for switch yard

' ground the cofferdams are to be pleced and compacted in the same me thod
for the maln dam ' :



g 6,2}2'-Dam and Reservoir

' f The proposed Agos dam51te 1s located on the Agos river just dowin-
“stream of the. confluence of the Kanan and Kallwa rivers._ The. Agos

‘.wreserv011 has-a gross storage capac1ty of 955 mllllon CUblC meters of .

‘which effectlve storage capacity, is 570 million cubic meters. High
water level is set at EL.165 m ‘and low’ water level at EL.128 m with the

- “drawdown of 37 m. The area’.of the Agos Teservoir is around 2l|5 km? at .
'HWLl&Sm : o S

The plan of the Agos dam is shown in Dwg 6 The dam.is des1gned
-.as a zoned rockfill dam w1th a center ‘core’ zone.h The slope of “center.
'oore zone’ is ‘one in- vertlcal to p01nt two in horlzontal (1:0.2) for up-
_‘stream and one in vertlcal to. point one in horlzontal (1 0:1) “for, “down-—
‘stream.. The w1dth ‘of the crest is 12 m. The thickness of ‘the core is
'-planned to-be more ‘than, 30 percent of wate1 head at any helght ‘Ma-—.
‘~ter1als used for the core will be mlxed 511ty clay ‘with weathered ‘rock
“to obtaln the: sufflclent strength for hlgh dam. . One 1ayer of ‘the . fllter
. zone is prov1ded on both upstream “and’ downstream ‘sides. Most of the
Cfilter materiadl is. taken from the r1ver alluv1al dep031t downstream of
',"dam31te and from dam foundatlon excavatlon.

Excavated rock produced mainly from the splllway excavatlon and
.'quarry w111 ‘beiused for the shell zone._ “The . slope of the shell zone
is one in vertical to two p01nt ‘five in. horlzontal (1: 2. 5) for upstream

T gide and one-in: vert1cal to one p01nt nlne in horizontal {(1:1.9) for
downstream slde ' . >

For determlnlng the freeboard requ1rements, the follow1ng two eri-
laterla are compared : : o :
E:i): Design flood can be fully dlscharged w1thout taklng aecount
RN 5 rese1v01r retardation effect

”:_J:ii) 'Probable maximum flood can be dlscharged with the reserv01r
Lo retardatlon effect ' -

e In case - 1), the freeboard is computed at 3 m whieh cons1sts of
‘5wave helght of 1.1 m,'an -gllowance of 0.5 m for the gates, an_‘allowance .
~of 1.0 m for filltype dam and crest. pavement of 0.4 m. In case ii),
the. freeboard is computed dt 2.1 m which consists of wave helght and.
the allowance for the’ fllltype ‘dam., The hlgher value of 3 m is adopted
g resulting in the crest elevation to be at EL. 172 m.

o ’V‘Fo "undatlon of the core and fllter zones, 1ts excavatlon
'llne 1s‘determined at the fresh roek surface._ ‘A1l top soil is strlpped

"='to the depth ranging from 2 to 5'm for -shell zones at’ both the abut-’

‘ménts’ : Furthermore, rock embankment £dr the: shell zone ‘is to' be done
~on the river alluvial deposit at the river bottom without any excavation.
Except for the concrete replacement of faults, the foundatlon treatment



. will be performed by cement grouting CurLain grout ho]es are pre-
- pared at 2 m intervals in two limes. TFor consolidation and blanket..
.groutlngs which solldify the foundation surface and prevent pressured
cwater. £rom oassing throunh cracks and -between the base and’ impervious
earth:.core, required dépth will be 5 m for solid fresh vock. Con-
-celvable Anterval of the grout. holes 1.3 m. For the pnrpose of. the
curtain grouting ‘and 1nspect10n after 1mpound1ng water - grout1ng
gallery w111 be prov1ded beneath the, ,core. . :
_ Slope stabllity of the dam is checked by, Sllp circle method-Ll
As shown in the table below, the minimum safety factors of ‘'slopes are
more than 1.5 under the normal’ condltlon and more:than: 1.2 with
_earthquake congldered. The corresponding crltical g1lip circles are
illustrated in Fig.6-1.

i Mininum_?aCtorslof Sefety

“Siope.p ‘ Mln. Factors of Safety

Case Condition | Applie'd TWithout - With
: ‘ ' ' Earthquake Earthquake

1 HIW.L,'(ELﬁIGS?m) .p' I Upstream I '2;6@_' 1.20

N ' ’ _Downstream ©o1s o L.23

2 Immediately after _  ' . Upstream . 2.59 1.97

Completlon f' _ Downstream 077 LuAS.

3 Rapld Drawdown _ ':,_ ._Upstresm _ _ 2.28 ~ 1.54

: 4 .E.Max Water Level (168 m) "~:_UpStreem - 2.65 gy 1.68

6. 2 3 Spillwax

" The splllway 31te is planned on the’ left abutment from the topogra—
phical p01nt of view. Plan & profile of the selected splllway are shown
in Dwg . 9 .

"; The spillway has ‘a capa01ty to, dlscharge the des1gn flood of 10 600
m /sec w1thout -any’ retardlng effect ‘of the reserv01r (1nflow ig equal
to: outflow) ‘In addition, the: probable maximum £lood of 17, 500 m3, /sec
can be discharged w1thout endengerlng the dem when the retardlng effect”
is taken 1nt0 account .

S Accordlng to,"De51gn Crlteria for Dams" by Japanese National
Commlttee on - Large Dams .



The crest elevation of the gated porrion ie get at EL. 154 m. . Four
numbers of radial gates of 14 by 14.5 m are pr0v1ded. Side channel
spillways of" 2 lanes ‘with eaeh 210w in length are’ arranged symmetrlcally
‘on both the sides:  The crest e1evat1on of the side spillway is EL:i165 m.

o'The water Wlll be led to ehureway whose profile is level in the upper .

‘portlon of-110.5 m. and.l in vertiecal to -3.71 in horizontal in the lower
. portion.- Mostpart of ‘chuteway will be founded on fresh rock. ~The
'helght of wall 1s d951gned agalnet “the de51gn flood water surface where
- an“allowance. for air 1ucurs1on is added. Furthermore, the freeboard of
2 m is taken in the deslgn ‘of the whole chuteway wall. The chuteway is
terminated at a f£lip bucket ‘at EL.57:.5 m with an angle of 20 degrees.
~ The dlscharge released from splllway ig returned to the Agos river
' thlough a plunge pool where . energy s dlssipated

In the detalled design stage, hydraullc model test shall be con-,
ducted to.check and confirm the' function . to the satlsfactory The: fol-
lowing. data and aspect are .also to be fully taken into account for the '
_flnal de91gn :

1) Add1t10nal data for meteorology and hydrology to be obtalned
by continuoue observatlon of ralnfall and water levels.

.fiiﬁ’fIf the upstream prOJects such as the Kanan and the Kaliwa are
'quallfled to implement, there is the -effect of two reservoirs
to the flood lag time and reservoir retardatlon for the design
flood.

-6.2.4 -PoWef Tuﬁnelﬁ'

_ Power tunnel Land powerhouse are planned to be eonstructed at the
left bank. The 1ayout of the waterway ig' 1ntended to utilize some part
of the diversion tunnel as much as p0531b1e.. The power. tunnel consists
_with 6.8 to 9.0 m dlameter and penstock line of 350 m in length w1th
6. 1 m dlameter.

The max1mum dlscharge is: 162 8 m3/sec at the reservoir rated ‘water

"'1eVé1 EL.146.5 m. The net head available at rated water level is 105 m.

‘Total loss head at the’ max1mum dlscharge is calculated at 3 M about 2
'percent of ' the net head ' L

SIS The 1ntake tower is a relnforced concrete strueture,_and has a
-,serv1ce deck at EL.172 m,.a holist’ deck at EL 180 ‘m and a control shaft
cin, which the: 1ntake gate is aocommodated The foundatlon conerete is
L utilized ag the inlet sill having a bellmouth entranee and - trans1tion
‘section for intake ‘gate. - The 'gi1l elevation is at EL.114 m allow1ng
14 n.depth from the low water level preventing air intrusion into tun-
nel. - ’ B . o - \ . :

6~ 10"



Total length of the- headrace Lunnel is 225 8 m lncluding Lhe JAnlet’.
'portion. From . the lower end of: the inlet structure, he discharged
water will be led ‘into an inclined. tunnel and-then a horizontal ‘tuntel.
The length of the:- diversion tunnel to’ be utilized as-a part of headrace
tunnel is 80.m. _The tunnel is jointed to the diverSion tunnel with the
trans1tion of gradual expansion from 6.8.m to 9 m. ‘The headrace tunnel

is terminated in front of the plug portion with the prov1s1on of the'
trans1tion part. : :

The penstock 1ine is divided 1nto two parts. For the upper portion
“of 256 m, ‘the: penstock steel pipe will be 1nstalled in- ‘the diversion L
_tunnel while for the. lower portion ‘of 94 m;’ the pipe is embedded in the
“tunnel. -The penstock is bifurcated in front of powerhouse then led to
inlet valve and turbine ‘Diameter of the penstock will be 6.1 m. Maxi-
mum pressure rise is calculated at ‘34 percent of the static water head at
high water 1evel setting that the c1051ng time of the valve is 7 seconds

'6.2.5 Powerhouse-and Tailrace

The powerhouse and tailrace are planned to be located at the down~
stream toe of the dam between the spillway and the downstream cofferdam.
The location of the powerhouse is selected ‘to- keep the suffieient dis-
tance from the lowermost part of diver51on tunnel No 1.

(1) ClVll Works S

The powerhouse is planned to be semi- underground type w1th dimen—
sions of 30-m in width by 56 m-in:YTength and the maximum height of .39 m,
accommodating two units. of . turbine -and generator and other. anc111ary
equipment .such as inlet valves,’ tailrace gates, and overhead crane.
Level “of cas1ng centerof turbine is set at ELI38 m which is 3. 6 m lower:
than the water level ‘at the tailrace at. the maximum discharge " Most of
the generating equ1pment is planned to be 1nstalled below EL. 51 m.

The discharge from draft tube culvert w111 be returned to the Agos
river through the tailraee channel The tailrace channel is de51gned
‘to make the ‘head loss as small as pOSSlble The tailrace walls are .

: hightened to’ minimize the fluctuation of water- surface transmitted from

the plunge pool during spillage. The effect of the ‘discharge released

from the f1ip ‘end to the tailrace shall also be examined by model test
during the detailed design stage

(2) Architectural WOrk

Architectural work of the Agos pro;ect c0n51sts of mainly power-.
house superstructure, appurtenant buildings of the power gtation and
dam observatory house at dam crest. . The architectural works include

all works of structure, _rchitecture, utilities and gardening, gate and
“fence.. : : B : ’
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6. 2 6 Power Geneiatlng Equipment and Transmlssion Line

The generating equipment comprises the unlt system of two units of
turbine generators and transformers.f The tutbine will be of vertical
‘shaft Francis type with rated output ‘6f 72,000 kW under the Lffective
net head of 102 w and’ thé maximum discharge of 163 m3/sec and the speed
"of 225 revolution per mimite. :

_ The generater will be of vertleal :shaft sem1~umbrella type synchro—

. nous’generator and of, revolv1ng field type with static excitation sys-
tem. - “The rated capacity is 78, 000 kVA at 0.9 lagging power factor.

. The oontrol system for each unit w111 be of one-man: control type w1th

- a master contro]ler and necessary protective dev1ce.

S The main - transformer w111 be of, forced oil circulation with coollng :
fan, oetdoor use type with the rated capac1ty of 78,000 kVA and the
~rated voltage of 13. 8 kV/230 kV.

_ - The -outdoor.’ switch yard- Wlll be pr0v1ded on’ the land between the
“main dam and the downstream cofferdam. The arrangement of the sw1tch
‘vard is. ring bus system, connecting two units of 70,000 kW generators
“and double circuits of 230 KV, transmission line to the Malaya thérmal : .
-power station with about 43 km ‘distatice from the Agos power station.

At Malaya power station site, - reallgnment of the southern transmission
line: will be required ‘to avoid cr0551ng with the Agos line. “For the
local power supply, one Lransformer of 5,000 kva with rating ‘voltage’
13. 8 kV/63 'kV is- prov1ded “BUt, oonstructlon works of the 69 kv -
transmission llne is not 1ncluded in the Progect.

6 2 7 Hydromechanical Eqnipment

: Four sets of radial type spillway gates w1ll be. prov1ded in the
‘-splllway crest. _The width and ‘heéight of the gates are 14 mand 14.5m

-respect]vely.‘ The gates will have the radius of 18,0 m from ‘the trun-
nion ‘pin center to the inside ‘of skin plate. The anchorages are de51gned
‘of -the prestressed steel cable type .One! complete set of: stoplog com=~
ﬂp1131ng ‘of ‘five leaves of 1. 0 “m height for the upper portlon and  four
‘sets:of the guide frames are to be pr0v1ded for serv1c1ng to the spill-
way gates.‘ ' :

SlX lanes of vertical fixed type trash racks, each comprising of
eight panels, and a flat type bulkhead’ gate will be provided on the -
intake . tower. One set of fixed wheel t%pe gate of 5.4 m: by 6.8 mis
to be provided in the intake tower . The intake gate will be used" for

-~ normal ‘closing and openlng,_for emergency shutoff and for fllling water
into the heedraee ‘tunnel. ‘
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- One’ 1ane of steel penstock with 6 1 to 3 1 m diameter and around
340 m in length will be provided. The beginning and end portion of - the
‘penstock will be ‘encased by reinforcement concrete and remaining. portion
‘of penstock be supported by shoe. type ring girders at interval of 12 m.
“Two sets:of slide type tailrace gates of :4.0.m by. 5 0 and four sets. .
of :their gulde frames are - to be provided in the ‘tailrace. The- tailrace
‘gates will be used to close one ! turbine draft tube for 1nspectlon.
and ma1ntenance purposes. Two gsets of Sllde type diversion gates of -
4.5 m by 9.0 m will be prov1ded in the 1ntake of diversion’ tunnel
No 2. :

6.3_ Construction Schedule and Plan

6.3.1 Constructlon Schedule

) The construction of the prOJect works for the Agos Hydropower Pro_
ject is planned to be completed by the end of 1988, In order to achieve
this target the following 1mp1ementatlon schedule is planned

Englneerlng serv1ce :. October 1981 —-December‘1§88
Tender cell and contract ' oo "April 1982 - January 1983
Commencement of construction . :  February 1983

Commencement of commercial L
operation of generating equlpment January 1989

Durlng the tender works, ‘a. contract for the dlversron tunnels and
cofferdams shall be concluded so0 'as to start- the constructlon work in.

the early part of 1983 con51dering that the ma‘in dam works be commenced
in the middle of 1984,

Overall 1mp1ementat10n of the Agos PrOJect is presented in Flg 6 2.

"6.3.2 Mode of Constructlon

All the progect works are- assumed to be executed by selected inter-
national andf/or local contractors. Some contractors, for special works:
are to be'. selected by selective- tender or direct order in view of limlted
time schedule. ' The following are modes of constructlon for the project
works., : : :
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. Wotk itemr

Preparatory work. -

-Diversion tunnels

& cofferdams

Main civil works

. Generating equipment

‘Transmission line

'Metal.worké

-Englneerlng
: serv1ces"'

Conteﬁts o

kAccess road . -
_temporary building,

water & power supply

'_System etc.,

Dlversion tUHuel'Nos,

1 and 2, and upper
- and dovnstream

cofférs-

Main dam, splllway,

' power tunnel, and

powerhouse

Turbines, generators,‘
- :draft tubes, overhead
.. crane, switchyard

equlpment and others

Transm15581on line

and sub-station

' Sﬁillﬁuyugates and

stop- 1ogs, intake

‘gates and trash—
- rack,. tailrace gates
‘and ‘gantry crane,

dlyer31on gqtes,'
and penstock

_;Detélied'design"'
Jand construction

superv1sion

"6 3 3 Constructlon Plan and Method

(1) Dlversion Tunnels and Cofferdams

cofferdams are described as follows.

Mbde‘of'Construction

‘Local tender

. International

selective tender

_Intelnatlonal open

tender

ulﬁtérnational'Open

tender..

International open

”tender

International open
tender

Direct order

B351c plans for the construction of the dlver310n tunnels and

a) 'Constructlon of the dlver510n tunnel No l is planned to be

started ‘from January,.1983 and to be completed by the dry.
‘'season of. April 1984, when the river dlver31on is to be exe-~

cuted
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b) Conatruction period of the dlversion tunnel No. 2 ie 17 months
© from April 1983 till August, 1984 just before the flood Season
‘starting.

T e) The main- cofferdam embankment is: planned to be performed for
;approximately 6 months from March’ 1984, The river diversion
from the orlglnal tiver course to the diversion tunnel No.1..

" is planned to be done inm May 1984 when ‘the tunnel No,1 be com—
pleted. ' The’ embankment of the cofferdam is to be- completed by'
_Lhe end of September 1984 when the tunnel No 2 is. completed.

d)';The tunnel No.l is planned to be closed in Aprll 1987 and the
' installation works for the penstocks to be started from May 'in -
that year ‘For the tunnel No.1: closure, the main dam 1s to. '
be embanked up. to, EL.110 't by the end of: August 1987,550 that
floods less than 5,210 m3/sec can be’ discharged only through
~the tunnel No,2. Impound1ng of the reeervoir will be com-
menced after the tufmel No.2 closire in May, '1988. - Most of
‘the dam works including the spillway works ‘are to.be completed
by the -end of the dry season 1988 for the flnal closure of - the
'd1ver31on tunnel No. 2 :

A top headlng and bench cut method is: recommended LO be applied '
- for the tunnel excavatlon. The tunnel excavation in. the top heading
will be done from both end 51des (1nlet and outlet 31des) To save
the cost of ‘the main: ‘construciton equipment such as” crawlers mounted _
drill jumbo and sliding forms for concrete 11n1ng, a tunnel construction
plan is to be- carefully made._ In view of this, commencement of the
tunnel ‘excavation of No.2 is planned tolnedelayed by 3 'months from that
of the: tunnel No . S o

The cofferdam of about 1,600, OOO m3‘1s‘plannednto be'embanked'dnr—
“ing 6 months in ‘the’ dry season.’ The expected work volume per month
“for the cofferdam is approx1mate1y 50 percent of that for the maln
dam :

(2) Main ﬁam B

© - All: the main dam’worke-are‘schedblEd to'be carried out for about 5
years from the early part .of 1984. . The main works for the_dam consists
"of . excavation of 2,844,000 m3, embankment of ‘15,418, 000 m3, 1nspect10n
gallery of 1,100 m long and groutlng of 60, 000 o long in total. " From
the exlstlng rainfall data, workable daye for embankment works are
'.estlmated to be 152 days per year for core and filter and 273 days’ per
'year for rock, Monthly embankment: volume of ‘theé main dam is planned to
be 350,000 m? on an average assumlng that the workable hours are 14
'hours per day using two shlft work system.- : : '
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Foundatlon exeavatlon and Lreatmcnt are planned as: described
below. : : o

. e) ;Foundatlon excavation for the core: portlon is scheduled to be
- :made between March 1984 and. September 1985

b)Y The inspectlon (and grout) gallery of 1 000 m. 1ong w111 be conw'
structed within. 2. years starting from-October 1984 and the river
bed. portlon of 160 m-long 1s- to be constructed tlll the end of
March: 1985, Just oefore startlng the core embankment

-c),‘Groutlng works cons1st1ng of blanket grout of 24 000 m in total
o and’ curtain grout ‘of -34,000 m in total length are to be exécuted
for: 15 months from September 1984 for blanket and for 30 months-
“from January 1986 for curtain. . Most of the curtain grout works
_w111 be done 1n the 1nspect10n gallery.

‘;(3:)“- ,'391111.732

_ Total volume of the Splllway foundat1on excavatlon is, approx1mate1y
8. 4 mllllon cuch meters. . Excavated Focks’ of 6.4° m1lllon cublc meters
from: the" splllway foundation s utllized as the rock embankment mate— -
“rlals for. the main’ dam ~For. thlS purpose,_the splllway rock excavation
-is planned 6. be done so- as to follow thé:schedule of .the main dam em-
bankment for the perlod 0f 5 years startlng from the early part of 1984

The estlmated concrete volume of the spillway is 195 000 m3. ‘The

concrete work - is planned to be conducted for about 3 years from October
1985 .

e (4) Waterwaz -

_ The closure of the dlvers1on tunnel No. 1’ is scheduled 1n Aprll 1987
-and the penstock 1nstallatlon works are: planned to be ‘commenced’ in May
as mentioned above. The followrng tunnels are to be constructed prlor
'to the eforesald closure. o :

._a)..The 1ncllned tunnel of 110 m long between the 1ntake structure.
' ”fand d1vers10n tunnel No.1.

._b)ijhe connectlon tunnel of 94 m 1ong between the powerhouse and
';::dlver51on tunnel No.l. L : -

. With regard to the penstock,.lts 1nstallation works are scheduled
“to be ‘completed withln 14 months from May 1987 1mmed1ate1y afteri the -
;-closure of the turinel No l The ‘total length.and welght ‘of . the penstock

15" 350: fi- and: 1, ) tons. All the 1ustallation works 1nc1ud1ng tests are’
~to be completed by ithe end of August 1988 JUSt before ‘the ‘final tests of
the generatlng equ1pment. ' :



6.4 Project Costs

6.4.1 General

. _ Construction cost of ‘the Project and its operation and maintenance'
‘costs were estimated on the basis of the'’ feasibllity design: “and :thé pro-
posed. construction plan and schedule.' All the cost estimates were made
at the price level of early’ 1980 u31ng exchange rdates of 7.50 Pesos and .
250 Yen to one US dollar.’ “The basic conditions applied for the cost '

'.estlmate are as presented below.

a)

.b), Prices for the electro~mechanica1 equipment 1nc1uding 1nstal—

c)

- 4)
__e)

£)

.g) |

o

The. civil works w111 be conducted under the contracts of selected,
- contractors. . Unit prices ‘are estimated onh the basis of the pro-
?posed construction. plan and cost data referring to ‘the bid ‘
. prices of current constructlon works on the similar prOJectst

lation’ are estimated on the basis of the. recent bids of s1m11ar

units and prlces in the 1nternat10na1 market.

Most of the construction materiais are to be Supplled by the
contractors mainly f£rom local markets, the costs: of whlch are
estimited as the local: currency portion. -But; .the costs of
steel products such. as: structural steel and reinforcement bar,

Ccement and fuel 011 are’ estimated as the foreign cuirency portlon.

Construction machineries, equipment and plants 1nc1ud1ng spare
parts -are to be brought by 'the contractor, the cost of which.
are estlmated as the foreign currency portion.

‘Costs for frelght ‘insurance and 1nland transportation as well
" as! 1mport tax and duty are ‘included in the costs of all mate-

rials, plants and equipment, which are to be- imported

_Costs for transmlgratlon and land compensation for. thie sub—

merged, and constructlon areas are: estimated tentatively as

the land acqulsltion cost.

For unforeseen changes in physical condltlons, physical con-

" tingenicy amounting:to. 10 percent of the estimated dlrect costs

is added
Englneerlng serv1ce includlng detalled 6331gn and construction
supervision, and NAPOCOR's admlnlstratlon costs’ are estimated

at around 6 percent of the direct cost plus cont1ngenc1es.-

Price contingency ig estlmated by applylng the 1nflation rate

of 7 percent per annum on “foreign: currency portlon and 10 percent

annum’ on local currency portion.
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6.4. 2 Total Construction Cost

_ The total constluctlon cost excludlng ‘price contingency was - esti-
mated at: US$295 13 miliion ‘which comprises US$248.5 million of fore1gn
‘curtency portion and Us$47.1'million (or Peso 353:3 mllllon) of ‘Lgecal
currency portion. With- price’ contingency 1ncluded the total pro;ect
construction cost was estlmated at U8$456.6 m11110n as presented ‘below.
‘The disbursemeit schedule of the pro;ect constructlon cost 1s.showm in
. Table 6- 4 : '

R Cost- (103 Us$)

" Cost Ttem R
o Foreign Local : : Total™
1. Léhd.Acquisitionl'“: RTINS PA 2,700 2,700
2.'"_clv11 Works . - - 177,500 . 30,500 208,000
' L= Dam & Appurtenant o e o o
_Structures i G _ ' 167,800 28,600 © 196,400
‘= Power Facilities -~ 9,700 1,900 11,600
3. Genefating'Equlbment _ _ o _ S
' ij& Metal wOrks = : 135,600 - 7,200 42,800
o Generatlng Equ1pment o e.27;800 c ‘S,bOQT" - 32,800
- Metal WDrks 1,800 2,200 110,000
Coh Phy51cal Contlngency - o e e
i {10 % Of (] + 2+ 3)] ) ::':21’300' - 4,000 o 25,3Q0
5._':Engineer1ng SerV1ce & o S L
' Government Admlnletration o 14,100 - - 2,700 '16,800
"Subftntal (1-5 - 248500 - 47,100 295,600
6. Price Contingemcy -~ 125,607~ 35,370 160,977
Total (L-6) - 374,107 | 82,470 456,577

6. 4 3 Operatlon and Maintenance Costs

Annual operatlon and malntenance costs of the Pro;ect were est1~
‘.mated on the b351s of the f0110w1ng assumption and actual expenses.
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a) Annual OM coets for. dam and appurtenant structures are 0, 5
percent of the construction cost.,

'b). Annual-OM costs'forﬂhydropoWer;plant are'BAS.?/kw.

c) Annual OM costs for transmission llne are 2 5 percent of the
conetructlon cost. :

The estlmated annual operation and maintenance costs for the -
Project: are US$4 17 mllllon.

- 6 4 4 Replacement Cost

Economlc 11fe of the generatlng equlpment and the metal works is
assumed at 35 years after the installation.: Replacement cost of them
‘was calculated by summlng the installation cost and the 'cost for the
civil works related to this replacement in due consideration of the
salvage value of these_equlpment, only the installation cost was in-
cluded as the replacement cost. : S ' :

6. 5 Organlzatlon for Pro;ect Implementatlon

F1g 6-3 presents overall construction organlzatlon chart._ NAPOCOR
will have overall: re5pon31billty for the 1mp1ementat10n of the Project.
Design and construction of the Project will be executed by NAPOCOR
Resettlement in the progect area w111 be cared by NAPOCOR

For the executlon of constructlon works, the fleld offlce of
_NAPOCOR tentatively mnamed Agos Project Office will be required to- be -
‘built. .The construction works will be .carried out by the contract
basis with 1nternat10nal/loca1 contractors under. the supervision of
‘the Project Office.. A technical assistances by foreign and/or local’
consulting englneers w1ll be prov1ded for: successful performance of
the constructlon work :

‘After completlng constructlon of - the PrOJeCt works, operation and

maintenance will be transferred to and managed by the hand of Wanager,
Luzon Progect Office, NAPOCOR,
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' CHAPTER 7

ECONOMIC AND FINANCIAL ANALYSTS

7.1 ProjectnBenefite=.

‘7 1.1 General

o Most 51gn1ficant economlc beneflt of the project 1s that derlved
fromielectric power generatlon. Beside this, other benefits to the
region such;as flood control, fishery, irrigation and tourism develop-
ment are expected from the project. In this ‘chapter, however, only
the power benefit is studied in detail which is incorporated in the
economic evaluation of the prOJect. " - .

7.1. 2 Power Benefit'

"Economic benefit “to be derlved From power generatlon is estlmated
by the cost of the least cost alternative power plant. As: the alter-’
native plants, oil-fired thermal, coal~-fired: thermal ‘and gas turblne
plants are compared ‘taking into account  the power operatlon of the,
Agos power plant.  Economic comparison for the three alternative plants
is made on the following ‘conditions. 'All the costs used in the beneflt
est1mate are at the price 1eve1 of early 1980

0il-fired Coal-fired

S o . Thermal ' . Thermal . 'Ges—thrblne
 Invéstment Cost ($/KW) - . 630 S o790 370
Annual OM Cost -~ g o IR
- (% of 1nvestment) ‘ 3.65 5.25 _ 2.5
“Plant. Life" (years) o .36J ' o lBOI: o 15
Thermal Eff1c1ency (A)‘V -38 . . . :37'ﬁ o 25
Heating Value (BTU/Lb)' 18,600 §:500 . 18,400

.Fuel Cost ($) R . 28/barrel ' .:45/ton: Bl/berrel

R On the basis’ of the above f1gures listed, the cost of generated
power per kWh is caleulated on dlfferent plant factors for. ‘each plant.
The: results are presented in Flg 7-1. . 'Thé comparison- indlcates that

“the ‘least’ cost alternative plant” is the coal-fired thermal plant when
the plant factor is:.more than: 25 percent or 2,250 hours per year tAs.
the plant factor of ‘the Agos hydropower station reduces from 58 .percent’
to 32 percent, the power beneflt is. evaluated by the cost of the coal- -,
fired thermal plant. :



(1) kW'Value

#:0n the basis of the average constructlon cost of the coal- fired
thermal p]ant which: excludes the interest during constructlon, annual
:equ1valent cost tequired for producing the expeeted power is estimated

for’ three dlscount rates with the following assumptlons

Discount Rate

| 10 % 122 1h%
B Capltal recovery of the - G L '
: 1nvestment (%) S 10061 12.41 14.28
'w;=MaJOI overhaul and o Ce SR
: Jreplacement () - - C.. 3,00 0 3.00 -3.00
_ ._0peration and malntenance AN 1.80 - 1.80. |1;80
Other expénses (power cost
‘for general’ use, insurance, S e
tete.) o0 L : o 0.45 0.45 . 0.45

 Annual equiGarégt"ebst-(z) o 15.86  17.66 ~ 19.53

; B Annual equlvalent costs ‘per kW are US$lZS 29 (10 percent discount‘
rate), US$139.51 (12 percent discount rate)’ and US$154 29 (14 percent
_dlscount rate) $ .

_ For the calculatlon of the kw value, advantageous factor: of hydro-
" power to the thermal power is to be considered. - In due consideration

‘of the éxpected energy loss and time loss for the both plants,.the com—
‘ pensatlon factor for hydropower is estimated at 1 2791_.‘ The kW.values,
_thus ‘estimated, are as follows '

“f1 PoﬁerlosSand'time'loss are:

Hydropower . Coal-Fired

(%) -~ Thermal Power {7
Transmission loss 30 R 2;0
Forced outage S 1.0 5.0
_-Outage : for overhauls and 1nspect10n 2.7 o 1400
: Consumptlon for station service 0.3 o 9.0

g, 03) - 0001) . (1=.0.027)
_Compensat;On factor = o, 02) X 0. 05) X (1 = 0.14) %

¥

(i’ﬂ 0. 003)

(1 -0.09) - 1, 279

1



Discohn;’Rate kw Value (US$)

1% ) 160,25
12°% 0 4178143

4% - '197.34

(2) kWh3v31Ue-

The kWh value of the hydropower ié the saved fuel cost of the coal~
fired thermal plant and is-calculatéed on the follow1ng aseumptlons.

: Ptice ef coal o US$45/ton_
- — o (0.0204/Lb)
Heating value - ' 8,500 BTU/Lb
._Required calory for 1 kWh i ‘3,413 BTU/kWh_

“Overall thermal eff1c1ency. ' 37 %

'IFuel'éoet'fedﬁifed-fefxgenerefioﬁ pef kWh is estiﬁeted'at US$0.0221.
the kWh value is calculated at US$0,0234 ineorporatlng the difference
of 1053/2 for prov1d1ng kwWh between hydropower and thermal power.

7.2 Eebndmic Evaluation

Economic evaluatlon of the prOJect i5. made by calculatlng Economlc
Internal ‘Rate of Return’ (EIRR), Benefit’ Cogt: Ratlo and Net Present Worth
on the basis of the project benefit.estimated in the preeedlng sectlon
and economic cost of the project. As descrlbed earlier, all “the costs

and - benefits are estlmated at the price level of early 1980.

11 For applylng the kW value to the benefit estlmate, dlscountlng durlng
' construction is considered :

2

2 Enefgy loss . o
s Hydropower 7 Coal~F1red
o () S rhermal Plant (¢3)
“ Transmission loss T 3l 2.0

_Station service . e -d-i..0.3 7.0

(1. - o 03) (i-‘;.'—,:_0.003)
(1 -0, 02) (1 -0.07)

Compensatlon Factor = = 1.061



7.2.1. Economic1Cost

_ For the economic evaluation of the project;:eeonomie=eostIis esti-
mated by.adjustingfthe calculated financial cost as follows:
a) Import: tax and duties to be imposed on the imported goods and

_local taxes on locally ptoduced goods are deducted from the -
financial cost

h) Priee contlngeney is excluded from the financial cost

Total economic cost for the pIOJeCt is estimated at US$262 million.
:Details of the’ economic cost. and its disbursement are presented in '
' Tables 7= l and 7-2.
3:7 2. 2 Evaluation

Economic evaluation of the progect is made using the eeonomic cost
“and benefit on the b331s of the- folloWing aSSumptions.“

's),dThe Agos power plant starts dts operatlon from 1989 w1th the
i jeconomlc life of 50 years.. o SR

“ib)  Annual’ power production w1ll decrease in proportion to 'the
'1ncreased water volume for Metrc.Manila Water Supply and be-
- come 395 5 GWh in 2009 from 710 GWh at the 1n1t1a1 stage.-

The estimated Net Present Worth and Benefit Cost Ratio are pre—

_t{sented bélow. “The EIRR of 'the" prOJect is éstimated at -12.5 percent,
: :Whlch 1ndicates that the proJect is economically feasible. : -

13-‘/_.97

"_D'isE_buﬁt' Rate - B .=C.
T (106 us$) :
10% . o0 46,03 0 0 1,14
2% S 8.2k 1.02

TS S -21.97 . . 0.94

For ascertaining the prOJect v1ability under different eonditiOns,

"_:sen51t1v1ty tests are made with the following different assumptions..

Case I :r __f Construction cost 1nereases by 15 percent

Case II f' fCompietion of the Agos pr03ect works 1s delayed by '
... five years (to be completed in 1994) :

Case II1 _."_Completion of che Kanan water supply prOJect is
S ' delayed by 10 years (to bé completed in 2004)



Case TV . (II) + @
Case V- _Energy price (coal price) increases by 15 percent

- :Case VI :r..Available water from the Kanan river is used for 5
b "-exc1u51ve1y hydropower on the Agos/lL 1 : :

_ The results of the sensitivity study are presented in Fig 7- 2 and
summarized below. o . . _

o 'EIRR?(%)
. case I . 0 . 9.8
Case I1 LS
Case ITI - - 131
Case IV _ ©12.5
Case V. . 13.6

Case VI R _ 1872

As shown in the sen31t1v1ty analy51s, cost increase is quite sen-
sitive to the project. v1abi11ty. ‘Delays of the completion of the pro=-
ject both for the. Agos ‘and  the: Kanan do not affect the economic via-
__b111ty 50 much The highest economic rate of return of 18 21 percent '
is expected if the Kanan water supply project is discarded and all the
water from the Kanan river ba51n become avallable for the Agos hydro-
power statlon : : :

7.3 Financial Analysis
7.3.1 General

" For the financ1a1 analysis, investment cost of the pro]ect is
 firstly: estimated on the basis of the assumed flnan01a1 conditions.
The investment cost. 1ncludes the project construct1on éost with price
-_contingency, 1nterest during construction and commitment charge..

Revenue and expenses for the pro]ect operatlon are” estimated from
‘which income statement and cash flow statement are derived. . Using’ these
figures, financial rate. of return and debt- servica ratio are. ‘calculated.
to assess the fimancial viability of ‘the project.- All .the costs and
revenue for the. flnanc1al anelysis are valued: at the price level of

'1989 : - :

/1 'If all the water from the Kanan river is used for the’ Agos hydrOH
. power, -optimum: ingtalled capacity will become’ 185 MW and. the exr |
pected energy generatlon will be 683 GWh. The sensit1v1ty study
~ is made based .on this optimum plan. S :



7. 3 2 Investment Cost Estimate

Investment cost of the progect is estimated by adding interest
during constiruction-and commitment charge to the estimated prOJeot
construction cost. including the price contingency. For the estimation,
the following 35sumptions are made for the finance of the project.

a) All the foreign portion of : the investment cost will be financed
by 1nternat10na1 loans w1th ‘the following conditions:

- Loan A N - o “Loan B -
Finanded to- i Detalled investigation  Supervision and
_ _ and design Lo -constzuction
: Interest rate s 8.5 percent per annum -
Grace period e . 'Constructlon period (1981 to 1988)
Repnynent.period e 20 years exeluding the grace period
Commitment charge!. ' 1 percent of the unutllized inter-

natlonal loans

_'b) 711 the 1oca1 portlon of . the investment cost the 1nterest -
“during .- constructlon and the commitment charge: w111 be prov1ded
"by the Government contribution.

Total’ 1nvestment .cost of the progect is: estimeted et:US$5£3'9'mile
: lion, which consists of US$461.4 million of foreign currency portion

and US$82.5 million (or Peso 618.8 m1lllon) of local currency portlon
'~ as summarized below

(US$ m11110n)

_ P _ Foreign' Local : “Total

- Comstruction Cost. - - 248, 5 . 47.1  295.6 -
Price Escalation .. . . L, 125.6.. - 35.4 - 161.0.
" Interest During Construction ' - . -75.5 o0 : -75.5
. -Commitment Charges S - 11,8 -0 11.8
Total Investment Cost.. ~ . .461.4 . . 82.5 . 543.9

'3Disbursement schedule of the investment COSt and its f1nanc1ng
' plan is presented 1n Table 7 5.

7. 3. 3 Income Statement and Financial Rate of Return

- For preparing income statement of the project revenue: and: expenses
estimated under. the following conditlons.‘ All the revenue and expenses:

~are valued.at- the prlce level of 1989 “the expected commencement year
of the prOJect



‘a) Power revenue is estimated from the'sold‘energy.after deducting"
transmission 1035/1._ The tariff rate to be adopted in 1989 is
estimated at 0.95 Peso per kWh (or 15$0.126 per kwm_{.._.

' b)j Operating expenses of the pro;ect is estimated at Peso 31.3
million per annum by escalating the calculated operatlon and
'_maintenance cost in Chapter 6, at the prlce level of 1989.

c) Depreclation cost was estimated by applying a stralght tine with
2-percent per annum to the total Investment cost.

d) Interest ‘on the debt was - estimated based on the assumed interest.
_rate of 8.5 percent per annum.

- On ‘the b331s of these assumptions, 1nc0me statement  was - prepared
as presented in Table 7-6:,, Financial Internal Rate of Return’ (FIRR). 1s
calculated at 11.4 percent/ which shows that the project is financially

viable even if the project costs are financed by any international or-
ganlzations. o

7.3.4 Cash Flow Statement

Cash flow statement is prepared to assess the cash flow condltlon
based on the assumed fund sources and applications.  As the:.sources of
the fund, external finanecing and internal eash generation are considered.
The external flnanclng sources include international agenc1es loan and
government “contribution,” Wthh Wlll be provided durlng the congtruction
“time. The- 1nternal cash generatlon is the balance of gross revenue and
operatlng expense. For the repayment of the - 1oan,from 1nternat10nal
agenc1es, ‘cons tant! -annual installments are avsumed The cash flow
=_statement of the progect 1mplementat10n is presented in Table 7 7.

© As ‘shown in the table, the funds from the propo ed external financ-
~ ing sources cover the cost required during the construction period.  The

- internal . cash. generation is': expected to.cover theé debt service from 1989
and the cash surplus will reach US$336 m11]10n in 2008 when all the debt
service will be repaid.- The accumulated surplus w111 be turned 1nto'_

. positive figure in 1993 only 5 years after the. project commlss10n1ng.

" The maximum accumulated debt will reach 0s$170 million in 1988 when' the
progect will be completed as shown in Table ‘7-8.  Debt-service ratio of 1. 54
ratio:of accumulated internal cash generatlon to accumulated debt ger-
vice of 20 years, exceeds the minimum accepted standard 'of 1.3 as shown in
Table 7- -7, which 1nd1cates the f1nanc1a1 SOlldlty of the prOJect

3 percent of the generated energy._ _
The tariff rate 1s Peso 0. 4023/kWh at September 12 1980

1f the tar;ff rate of 20.7575/kWh in 1990 pquected by
CORPLAN . is applied, the FIRR become 9.0%.. °






CHAPTER 8

ENVIRONMENTAL: STUDY

~ 8.1 Preseut‘Eovironmeetal”Codditiohs

8.1}1 'PhYSical'Conditions

‘ Phy51ca1 conditions of the prOJect area are. already descrlbed in
“Chapter 4., Results of Survey and Investigatlon

8.1. 2 Biologlcal Conditions -

Affected by trop1cal weather as descrlbed in the meteorology and
hydrology of the drainage area of the Agos river, the farm land is o o
" covered with the tropical rain forest including lauan, apitong, tangile,
mayapis and pahutan. :

According to the study ”Vegetation of Philippine Mounteln';_IQIQI
by Brown, there are four vegetatlon types in the mountaln area and they
~are as follows:

aj Pareng (O - 200 meters) _

b) - ‘Dipterocarp (200 -~ 600 meters) :
c) Mid-mountain forest (600 <900 meters)
'd) Wossy forest (900 meters over) ' :

fParang area was covered w1th rain forest in old days, but it is-
now developed into many small.farms for coconuts, banana and other
cereal ‘crops after logging or burnlng the forest. Parts .of the Parang -
area are still covered with substitution vegetation, i. e.; a plain with
Imperata (alang alang) or Saccharum. Sponteneum and substitution rain
forest. all the dlpterocarp forest is a mixed evergreen forest composed' .
/of Parashorea Malaanonan and- Dlplodlsous Pariculatus, Mid-mountain
forest is also mixed evergreen forest w1th Quercus—Neolltsea Association
and Astronla Rolfei Assoc1ation, which is different from Parashorea-~.
Dlplodlscus Association. Mossy forest has a unigue assoclatlon, Cyathea-
Astronica'Association. ' o L : ’

The vegetatlon of the Whole Agos river basin corresponds to the'
cla551f1cation mentioned above.. The vegetation of the Kanan.river basin
‘consists of the Dipterocarp forest mid-mountain forest. and mossy forest.
This vegetation in the Kanan river ba31n 1s, in other words, st111 well
covered w1th thlck virgin forest.=_ »

_ ' The other basin, the'Leﬁatln river basin, which is ohe Of ‘the mejor o
* branch streams of Kaliwa'river, has -already been developed for. cultivated -
land and Parang area. Whlle the Limutan river basin, another major branch



stream of the Kaliwa river, hds sti]] been covered erh vegetatnon like
the. Kanan river basin. The area along the Kaliwa river: has been culti-
vated but the leéft side bank of it ‘is still covered with virgin forest
';11ke ‘the Kanan river ba51n.

_ Main Gwild anlmals llving in the Agos river basin are wild pigs.and
wild ‘deetrs.  Main birds 1iving. there are mountain doves; mountain swallows
. and w11d'roosters ‘Main reptilesl1v1ng there are- lizards, small croco-
'-_diles and some klnds of snake.. :

_ Kinds of flsh 1iving in Agos river are - nilkfish - commonly known

as ”bangus » nmudfish - popularly known as "dalag ‘eel or "palos' and

carp which is known as carpa Kinds of aquatic animals 1nhab1t1ng

in the Agos river are fresh water crab, some kinds of fresh water .

. .shrimps, shellfish and aquatlc insects. like. Plecoptera Ephemeroptera
_and Trlchoptera.- ; .

'.8 l 3 Socio—Economic Conditions

Soc1o-econom1c conditions in’ the proJect area are already described
in Chapter 2 The Progect Area T

8.2 Eavironmental Consequences of the Project Development -

8.2.1 Impacts“on=the ReServoir:Area

(1 Inundated Area and Populatlon

. . The reserV01r areas of Agos dam, Kanan, dam and Kallwa dam are’
- 21.5 km2 19 0 km?2, 20 0 km2 respectively :

-.fDam;}.: C Reservoir Area . Elevation
Agos Dam . 215 km? 'j 165.0 m

Kanan Dam . © 19,0 kmZ 295,00 m
- Kaliwa Dam = . . 20.0 km2 - 270.0m

CGotal . 59 0. km2-~

_ With thé creation of the reservoir, some villages will be inundated:
about 450 =500 houses in: the proposed reservoir of Agos: dam and Kaliwa
" dam;: and about’ 50 houses “in’the proposed reservoir of’ Kanan dam.’ Assuming
that' one household consists of six persons,’ around 3 000 ‘to” 3,300 people
“will-have. to be resettled. About 15 km2 or 25 percent ‘o the ‘total:
: reservoir area is cultlvated and ' open land which are: located ‘along the
Lénatin river and the Kaliwa. river, and .about 45 *mZ or 75 percent of
- the total reservoir area is:the forest which dlstrlbutes along the
-—'leutan river’ and ‘the’ Kanan river. : : -



@ .Fisherz

: As mentioned in the preceding chapter fishing activity in Kaliwa
Kanan and Agos rivers is limited to self- -sufficiency, . Construction of
dam and reservoir is not expected to affect the river fishery since
- most of the existing fish can be lived though some species of flsh may
be changed. el - ‘

..On the contrary, the creation of the reserv01r w111 give substatial
;p031tive impact on ‘the. fishery development in the. region. Appropriate
" species for cultlvation in’ the reservoirs are milkfish catfish and some
kinds.of carp.  Assuming’ that the expected flshery products ave 10-to
.15 t/km2 per year,/l ‘around 600 to 900 tons of produéts will be produced
by the four reservoirsy which is almost 1.5 times .of the" present ‘fish
production including bracklsh and ‘'seawater flsh ‘ :

3 TranspOrtstion &-Tourism

Constructlon of the dam is . expected to 1nf1uence the local trans-
portation ~At present, .there is no bridge to cross the’ Kanan,_Kallwa.
and .the Agos rivers. People can cross rlver by using boat or on foot
only in dry ‘Season. Even between the. maJor towns such as Infanta and.
General . Nakar, transportatlon of people ‘and goods is belng undertaken
: by small canoe, S .

Upon completion of 'the dam,, the crest.of the dam will be used as
the main transportatlon roads across the rivers, whlch will facilltate
the economic act1v1ty in’ the reglon._ :

Tourism is. not well developed in the reglon ar present though :
‘there are enough potential sites for resorts 1nclud1ng beautiful coast
and:scenic; mountains.‘ Besides, the left bank-area of the Kenan river is
already de31gnated to.National’ Park and -Wildlife Sanctuary and Game
Preserve Reservation. The creation of the reservoir will further
promote the tourism development in the reglon by providing add1t10na1
‘opportunlty for plCnlC and camping. ' e

In partlcular, the Marcos nghwey, now under construction, wlll
_connect Metro Manila with Infanta by around. two hours drive and con-
-tribute the tourism development substantlally. Then,_Infanta will be
"the most convenient resort w1th beautlful sea, mountains and lakes,

(4) Blologlcal Impact of the Reservoir ;

. The vegetation of 1nundated area s cultlvated land and tropical
- rain forest and inundated area is relatively small .compared with that
“of- the catchment area Therefore,_the pro;ect development will not

'[;_‘ Estimate based on the average product of fresh water flsh in
fishponds.' : :



'sexiously affect the vegetation in the region.-= On the contrary, the

logging of trees now. being conducted ‘at ‘the left bank of the upstream
of . the Kanan river is expected to give more negative influence on thc
rvegetation in the region :

The life of animals inhabiting in the prOJect area w1ll not be
: affected seriously by constructing the reservoir. Instead it will be
zaffected more by the change 1n fhe vegetation caused by logging

After the creation of the reserv01r, river water system w1ll change
g from fluvial system to. ‘stationary water system.. This will make it dm-"
prSSible for fish to.go up_and down' the stream.. The food— chain 46 the
=;r1ver will ‘be.. changed subsequently from the chain: of periohyton to aqua-
~tic ivsect to ‘stream fishes, to the :chain of . plankton to fishes. ' And
species of fish will also be changed I other words, the aquatic life

1nclud1ng periphyton, aquatic insect and fish is expected to adjust
themgelves to the new circumstances as they. adjust themselves to the
seasonal and daily variations of the water discharge.

(5)' Water Quality lf

One of the influential factors to water quallty is. the 1nflow of :
'-organic matter:to the Teservoir. Futire ilnicrease’ in the. organic matter
inflow in the reservoir is estimated preliminarily on the basis-of the
existing populatlon data, the expansion’ program of Metro Manila and
;future agricultural development plan. . The estimated inflow of the,
organic matter is: stdll: small/l and it cannot be considered that the
reservoir. will become eutrophi¢ lake-in the near future unless rapid
industrialization or extraord1nary population incredse occur in the aréa.

_ Another factor influenCing the water quality in the reSerVOir Is
the: unlogged trees in the ‘submerged ‘area. :The unlogged trees will
change its imaterial and. ‘léave organic matter in the water ‘which w1ll
'affect water quality

8;2.2 'I pacts on the Downstream Ared

Ly Flood Control

_ According to the information collected the areas extending about
_2 km ‘from-both ‘sides of the lower Agos river have been inundated twice -

a 'year. Damaged . by the flood are agricultural crops such as palay, 1ive~
stock.and those infrastructures such as- the barangay roads and' bridges.
Among them, the damage on agricultural products 13 the 1argest at present.

_ Construction of the Agos dam w1ll regulate the natural run off of
-the river and the flood" “in’the region will be completely controlled
except in cases caused by the 1nland water.-

ll_ BOD' .0. 071 ppm N £ 0. 10 ppm 'nd P = 0 006 ppm (These flgures are
’ expected contamination in the. Agos reservoir in the yéar 2000 when
the population in- the drainage area will be around 29 000)

':85.""4 o



2y Irrigation and Municipal Water Supply

. As explained in the preceding chapter, irrigation system is already
"installed in the downstream area of the Agos river and ‘the'watér source
is suffiCienL at present,'even in dry season. Impact on irrigation dsy:
therefore, mot so much and it is only‘to facilitate the additional irri-.
gation development both in terms of area (200 to 300 ha) and water '

__management.

At present, quantity of various water sources is: suffic1ent for ‘the
municipalities though coverage - of the: systematic water supply is still
low. However, water’ demend in the region will Increase substantially
_‘in the future in parallel ‘to. the development of ‘Metro Manila (Infanta,
Getlerdl Nakar and Real towns are included in Module 4 of the Metro ‘Manila
‘expansion plan). The expected population in' “the Modole 4 will be: ‘around
581,000 .in the year 2000, " For sustaining the population, 109 million
11tres per dayil of "the water supply will! ‘be required Taking into o
"conSideration this expansion, the Agos reservoir would be one of ‘the most
_economical and realible water saurce for’ these municipalities in "the
future o -

.8 2. 3 Impact on Regional Development L

, According to the Metro Manila expansion plan conSiderable 1nvestments
' are planned to be made in Module 4.’ One of them is thé Mircos Highway
_connecting Metro Manila with Infanta with two-hour drive, which-is now
under construction. Other major prOJects proposed are an international
airport in,Infanta and - 1nternational port in Real -

The Agos River Hydropower Pro;ect is expected to fac1litate the
~regional development by supplying sufficient electric1ty and water
Complete electrification and provision of reliable electricity will not
only improve “quality of life of the inhabitants but also stimulaLe' g
',:the development of agro- 1ndustries _ Potential agro-industries to be
‘set up are sawmill, coconut processing and fish processing both for
seawater and fresh water fish expected to be caught from the reservoir
“to be constructed - : -

As mentioned earlier in this chapter, potential of the tourism _
‘development is substantial Improvement of transportation faCilities
Cwill enhance further development. : o

. Employment opportunity in the reigon Will be’ drastically increased
by setting up these: agro-industries and 'the tourism development which
will increase: the regional products which may result in imprOVed quality

-__life of the people in the region. : :

/1 . Water Resources for Metro Manila, PICOREM, April 1979.



8. 3 Countermeasures for Environmental Impacts
' 8 3 1. Resettlement" '

About 3 300 people re81de in the’ inundated -area: of the Kaliwa dam,
Agos dam and Kanan dam. For the implementation of the PrOJect, plan for
resettlement 1is to be carefully prepared on the basis of the detailed
- slirvey on'the 1nundated area. The survey shall: cover the investlgatlon
.of household number, occupatlon, famlly structure, assets, land use
and ownershlp,.social infrastructures in the reglon, etc '

_; The resettlement plan 1s to be set up in. the framework of overall
'development plan in . the region includlng ‘the expansion plan of Metio

. }Manlla.j The: resettlement plan shall, 1nclude compensatlon plan for’ the

propertles of the people to be. 1nundated and preparation of the new’
_settlement area Construction-of ‘the" communlty 1nfrastructures such’ ‘as
.roads, water. supply, communlty ‘buildings are also taken into account. in "
the resettlement plan. oo C T :

78.3,2 Water.Quallty~Contr01

Although oontaminatlon of - the water 1n the feservoir 18 not serious
Lodne the foreseeable future, the water quallty will be deterlorated ‘after
‘some time' due ta. dlssolutlon of organlc matters,_agrlcultural fertl— a
lizers and chemlcals, and sewerage. Therefore, some measures for inter—
oeptlng sewerage system and control- system of 1ndust1ra1 and agricultural
_waste water ‘are to be: consldered 1n the next stage._

_ Be51des,_1n order to keep the. Water quality,,the trees whloh w111
“be. submerged in the reserv01r are to be logged as, completely as’ posslble

Eroded sands and 50113 from the watershed are another causes of
Water ‘contamination 1n the reservoir. = In view of the: present vegetatlon,
.protection works are ‘to be con31dered on the Kallwa river basin. ‘Much
~attention shall be pald to prevent eroslon of the slope and control Tun~
off of soils and sands for the ﬂaroos ‘Highway, which passes. along the
hlllSlde located at’ the: rlght bank 31de of ‘the’ Kallwa river.,

8 3 3 Flood Alarm System and Land Sllde Protectlon

Upon completlon of the ‘Agos dam and power statlon, about 163 m3/see
;of the released water Tung. out to the ‘downstream for about 7 -~ 12 hours
“pexr day.. To. protect ‘the residents and thelr property from the flood a
: ;.flood alarm system 1s to, be 1nsta11ed : :

In v1ew of the large draw—down depth of 37 m, landsllde occur in the_
: reservo1r area. Investigations of the. possible landsllde 51tes is. to be
'CUnducted and the countermeasure to avoid 1t must be taken.



CHAPTER 9

:.ﬂ DETAILED DESIGN AND INVESTIGATIONS

9.1 Det:ai'le‘d | bés:rén .

Detailed design work is required before the commencement of con-
struction works, aiming to prepare tender documents for construction :
'after detailed investigations added to the fea31bility 1nvestigation.l '

: The work is assumed to be done by an overseas consultant Working
:together w1th NAPOGOR engineers

The work 1s to be: completed within two years after starting the
investigation from possible earliest date in the- year of 1981. ‘The
“work schedule corresponding to main investigation ‘items are ‘expected
as helow*assuming that the service is Started'in Odtober 1981.'_

. Inception work L oy o October 1981 through November 1981f
- Detail 1nvestigation (at 51te) February 1982 through January 1983;
. Detail design T : T Octoher 1981 through November 1983
. Tender document R : October 1981 through November 1983

9.2'?Scope of ﬁetailedfﬁesign and:lnvestigation'

The scope of the works is termed as follows 1n due con51derat10ns
on the results of fea51bility study

Inception-WOrks d'

. To review the feasibillty report and to prepare work plans on the'
deta1l de31gn and necessary additional 1nvestigations.

I To a331st NAPOCOR'to perform tender ‘and mobllizatlon of Aocal

contract works for detailed investigation executed at ‘the
. 51te.5 T

Detail investigations

* To perform detall geological study in the progect area
consistlng of malnly core drillings at the Agos dam site, quarry )
‘site and borrow area, adit excavation in which in-situ rock shear
test and loading test be carried out.



. To”carry'out detail material investigations - consisting of material
 tests, field. compactlon test and field sheéar test on rockfill,
filter and 1mpervious core materlals.

.~_To perform spillway‘hydrauliC'model tests on two alternative plans. .

*© To perform se1smic stabllity analysls of’ the dam both in ccase of
dynamic epproach and static approach

C To perform detail topographical survey of the structure sites

'U.:‘-To perform additlonal colleetion and analysis of hydrologlcal data
. especially on flood observed by newly 1nstalled automatic rainfall
:recorders and water level recorders.

frTo collect 1nformat10n on. construction planning

a-'To discuss princlpal conditions on preparing tender documents w1th
: NAPOCOR. : : :

. To‘perform:detail_investigations on3transmission‘line;routenand
subStation.aree:and Iocal contract wdrks for preparatory'works.

'-ffTo a531st NAPOCOR performlng detail 1nvest1gatlon on land acqui91t10n.

Detail de51gn

. To perform detail de51gn “of c1v11 structures, such as dam and
_appurtenant structures. s

+ To perform ba81c_des1gn'of.electricel'ﬁofgs.

.”To perforn basic'design.of;metal works .

'lTb esteblish conétruction plan;i__

"fo prepare Blll of Quantity and Engineer 8 cost estlmate

Tender documents'

f To prepare tender documents for c1v1l ‘works (probably of two packages),
electrical works (probably of two packages) and metal works._ R

Reports :

_ Along w1th the progress of 1nvestigations, the following reports
-will be- prepared ‘ :

-+ Work progress report: "To report'progress.of work each three-month



. Inception report" 'To report basic program for' 1mp1ementation and
consultant work plans, methods and schedule after finishing the
: Works . :

-'Design criteria report.: To submit design criteria report preced-
ing to the: detall design work to obtain NAPOCOR 8 agreement on 1t.

-_Tender documents To prepare tender documents for civil works (two
packages), electrlcal works (two packages) and metal works.

. Deslgn reporL' To compile methods, procedures, calculation and
~alternative design if necessary (includlng ‘the detail: investlgation
works). -
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