be obtained from 2 km northeast of power. house site thhm flood'
plain of the Chico river. : ey

Sal -2---1'

Saltan scheme is proposed as run-of-river type, consisting of
mam intake weir, sub-weir and power house connccted each other'
by water way tunnel.

The proposed scheme is located on the Saltan river at '43' km
upstream from Pinukpuk where is situated ‘at confluence of the Chico |
and Saltan rlvers in Kalinga-Apayao Province. The Saltan river. flows
at the main weir site (El. 675 m) toward east dlrectxon on east flank
of Luzon Central Cordillera. '

Main intake weir site is located on the Saltan river at 3 km
southwest of Mt. Adalam (1732 m), sub-weir is located on ‘the’
unnamed tributary of the Saltan river at 2 km east of"_Mt.'Adalain
and power house site is located at confluence of the Saltan river and -
unnamed tributary 5 km east of Mt Adalam. The water way tunnel
is proposed at left bank of the Saltan river. Water way from sub-
weir joins the main water way tunnel at 5 km from mam mtakei
weir.

According to the existing geological map of Northern Luzon in
scale of 1/250,000 (JICA-MMAJ, Aug. 1981), regional geology is
underiain by metavolcanics of Eocene Licuan Formatxon,'
metavolcanics of Oligocene Tineg Formation and middle Mlocene_
Alava Formation (may be equlvalent to Lubuagan I"ormatmn)

Eocene Licuan Formation consists of lower member and upper'
member.  Lower member is composed of basaluc lava, basaltic

andesite and its pyroclastics. Color is green to dark green Locally its.

change to chlorite due to chlorltlzatmn is dommant by small waved,
folding with south east trend axis, and dlpplng towards to north-
northwest. :



Upper member - which 'is conformably to lower member is
underlam by, hard  and compacted cryptocrystaline andesitic
pyroclastlcs and green to dark greemsh gray andesitic lava. The
‘structure - feature of upper member is repeated small waved fold
thh south east axis.

Tmeg I"ormatlon belongs to Ollgocene which is distributed in
upper rcach of the Chico river in Sadanga arca, west of Bontoc.

Mam bed rock is underlain by quartz andesitic pyroclastics and
Iava and 1ts intersectted limestone, sandstone and siltstone. These
clastlo rocks - show hlgh indurated - and compactness and. well bedded.
Bedding of bed rock is mono-incline towards east and gently dip.
Tineg Form‘ation- is unconformably by Licuan Formation.-

Mlddle Mxocene Alawa Formatlon is mainly distributed at the
_ Chlco river ‘basin and the Saltan river basin. Most of the. sequence
'basement recks consist of limestone, and clastic sedimentary rocks .
not mcludmg volcanic rocks. ~Structurally mono-syncline towards
cast gently well bedded with large scale foraminifera.  Tineg
Formation and Alawa formation are irregular contacted by northeast
to south west direction fault.

: Bed rock of main weir is underlain by andesite. Weir site is
situ?ted at immediately - upstream of confluence of the Saltan river -
and the Maplog creek. Rock quality is probably hard and good
indurated and well cemented. Joint has long interval spaced.
Residual soil and weathered zone are relatively thin.

_ - .. Bed rock - is exposed at riverbed, huge scale of boulders are
scattered on the riverbed. There is no problem for comstruction of
intake weir.’f '

- The bed rock of sub-weir is underlain by dacitic rock. Rock
'quahty of dacite is hard and well indurated. It is enough strength
for sub-weir foundatxon and inlet of sub water way. Almost part of
water way tunnel route is passed through the dacitic rocks at left



bank of the Saltan river. ~However intake weir srte is underiam by
andesite, and outlet srte is- underlam by clastic sedlmentary rocks

Rock quahty of dac1te and andesrte seems to be hard and well
indurated. Dacite and andesite ‘contact by fault each other.. These '
_area is needed by full supportmg excavation. However most of route
has enough  thickness -of overburden and strength for tunnehng
without special treatment.. ' '

‘Bed rock -of poWer house “site is ' underlain by Miocene
sandstone and mudstone - covered “with  thin residial " soil, Rock'
quality of bed rock: is’ “hard but silohtly weathered compared w;th
other rocks of this. area, even though - it has enough strength for_-
power house foundation. ' ' ' ‘

Regulating reservoir area is. probably underlain by andesite
covered with river deposits. There is no water leakage from
reservorr due to- compacted formation, and slope of reservoir area is
stable.  Therefore, it is expected to be no specral geotechmcai and'
hydrologrcal problem in the regulating reservorr area

The suitable concrete aggregate is Iocated at 1.5 km east of weir
site which is underlain by well mdurated and hlgh strength dacitic
pyroclastics and lava. Proposed sand ‘and gravel borrow area is
located at 0-2 km downstream from weir ‘site wrthm river flood”'
plain. '

Pasil (2-8-6-22
Pasil scheme is proposed as run-of-river type, consisting .of
main intake weir, thre¢ additional intake weirs and power house.
Main intake weir js located at 1 km upstream of barrio B‘aton _'
Buhay and about 23 km upstream from confluence of the Chlco and
Pasil rivers in east flanks of Luzon Central Cordlllera ' '
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- Water  way tunnel combined with three additional intake weirs,
pass through left bank of the Pasil river. Approximately 350 m head
is ._taken_wzth 10 km long water way tunnel. The power house is
prop(’)sedr.'--at 'near barrio Colong. -

Reglonal geology of this mte is mmﬂar to that of Saltan scheme ,
Accordmg to the exlstmg geologzcal map in scale of 1/250,000 (JICA-
MMAJ, ‘Aug. 1981), regional geology is underlain by Eocene Licuan
Formation. Oligocene Tineg Formation and Miocene Alava sandstone
Formation, are. intruded by Neogene quartz diorite, and quartz
andesmc or andesmc Quaternary volcamcs

Mt Masmms (El 2233 m) and Mt Binuluan (El 2322 m) are
typlcal quaternary - volcanics in this area which are situated at right
bank of the. Pasxl river,

Mam weir  site 1s located at immediately downstream of
confluence of the Pasil river and its tributary at 1 km southeast of
barrio - Batong Buhay. Both abutments consist of well compacted
andesite of Eocene Licuan Formation which is covered with thin
" residual soil. . Sand and gravel is scarcely deposited on the riverbed.

Bed rock is generally cryptocrystalme and remotely _|omted and
shallow part of subsurface is slightly weathered. Foundation of these
rocks will probably be watertight and have enough strength to built
a- concrete Wweir.

: The ' water way tunnel passes through iargely Quarternry
volcamcs which consist of andesitic lava and pyroclastic flow, or
dacmc lava and pyrociastlc flow.  Partial supporting during tunnel
excavation will be necessary because rock quahty of pyroclastic flow
is sometimes weakly welded. '

_ And also,_volcanlcs flow sometimes show hlgh permeability
because of porous  structure of lava and pyroclastic flows. The bed
rock of three addltmnal intake weir are also probably underlain by
Q_ua_ternary volcanics. It is probably necessary small scale treatment
“of foundation because of high permeability. The bed rock of inlet
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and outlet portlons are underlam by Ltcuan Formatton, wh1ch crops_‘
out along the Saltan rtver : . o

The power house is located at left bank ‘of the Pasil river 500im
northwest of barrio Colong.. The bed rock of power house site is -
possibly undetlain by sandstone whlch is - covered with re31dual soll"
and talus deposzts These rocks aré rather poorly mdurated than the "
~ Licuan Formamon, even though “those have enough strength for

construction of power house. C '

Regulatmg reservoir is underlaxn by andesitic rocks of Eocene
Licuan Formation, which is. covered with scarce river deposxts, and is
est1mated to be watert;ght except fractured zone,

The smtable quarry site for concrete aggregate 'is proposed at’
4.5 km east of weir site which is underlam by fresh mdurated dacmc
rocks of Quaternary volcamcs ' o

No sand and gravel ‘materials are expected along the Pas1l river
near the intake weir site, because the river in this section forms a
narrow gorge and rapids.  The possibility of sand and gravel is
expected only remote area. So that fine aggregate materxals wxl! be
exploited from quarry site of coarse aggrecate

Tanudan (2-8-6-2

Tanudan scheme 1s proposed .as run-of-river .. type.
Approximately 248 m head is taken with 9 km long water way
tunnel. Intake weir site of proposed scheme is located at 30 km
upstream from confluence of the Tanudan and the Chico rivers, at
east part of Luzon Central Cordlliera ' o '

The Tanudan river runs towards north and then joing the Chlco.
river at near barrio Naneng. After this confluence. th_e Chico. river
flow shifts to east direction. ' ' ' '
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Accordmg to the geological map of north-western Luzon in scale
of 1250 000 (JICA MMAJ, Aug, 1981}, regional geology is almost
_ _same as that of Pas1l scheme. However, only Alawa,_Formanon_whxch
may. ‘be eqmvalent to Lubuagan Formation, is distributed around this
area. In general the geologic stricture has north- south strike and
dlps east gently.

Intake weir site is located at 6 km south of barrio Dacalan,
which is’ 30 km upstream from confluence of the Chico and the
Tanudan rivers, and also border of Kahnga—Apayao and Mt Province.

The bed rock of mtake weir possibly consists of slightly to
'moderately ‘weathered sandstone which is covered with thin residual
soil..-  Rock quality’ of bed rock seems to be weakly compacted
however it has enough strength for - constructlon of low concrete
intake weir. The permeability of bed rock is to be low value to
watemght 'exc':ept"moderately weathered zone.

All water way tunnel route is to be driven through the
sandstone mtercalated with claystone and conglomerate of Miocene
Alawa Fofmation. ~Rock quahty_ of the bed rock is rather weakly
induratéd and compacted. In general, excavation condition may not
be so difficult except fractured zone and intensively jointed area.
Overburden is enough for tunnel excavation. -

~ -Power house site is located at right bank of the Tanudan river 2
km "southwest of Mt. Tangob (El. 1516 m). The bed rock of power
house  is--also composed of slightly to moderately weathered
sandstone of Miocene :Alawa Formation covered with residual seil
and terrace deposits, It is rather weakly indurated, however, it has
enough stzength for power house foundation.

.-_R_e_gulatmg rese_rvmr area. seems to be also underlain by
~sandstone. and claystone. There is no evidence of water leakage and
" landslide, then there is no special problem on slope stability.

1-39



The suitable ‘quarry -site ‘for concrete aggregate 1s not found near

the weir site. It is necessary to 1nvest1gate quaz:ry sue and borrow'_ .

area for construction matenais m the futuro stage.

Ban R.7.24

Bantay scheme is proposed as dam and reservoir type. 63 m
hlgh dam has beon ‘considered at thls site. Bantay scheme is located
at wide and open dish type valley on the Paret river 34 km of north-
northeast of Tuguegarao, capltal of - Cagayan Province and 30 km
upstream from confluence of the Cagayan and the Paret rivers.

Proposed scheme s1te is to be located on Tert1ary hllly area-
which rises upto 200 280 m above sea level. It s bounded on west-.
by the Cagayan river flood. plain, on the east by thc Paret and the
Paranan rivers flood plain basin. =

The Paret and the Paranan ﬂood Piam io be covered by a.
reservoir of 122 km2 by Bantay scheme are. composed of well
developed rice fxeld and many bamos According to . the exlsting__
general geologlcal map of Cagayan River Flood Control Basm Wide
Study in scale of 1/600,000, the Bantay scheme is underlam chiefly
by sandstone of Miocene- Pliocene Cabagan Formation. Reservoir
area is underlain by Quaternary alluvium and terrace deposits‘.'- The
Cabagan Formation is unconformably overlies early to middle
Miocene Lubuagan Formation and widely distributed wﬂ:hm the"
Cagayan valley. ' o

The basement rock of proposed damszte is “underlain by
moderately weathered rather soft to soft sandstone covered with
thick residual soil at both abutments and very thick sand and gravel
deposited on the riverbed. ' '

The bedding of "sandstone'tr.ends oorthédSt-soothwes't'"and dlpS '_
southeast gently., Permeability of basement rock is probably high
value at loosened and fractured weathered zone. In order to reduce
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1eakage through the Ioosened permeable zone of dam foundation and

abutments, deep and hlghly concentrated groutmg at the dam
foundatlon wﬂl be necessary.

E VThe bed_'rock -of dam foundation is probably recognized to soft
rock, then it is not suitable for concrete gravity dam or high dam.
And also rock materials is remote from damsne Then earthfill dam
is only possxbie to be built here. .

Powe;_;" _house site is underlain by soft to rather hard sandstone
covered __‘wit_h alluvial sediment. It is necessary some treatment for
pOWef”hOUSé foundation. Reservoir area occupies very wide area of
about 122 ka which is composed of alluvial flood plain river
terrace and sandstone hilly area. However reservoir is chlefly
covered with rice field, therefore hydro- geologlcaliy, the reservoir is

estimatcd to be impervious.

"The suitable quarry site for rock materials is not found near the
dam31tc, however sand and gravel is located at riverbed within
several kilometers: from damsite. The borrow area of earth materials
to be proposed at 2 km east of dam, which is undelain by residual -
soil of sandstone and claystone.

DABBA_(2-8-8-25)

Dabba scheme is proposed as dam and reservoir type. The
damsite is located about 28 km upstream from Tuguegarao City and
‘1 km north-east of the barrio Dabba on the Pinacanauan de
Tuguegarao river which flows at the northeastern part of the
Cagayan Vailey

_ There, the Pmacanauande Tuguegarao river is rumung east-
west crossmg north-south trending rocky ridge which reaches about
200 m high above sea level. The elevation of riverbed is 38 m, and
'nver width is about 50 m. A dam of approximately 83 m high has
~ been. considered at this site.



The ex1stmg geologmal maps - show’ the regional . geology to- be
white coral limestone of ‘Callao Formatxon (Late Mlocene), volcamc
wackes, microbreccia and sandstone of Lubuagan Formanon (Early_
Miocene), and andesite and dacite of Caraballo Group (Cretaceous-
Paleogene). : - 3

The bed rock of damsite is underlam by Callao Format:on whlch
is composed of massxve ‘and  bedded hard whlte corai hmestone w1th
rich open joints and many sink holes  The beddmg ‘strikes of
limestone are mostly composed of southmorth dlrectlon

This Ilmestone forms V- shaped gap nght aboutment 1s formed '
by a very sieep and high chff Top of the abutment is covered wnh'
dense forest and toe of the gap is covered w:th talus Left abutment
is formed by rather gentle slope w:th residual SOll The nverbed is
occupied by sand, cobbles and boulders

In the Reservoir area, 'tOp_ographic condition is flatter, and
mainly covered with Quaternary alluvium and terrace deposits. The
bed rock of reservoir area is underlain by Lubuagan For_m'ation.,_

Watertightness of damsite is not expected due “to solut:on"
channels and oper joints of limestone. Damesite 1s composed of only’
this leakageable limestone from riverbed up to top of both
abutments. Therefore, big amount of leakage is to be expected and
accordingly extenseve cement grouting at the damsite - will be
necessary. Judging from such geological viewpoint, the damsﬁe is
not recommendable for the pIannmg of hxgh dam. '

Maliano (2-8-14-34)

Maliano scheme is proposed as dam éod reservoir type.
Construction about 159 m high rockf111 dam is planned on the_
Pinacanauan de Ilagan rlver -

Maliano scheme i_s located at Isabela Province about "SO”’k}n’_:_eeét
from Santiago, and 90 km upstream from Ilagan by the Pinacanauan-
de Tlagan river in Northern Sierra Madre Region. The accessibility of
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_this ‘site is: very bad. The nearest all weathered road terminated at
‘San Marlano about 60 km- from damsite.

Accordmg to the ex;stmg geologlc maps of Isabela Province in
scale of 1/250 OOO (BMG 1974) and in scale of 1/100 000 (Ilagan No.
1 Pre _:F/_S Project, Philtech and Ministry of Public Works 1983),
Almost  all: of - typical geologic formation of North Sierra Madre is
distributed-_a‘t .vicinity  of this scheme. '

_ The geology of proposed scheme site is underlam by andesite of
'Cretaceous Paleogene metavolcanics, sandstone ‘and conglomerate of
early rm.ddle Miocene Lubuagan Formation, sandstone and claystone
of Mlocene Pliccene Cabagan Formation and diorite of Paleogene
mtruswe rocks. Geologlc structure generally trends south-north
w1thout big scale of faulted structure

_ Thc proposed damsﬂ:e shows open Vshaped valley, on the
Pmacanauan de Ilagan river running from east to west. The
elevatlon of riverbed is about 145 m above sea Ievel

~ Both dam abutments are covered with deep forest, the bed rock
is exposed only ‘at riverbed and toe of flanks. The bed rock of
damsue is underlain by well compacted andesite of Cretaceous-
Paleogene metavolcamcs covered with residual soil, which has
enough strength for filldam foundation. The thickness of residual
soil and - weathere_d zone are increasing at higher elevation of
abutments

_ Accordmg to the fca31b111ty study report of Ilagan-2 (damsne
has been proposed at. 1 km upstream from Maliano damsite) by

Phlltech and Ministry of Public Works 1983, Lugeon value is mostly

" less -than 1 (ome) and maximum value in 4.85, totally slightly higher
Lugeon value in the right bank. :

Power house site is located at left bank site which is underlain
by metavolcamcs andemte covered with residual soil. This is strong
enough for foundatlon of power house,

_ The reservolr area of about 37.1 km?2 extend towards southeast
from dams1te which is underlain by diorite and quartz diorite.
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Several small scale faults are expected. to be in- the reservoir 'a"r_ea.".
Hydrologically reservoir. area is expected to be watertight. = During
overflight survey, it was observed the ‘reservoir area is densely =
covered with forest. Sédimentation problem - in the ‘reservoir area
will be negllglble | | S

The suitable locatlon for rock matenals is proposed -at: the fresh
hard to very hard andesitic rock ‘within_ 1.5 km upstream .of. damsue-
" Borrow area of sand and gravel is. proposed - at reverbed 5-6 km
downstream from damsite. Residual soil of diorite to. be suitable for _
earth material could be obtamed 5 km southeast from damsne '

Ibulao  (2-8-20-46)

Ibulao scheme s proposed as a run-of-river _.type.
Approximately 253 m head is taken ‘with 8.5 km long water way
tunnel. The proposed scheme i$ ‘located at Ibulao provmce eaStern-
part of the Luzon Central Cordillera mountam range and also western-

part of the Cagayan valley

The intake weir (EL 810 m) is located at’5.5 km southeast of Mt
Napaluan (El. 2298 m) and 1mmedlate1y downstream of conﬂuence of
the Taong river and the Asin rlver '

The water way tunnel is located at right bank _of-'--thé*Tao'ng
river. One additional intake weir from the tributary is connected to
the water way tunnel at 4.2 km from inlet. '

The power house is located at about 10 km upstream from
Ibulao gap (The cross point of Banaue road and the Ibulao river).
Intake weir site and inlet of water way tunnel are located at’ further
10 km upstream from power house. ' Con

The existing geologlcai maps ‘show the reglonal geoiogy ‘to be
largely silites and basalt of Cretaceous Paleogene metavolcanics, and
volcanic wackes, micro breccia and- ‘conglomerate of early to mxddle'-
Miocene Lubuagan Formation.  The Lubuagan Formation has an
unconformable relatlonshlp w1th the underlymg metavoleamcs
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.« Very long fault on the left bank of the Taong and the Asin
rivers is- traceable almost north and southward. And one geologic
lineament in: the "direction from northwest.to southwest is inferred to
cross ‘the water way tunnel diagonally, which is probably
corresponds to geologlc contact of metavolcanlcs and Lubuagan
Formatxon

- The basement rock of intake weir site may be underlain by
very hard -and compacted spilites and basalt which are covered with
thin resuiuai soil. These rocks are folded and jointed, however, they
have enough ~strength. for foundation of concrete intake weir.
Watertxghtness of ‘basement rock is to be fair except fractured zone
of shallow part due to ‘influence of N-S trending long fault on the left
bank- of the Taong river. '

The geology of water way tunnel at the inlet side is probably
compose_d of metavolcanics, and after the point of additional intake
weir from tributary is _ocoupied by volcanic wacke of the Lubuagan
Formation. '

_ T'}ie'?Lﬁbuagan Formation overlies probably in fault contact
along  the mnortheastern boundary of the metavolcanics. The
overburden of tunnel is to be enough thickness for excavation but
rock quahty of geologic contact zome is to be fractured. That area will
requzre heavy supportmg works

Power house and penstock line near barrio Bugaoy are laid out
on the volcanic wackes, micro breccia and conglomerate of Lubuagan
Formatlon No serious geologic hazards are estimated for the power
house foundatlon.

. The. bed rock of the regulating reservoir area is composed of
hard metavolcamcs which exposed up to high flood water level.
Permeability of reservoir is to be watertight because high water
level of reservoir does not exceed high flood water level. Therefore
the slope -of regulating reservoir area will be stable.

The suitable quarry site for concrete aggregate is situated at 1.5
km north of damsite which is underlain by spilites and basalt of
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metavolcanics. ‘They have -enough strength and. volume for concrete
aggregate. Borrow area of sand and gravel materials are proposed at
the Taong riverbed within 2 km from intake weir..

bin 2-8-28-52

Cabingatan scheme is proposed as dam and reservmr type, at
1.5 km downstream from the barrio Cabmgatan and 5 km upstream
of Maddela on the Conwap river which is located at southern part of
the Cagayan valley and southwest of the North Sierra Madrc A dam
height of about 147 m has been con31dered at thlS s1£e ' '

The ex1stmg geological maps shpw the regxonal geology to be
Siculac limestone (may be equivalent to Ibulao Formation) and
Metavolcanics. The Siculao Formatlon has unconformable
relationship with the underlymg metavolcaxcs - o

Generally, limestone forms steep slc)pe cliff and gap. Cabingétan
scheme site is in the most biggest scale gap in the Cagayan valley.

The limestone consists of bedded and massive structure and
also they have rich Jomts and some. sink holes. '

Bed rock of dam31te is underlain by hard 1ndurated massive and
bedded white coral limestone. However several large cavities are
found during the overflight survey. This limestone forms U~sheped
typical gorge. Right abutment is formed by a steep cliff, top of the
abutment is covered with dense forest and - the toe of the ¢liff is
covered with talus and big rock fall, left abutment is formed by more
high cliff and horizontal caves. | The erCI‘bed is occupied by full
width water flows, but it may be fﬂled w:th sand cobbles and

boulders.

Watertightness of damsite is not expected due to soiunon._
channels and large cavities of limestone.
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Dam31te is composed of only this leakageable limestone from
nverbed up. to. top..of both abutments. Therefore, Cabingatan damsue
_ 1s _not recommendable from geological viewpoint.

And also hydrogeologlcal condmon of 1eservoir area is not good
for. water storage Reservmr area of Cabmgatan scheme is around 59
“km?2, Bed rock of reservoir aréa is underlain by limestone and
_wacke. and shale.  Wacke and shale are usually watertlght but
generally llmestone has. solution caves and fractured fissures.
Me.ta's_edxn,l__ent_s (wacke and shale) are conformably overlain by thick
be'dde:d?-pe_rr_rieable limestone.  In conclusion, the reservoir area is
generally not watertight.  Specially, water leakage can not stop at
- high elevation of caves and fissures of limestone.

Casecnan  (2-8-29-

'_Caseénan' scheme is proposed as run-of-river type, consists of
about 6 m in height and 56 m in width concrete intake weir on the
Casigdan“fiver"at “about 4.5 km north-northwest of barrio Maghanay
and about :75 km upst'ream' of Cabingatan scheme. Power house site
is to be located on the left bank of Casecnan river at 1.5 km
'downstream of barrio Maghanay The water way tunnel is proposed
at Jeft bank of the Casignan river. Approximately 88 m head is taken
with 6 km long water tunnel. -

The Casignan river flows at the intake site (El. 543 m) towards
south direction and joins the Casecnan river at barrio Maghanay. The
deforested and bared valley flanks are relatively widely distributed
between proposed intake s,1te and barrio Maghanay along the
Casignan river. And also many land slide is there, the most biggest
~ scale of Iéhdslide is situated at the right bank of Casignan river about
2 km dowmstream from damsite. To the contrary, upper stream of
1ntake weir site, the valley flanks of proposed scheme site are stable
and cevered thh dense virgin forest.

. ‘_-,Accordmg to the existing -geological. map of Northeastern of
Luzon Island in scale of 1/250,000 (JICA-MMAIJ, 1977),. regional
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geology of proposed scheme site is to be largely Caraballo Group, “of
Cretaceous - to Eocene. It is probably eqmvalent to ‘metavolcanics in
geologlc maps of Breau of  Mines. Fold "axis running ‘east- -west
direction is developed. Two mferred faults are recogmzed at near
scheme, one occurs along the rxght bank of the Casecnan rlver and
another appears along the rlght bank of the Ca31gnan nver

The Caraballo Group consists of three format:ons, namely
Formation I, Formation ‘Il and Formatlon III in ascendmg order

Formation Iis underlam by. andesmc tuff brecc1a, andesmc lava
and well bedded aliernation of sandstone ‘and shale. ~ Formation II is
underlain by basaltic . lava, diorite, ~basaltic” tuff ‘breccia  and
interbedded siliceous shale and sandstone. Formation III is
underlain by andesitic lava, andesmc tuff breccia and mterbedded
siliceous shale and limestone,

Bed rock of weir site is underlain by hard to very hard
indurated . basaluc tuff breccia or lava and Ioeally mterbedded
siliceous . shale and sandstone with weathered zone covered by
re31dua1 3011 The riverbed is filled with thlck gravel and cobhle
throughout the flood plain. Assumed N-S trendmg fault occurs at 1
km west of mtake weir, however may be no effect to low concrete
weir. Regulation reservoir area is underlam by andesite and basalt
and slope of valley flanks will be stable and watertlght '

Proposed -water way tunnel route will- pass through the hard
indurated basaltic and andesitic basement rocks. There is no major
fault intersecting the water way, and also enough thickness of
overburden for tunnel excavation is expected. Therefore, no special
treatment is necessary for tunneling works. B

Proposed power house. site- is underlain by hard to very h:ai"d
indurated Cretaceous to Eocene andesitic lava and tuff brecc1a and
interbedded s111ceous shale and limestone. ' :

Construction materlals of mtake concrete weir s expected 1o
hard to very hard basaltic lava and tuff breccia at the right bank -
flank of the Casignan river 2.5 km downstream of weir site. ‘Sand
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material can be. obtamed from ﬂood plam with 2 km downstream of
1ntake welr site. ' :

Unner Casecnan (2 8 29 59

Upper Caseondn scheme is p'ropoes'ed as run-of-river type,
con31sts “of about 7 m hlgh and 47 m w1de ‘intake weir on the
Cas1gnan ‘river at 85 km upstream from intake weir site of the
Casecnan scheme Power house site is 1ocated on the left bank of the
C351gnan river at 1 km upstream of intake weir site of Casecnan
scheme and about 10 km upstream of barrio Maghanay.

" The ‘water way tunnel 13 proposed at the left bank of the
Casxgnan river. Approxlmately 112 m head is taken with 7 km long
water way. tunnel The Casignan river winds through the valley and
flows at the intake site (El. 670 m) towards SSE direction. The valley
flanks of proposed scheme site are stable and covered with dense
_ v1rg1n forest

Regional geology at the site is almost similar to that of the
Casecnan -_s’eheme. Several fold axis are observed and the principal
stiructu'r'al trend is the east-west. Inferred faults occurred along the
ught bank of the ‘Casignan river. Columbus limestone crop's out in
the 5 km east from the CaSIgnan river, however, this is not effect on
the scheme |

: Intake weir site is probably underlain by hard to very
indurated andesitic lava and tuff breccia interbedded siliceous shale
and limesto'ne. '

. The basement rock of intake weir is covered with thick sand
gravel and cobbles-on the riverbed and thick residual soil in h;gher
elevation of both abutments. The permeability of weir site is
probably” watertight except shallow part of ‘riverbed. Therefore, no
special treatmet is necessary.

1-49



Regulatxon reservoir area is probably ‘underlain : by andesitic
lava and its pyroclast:c rocks. There is probably no water leakage
and sIOpe of valley will be stable. ' -

The propoqed water way tunnel Wlll pass through Caraballo
Group which are subdivided into three formatxons, namely,” andesmc
lava and tuff brecc:a occured in the northern part baqaltlc lava and
tuff breccza in the middle part and andesitic - tuff brecma and lava in
the southern . part -of tunnel route. " Rock quality of tunnel route is
totally strong for tunnelhng w1thout full supportmg, however, fulI
supportmg is necessary at several crossing pomts of gully

Bed rock of proposed power house site is- underlam by hard to
very hard indurated andesitic tuff breccia and lava thh_ well _bedded
alternation of sandstone and shale, Cretaceous to Eocene.

Construction materials is expected to hard to very hard basaltic
lava and tuff breccia at 4 km SSE of weir site. Sand materials are
located at river flood plain near weir site. B

Upper Cas ecnan-’j 12-&-29—@1 )

Upper Casecnan 3 scheme is pmposed as dam and water way
type, consisting of about 87 m high dam on the Camgnan nver at the
upstream of the Casecnan river, and trans-basin water way tunnel_
from the Casignan river to the Manga river of the uper ‘stream of the
Magat river. Approximately 342 m of head is taken with 14 km long
water way tunnel from intake weir in the reservoir to power ‘house
at the Mange river. '

Proposed damsite is located on the Casignan river at. 2 ‘km
dowstream of barrio Manguit and 4 km upstream from  intake weir
of upper Casecnan scheme. Upper Casecnan-3 damsite froms V-
shaped valley, where small creek occurs at immediately downstream
of right bank. The reservoir water is conveyed through water way
tunnel from reservoir intake at the 3 km upstream of da_msitc' to thf:
power house at the left bank of the Manga river.



. Regional geology at the site is similar to that of the Casecnan
scheme ~ General trending of fold axis is northeast to southwest.
Inferred long fault N-W trendmg crosses the right abutment of the
damslte and water tunnel route, ‘and also passes through the west
side of TEServoir area. '

The ‘basement rock of damsite is probably underlain by hard to
very hard andesmc lava and tuff breccia which are probably
fractured at nght abutment due ‘to effect of fault. Probably these
rocks are covered with sandy gravel on' the reverbed and thick
resxdual SOll in hlgher eIevatlon of both abutments, respectively.  The
_mtake foundatlon consxsts of dacmc tuff of Ollgocene Mamparang
I"ormatlon ' No senous problem are seen geotechnically.

--’I_‘he -water'way tunnel w111 pass through the Oligocene dacitic
'_tuff “andesitic lava and tuff breccia interbedded siliceous shale of
: Caraballo Group Formatlon Il and basaltic lava and tuff breccia of
Caraballo Group Formatlon II. The traversed zone of fault line on
tunnel section w111 require full supportmg works for the excavation.
_Furthermore, durmg the constructlon ‘water leakage into the tunnel
is possible to happen under the Casignan river crossmg point at 5. 5
km from mtake

The power house site is underlain by hard indurated siliceous
shale of Carabalio Group, Cretaceous to Eocene. However inferred
fault along the Manga river should be effected to the basement rock
of power house _’I_‘herefore, some foundation treatment will be
reqa1red | |

Reservoir area is about 17.7 km?2 where is underlam largely by
dacitic tuff of Oligocene Mamparang ‘Formation. The reservoir area is
to be occupied of dish bottom. of tectomic basin, so that valley flanks
of reservoir area form commonly gentle slope except near damsite.
Upper Casecnan 3 reservoir area seems .to -be watertight and stable.

Qualry 51te to work fresh and mdutated andesitic lava and tuff
brec‘ma sultable for rock full would be located at 1 km south of the
damsite, Sand and gravel, " suitable for rockfill filter, would be
avairable in the nverbed within 2 km upstream of damsite. Earth
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matenals is expected to residual SOll of dacitic tuff which is located ‘at
2 km north of the damsite, S o :

. :1"kam""“ 'Q"M'—)'- .

The - Tabu scheme is proposed as dam and reservoxr type,'
consists of about 160 m high rockfﬂl dam on. the Agno river at
Benguet Provmce, 265 km downstream of Bmga dam The Agno
river runs in the wide’ fauIt valley - (500 m in w1dth) from Daluprmt
to Tet-bo, the river shifts from southeast to southwest Just
downstream of Tet- bo. And then the Agno rlver forms deep gorge
between Tet-bo and Sarouge along the several ass_umed__'nor_thea_st
and northwest faults, which run parallel to the direction of the valley
and dip steepy. '

Accordmg to the exzstmg geologlcai maps, reglonal geology_
mainly consists . of four geologic units which “are Neogene quartz
~diorite (Qd) at damstie, metavolcanics (Mv) at left bank of W1de fault
valley, schist (Sc) located between metavolcamcs and quartz dlorlte,
and alluv1ua1 dep031ts in wide fault valley

Proposed dam axis is located on V-shaped valley by quartz'
dlorlte which is sitnated about 5 km downstream from gorge
entrance near Tet-bo One ‘assumed fault trending northwest occur
at along the left bank site. Rock quallty of damsite 1s prcbably hard
to very hard covered with thin residual soil and deepiy werthered
rock at both abutments and locally fractured due to assumed fault
along the left bank site. R

Permeability of damsite is probably rather- hlgh at both
abutments and high permeability at shallow part of rlverbed covered :
with several meters thickness of gravel and. ‘boulders. Therefore
excessive grouting will be required. The basement rock of damsite ‘is
generally sound and partly weathered. Chute type sp:llway is
proposed at - the upper part of r1ght abutment because ‘of hydrauhe_
consideration, and therefore spxllway works would reqmre 2 deep:
cut and excessxve_excavanon It is necessary ‘to study of rock'
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_excavation problem and slope stability in the future study. Proposed
__'p'o'i,vér house site will be underlain by a sequence quartz diorite of
Neogene . covered with some talus deposits, it seems to be ehough
strength for power house foundation. However the power house site
is also requlred large volume excavatlon

| The reservoir area of about 6.6 km2 extends towards
: northeastward from damsite and then shifts to northwest direction
at near Tet-bo. The Tabu reservoir in the gorge area is underlain by
the quartz diorite and schists, and the upstream of reservoir in the
‘wide  fault valley area is underlain by ‘the SChlStS, ‘metavolcanics and
“alluvium. The permeab;lz.ty and ground water condition of Teservoir
is probably watemght except fractured hlgh permeable faulted ZOone.

Rock matenal w1ll be supplxed from the hard to very hard
,quprtz dmnte at 1 km northeast of damsite on right bank of the
Agno river. Sand and gravel materials are expected to alluvial and
_terrace deposns ‘along the Agno. river about 6 km upstream of
damsite. Earth material may be collected from the residual soil of
the quartz diorite.

Agno-1_(3-77-0-

The Agno-l scheme is proposed as run-of-river type, consisting
of intake weir, power house and water way tunnel. The proposed
'scheme is Iocated ‘at the Agno river basin in Benguet Province. The
'mtake s1te is }ocated on the Agno river at 1 km south of barrio
Socong

The powgr house site is located at 2 km downstream from the
weir site’ and about 10 km from the Ambuklao damsite, and also
1mmcdxately upstrcam of back ‘water of Ambuklao reservoir. Both
31tes are connected by 2 km long water way tunnel, then 60 m head
is taken

The Agno river forms narrow and very deep canyon at the
Ambuklao damsﬂe, however the valley of this site is rather shallow.
The steep slopes ‘of the canyon area mainly form by outcropping



‘weathered rock without any vegetation. Big land. sliding ‘scar ‘occur
at the right valley slope of the. Agno river 1mmed1ately downstream
of power house. : : - : _

According to the existing geological map of Benguet Province in
scale of 1/250,000 (BMG Nov. 1974), regional geology of the Agno
river basin is composed of four: typical formation, ‘namely UV
Formation, N1Formation, N2 Formation and NI Formation, whlch are
formed southern part of Luzon Central Cordlllera '

The Crctaceous-Eocene _UV Formati_on,forms a;tial ‘zone of Central
‘Cordillera. This is probably equivalent to the Pugo Formation. The
rocks mainly consist of metavolcanics: - And NI - Formation
unconfromably overlies the UV-Formation, This formation is
probably equivalent to the Zigzag Formation and early to middle
Miocene which is co_inposed of sedimentary rocks such as
conglomerate, sandstone and wackes. Following to the aboves, there
is N2 . Formation, which is probably eqmvalent to Klondyke
Formation, upper Miocene. N

NI Formation is instrusives, which is probably equivalent to
Agnobatholith., It intrudes the UV and early to middle Miocene
rocks. NI Formation is a composite, 1ntruszve-consxstmg of quartz
diorite, grano diorite, and related andente-dacue prophyrws )

Basement rock of intake ‘weir site consists of hard and mdurated
with shghtly to noderately wethered metamorphosed basalt - and
andesite. These rocks are covered by thin resulual soxl and talus
deposits, however moderately weathered zone is seemed to be th1ck
Riverbed is filled with thick sand, gravel and debris.

The water way tunnel passes through the r;ght bank of ‘the
Agno river and overburden rock of water way tunnel is underlam by
hard and indurated metamorpnosed basalt and andesxte ' Tere are no
major faults which intersect the water way.” Thereforc, no - full
supportmg is necessary during the tunnelhng o

Power house is located at confluence of - the Agno river and 1ts
tributary, at near barrio Ambay. Basement rock 1s underlam by
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largely - hard - and -indurated: metamorphosed basalt and andesite with
slightly . to “moderately weathered at shallow ~part and covered by
thin’ resxdual soil ‘special treatment is requn‘ed

_ Bed rock of regulatmg reservoir area consists of metamorphosed
-basalt and ande31te which are almost stable and indurated with tight
closed _]omts Then no Ieakage is expected from TESErvoir,

Constructlon materxals are expected to metamorphosed basalt
and andes1te at 1.5 km south of damsite, which have enough strength
for concrete aggregate Sand matenals are taken from riverbed at O-
2 km upstream of weir site,

A2

~ The Agno-2 scheme is proposed as run-of-river type, consisting
of main “intake weir, sub intake weir and power house copnected
together by water way tunnel. '

| The power house- site is located at -about i km upstream of
Agno-’l 'scheme'- intake “weir site on .the'-Agno river, '

_ The main 1ntake weir sxte is - located on the Agno river at barrio
Lutab about 10 km upstream from power house site, and two
adc_l_ltzon_al_ sub weirs are proposed on tributaries of the Agno river 3
km South_west. of ~main weir and 3.5 km upstream from power house
site.

The water of sub«welr is conveyance by tunnel to lead the 4 km
pomt mto main water’ “way tunnel from 1nlet site. The total length of
main - tunnei is bout 83 km and then 158 m head is taken. Main
1ntake weir site is Iocated at wide open V- shaped valley . Sub-weir
s1te and power house site are located at steep and rather deep valley.

_ 'Re"gtonal ge'ology 1s almostly sunﬂar to that of the Agno-1.
Ambuklao fault occurs on the left bank of the Agno river. The east
side of fault line is- underlain by N1 Format:on (It is probably
equivalent to Zlgzag Formatlon)



~ The valley flanks of intake. weir site form steep. s'l'ope:' at:r”i'g'ht
bank and rice terrace at higher elevation on left ‘bank.  The center
part of riverbed filled with sand and gravel, - The: gentle slope of left
abutment is underlain by alternating beds of conglomerate and
sandstone, and bedding plam is shown as parallel to the land surface '

Contrary, at. the nght bank beddmg plam of conglomerate-
~interbedded volcanic flow is shown. as. ‘interseciton to the -land
surface. The general direction of joints is N 40-45° E/80° NE. Some
of these joints are filled and txght and some are opened Densxty of
joints is 5-6 pcs/meter. ' '

Rock quality of bed rock is probably hard enough strength for
foundation of concrete gravity weir, however special cur'tai‘n and
consolidated grout may be necessary due to some open JOlIltS The
thickness of river deposits is seemed to be 6 to 8 m. The thickness of
weathered zone is to be within 1 m. ~The talus deposits of about 6 m
in thickness are deposited at left ban_k ~ Some conglomerate exposes
only at toe of left bank site.

‘Basement' rock of water way tunnel is probably underlain. by
Cretaceous to FEocene metamorphosed basalt and -andesite and late
Miocene to Pliocene sedimentary rocks. ~ Inlet and upper route of
water way tunnel will pass through - the sedimentary rocks and the'_
following lower part of tunnel and two sub-intake weir site is located
at metamorphosed basalt and andesite. There is no spec1ai diffculties
for tunnel excavation. However it may require some supprting’ work_
locally. | | | R

Basement rock of power house is underlain by metamorphosed
volcanic rocks (Cretaceous to Eocene) covered with very thin residual
soil. The special treatment is not necessary due to enough strength
for power house fundatlon '

Regulation reservoir area  is probably underlain 'b'y "'same
basement rock of intake weir site so that there is no serlous
hydrogeoiogxcal problem | - o



o The suitable concrete aggregate is composed of river deposits,
rock fall and terrace deposits which are located on the river flood
plain: ~of Agno river within 1 km from main intake weir. Sand
materials also expected to be taken from river flood plain within 1
km from mam ‘weir,

A g‘n'o'is _(3:77:0-7)

Agn0 -3 scheme is proposed as run-of-river type, consisting of
mam ‘weir, sub-weir and two additional intakes, power house, and
water way tunnel at upstream of Agno-2 scheme. The power house
is located at left bank of the Agno river at xmmedxately upstream of
mam 1ntake weir of Agno 2 scheme

The ‘main mtake' weir is located on the Agno river at about 8 km
upstream of power house site. Sub intake weir is located on the
~ unnamed trlbutary of the Agno river at 1 km southwest of main weir
and 25 km upstream from conﬂuence of the Agno river and its
trlbutary

| - The tunnel'rqute runs through the left bank of the Agno river.
* The total length of water way tunnel is 7.5 km with total head of 184
m..

- The water from sub-intake weir is conveyed by water way
tunnel to the rtegulating pondage of main intake weir. The water
way tunnel from main'intake weir co'ﬁveys the collected water to the
outlet of water way, and on the way to the power house it collects
'water by addxtlonal 1ntake ‘weirs from small creeks overpassed.

Regmnal geoiogy at’ the site is almost same as those of Agno-1
and Agno -2 ‘schemes. ~ Ambuklao fault is running south-north
direction in parallbl with the tunnel route. And also, this is through
the main"'intake site and power house.

Intake weir sﬂ;e 1s located on the ‘main Agno river, Intake
water from trxbutary by sub-intake weir is supplied to the regulating
| rc_s.crvpxr The nverbed is filled with 5-7 m thick sand and gravcl



Bed rock of right abutment consists of - early to mtddle Miocene
agglomerate and breccia covered with thin strongly - weathered zone,
Basement rock of left abutment is similar rock ‘and' covered “with
rather thick weathered zone. Rock quality of basement rock is fresh
and well compacted, and slightly weathered at left bank sue '

The  fault zone has N 30°W strike with 80°E 'dip which is
observed at right bank of downstream of intake weir axis, How{aver‘;
this fault could not confirmed at left bank site. Joints occurred 1 -5
ps/meter with N60°W/70°NE trend. Weir site will be  watertight or
low pervious. - | e |

The bed rock of water way route is underlain by well
compacted and slightly weathered Neogene instrucive quartz diorite.
It intrudes the eatly to middle Miocene ‘sedimentary rocks.
Ambuklao fault crosses. the outlet of main water way tunnel and
connection tunnel from sub intake weir, -

The power house 31te is undcrlam by horlzontally beddcd
conglomerate and sandstone interbedded volcanic flows of Ilate
Miocene to Pliccene covered with several meters weathered zone.
The thickness of weathered zone is rather thick in higher elevation.
Rock is good and well compacted but rich with parallel joints running
NI15°E direction.

Reservoir area is almost same area of flooded zonme. -There is no
serious water leakage in riverbed, however several sliding scars
form steep slope accumulating talus dcposits_ex_i,sti_n"g along the. river
side. |

The suitable concrete aggregate 1is .co'nipos;ed' of mc_taiiblcanic
rock fall and river deposits located at the riverbed within 2 km

downstream from intake weir. Sand and gravel is also to be taken
from same place. ' '

Kanan_(4-7-0-1)

Kanan scheme is proposed as a rockfill dam and reservoir type onr”
the Kanan river. The proposcd dam has a height of ‘approximately
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208 :n and crest length of about 300 m. . Proposed scheme is located
: on the Kanan river at 5 km upstream from confluence of the Kaliwa
and tho_Kanan rivers. Both rivers join into the Agos river and flow
down to the east, then out into the Polillo strait. The Agos river
basin s ‘situated on the eastern coast of Quezon Province in
southeastern Luzon; o : '

Accordmg to thc emstmg geologlcal map, reglonal geology of this
cheme is' underlain by wackes and graywackes associated with reef
limestone, basic to acidic lava flows .and pyroclasucs of Cretaceous
age to Miocene age.

At the damsite the kanan river flows north to south in a V-
‘shaped valley, There is scarely deposits on the riverbed where
massive, hard, and tightly jointed graywackes crop out continuously.

The right abutment is underlain by hard and massive
graywacke covered withe thin residual soil and forest. And a clear
straight gully is recoghized on the rlght abutment flanks during over
flight survey. This may coincide with an estlmated minor fault line
in northwest to southeast direction.

Slope of - left abutment is rather gentle and covered with
sacttered  trees. No bed rock exposes on the top of abutment. - The
surfaco is covered with thick residual soil without vegetation.

_ _The-bed rock of'b_oth abutments .scc_ms- to be low permeability,
however weathered rocks and residual soil on the left bank may be
deep. - Therefore large volume of excavation and grouting is to be
requlred ' ' '

Power house site s proposed at rlght bank site on a sequence of
tightly jointed .graywackes which is covered with rather thick
residual soil and talus. No serious geotechmcal problems are there.

Reservoir area. of about 16.6 km2 is underlain largely by
met_amorohosed]wackos and shale of Cretaceous to Paleogene. The
bed-'rock' of  reservoir area is seemed to be watertight, and reservoir
-slope is to be stable and less sedimentation. Because the stream
.water of the Kanan river is always clean though the kaliwa river is



muddy ' during rainy season.  Drainage area of --theVKanz{n*riQferf i
mostly covered with v1rgm forest and ‘typical landslide 18 not
observed. e ek

Quarry site to . ‘work fresh sound, and hard graywackes of
Cretaceous to Paleogene suitable for rock fill would be located at 1.5
km south of damsite. Sand and gravel, suitable -for rockfill “filter,
would be located in the riverbed 1 to 5. km ‘dt’)wns't'rfea'm from
damsite. Earth materials is expected to residual soil of- graywackes
which is located at 1 km east of damsne

Daraitan (4-7-0-2)

‘Daraitan scheme is proposed as dam and teservoir type on the
Kaliwa river at 22 km upstream from confluence of the Kaliwa and
Kanan rivers. The both rivers join into the Agos river and flows
down to the east, then out into the Polillo strait. The Agos river
basin is situated on the eastern coast of -Quezon Provmce A dan
height of 'about 98 m has been considered at this site,

Regjonal geology of the Agos basin is- undﬁrla'in: chiefly by
wackes or graywackes associated with reef limestone, basic to acidic-
lava flows ,and' pyroclastics of Cretaceous age to Miocene age. . .The.
distribution of these lithologic units seems to be extended . in nofth-
south direction by the movement of major fault zones whlch run
eastern part of the Agos basin. ' S

The major fault zones, which run from southeast to northeast in
Luzon island, seem to pass through the Polillo strait. The major fault
is a left-handed fault accompanied by derived minor faults in the
direction of north- northwest to south- southwest. ' S

According to the existing geological map. of rcgiorial geological
map of Agos river hydropower project in scale of '1:120,000 - (NPC-
JICA 1981), the proposed site is underlain by massive limeStox_ie:_io_f
Oligocene to Miocene age.  However several -large cavities are
reported in this limestone area. ' ' | '



‘The damsite is composed of steep topographic area overlain by
massive limestone in which some vertical open joints' and solution
caves cove're'd 'with forest are observed during the overflight survey.

Consequently, ‘this hmestone may be cavernous limestone in
spite of massive appearances. “The smtablllty for dam foundation has
to be studied carefully - on permeability in detail, however -this may
imply porvmus condition of the foundation rocks.  Therefore,
Daraitan damszte is not recommendable from hydrogeologlcal point
of vlew -

Upper_Agos-2 (4:7:0-5)
The Upper Agos-z scheme is proposed consisting of about 157
m high -concrete gravity dam and a reservoir. The proposed damsite

"is located on the Kanan river about 10 km wupstream of Kanan
'd'am'site in the Quezon -Province. ' '

Damsn:e is Iocated at high mountain range around 1,000 m in
elevation, The riverbed is some 40 m wide and the elevation is 166
m above sea level, w;th scarely scdlments of sand and gravel
materials,  The Kanan river at proposed site forms steep and deep
gorge. with outcrops of hard graywacke ‘sandstone. The proposed
damsite is covered with dense virgin forest, and hard bed rock
outcrops are observed only at toe of both abutments and riverbed.

- Steep mountainous topography of this arca seems to indicate
thin development of weathering. The exposed rock is seemed to be
fresh and hard with tight joints. Therefore, the bed rock of damsite
is to ‘be underlain by hard and indurated graywacke, covered with
very thm overburden. And probably depth of weathered rock 1is
shallow Then, the permeabihty at this scheme site will be very low.

A lineament, whlc_h is parallel to the straight river channel, is
interpreted on 'the left abutment. However, the continuation of the
' lin'earin_ent_' is not observed in a lohg extent implying a rather small
scale of the fault if it exists. Therefore, the total geologic assessment



at the damsite is excellent. It is recommendable to build high
concrete gravity dam. : S

Power louse site is proposed at right bank of the Kanan river
immediately downstream of damsite. Proposed power house site is
underlain by hard graywacke sandstone, covered - with very thin
residual soil. No serious geological problems are there.

Rescrvo:r ‘area is approxxmately 396 km2 . A'ccordi'ng to the: '
existing geological map of Umlray Quadrangle in scale of 150 (}00
(BMG 1983), most part of the reservoir area would be underlain by
graywacke sandstone, shale and conglomerate and pyroclastics of
Paleocene-Eocene Maybangain Formation (probabiy equwalent to
Baybas Formation). - : :

" General trend of the bedding planes of major faults and folds
axis run in NE-SW to N-S within the reservoir area. Most part -of the
reservoir area is covered with dense virgin forest and no ‘existing
land sliding is observed during overflight survey. Only the toe of the
reservoir slopes is free from vegetauon and debns up to the high
flood level.

The slope of the Kanan river seems to be stable, becausé the
Kanan river is always clean even if it heavily rains during rainy
season. The basement rock underlain and surrounding the reservoir
area which would be impervious, because exposcd rock .at riverbed
side seems to be tight and indurated. ' '

The suitable location for concrete aggregate materials to be
fresh graywacke sandstone on steep mountainous ridges about 1.5
km southeast of damsite. No sand and gravel materials are expedt'ed'
along the Kanan river near damsite, it will be manufactured from
rock of quarry site. o e

Wawa (4-115-1-1)




~ “Wawa scheme is proposed as a dam and reservoir type on the
. Wawa river. ‘The ‘proposed dam has a height of 136 m and a crest
length of about 280 m,

_'1_'Prop0fsed'.:schenxe is located on the Wawa river at 6 km east of
Montalban' in--Marikina - -valley, Quezon Province There, the Wawa
river runnmg " southeast-northwest crosses dlagonally a generally
north trending mountam ridge which reaches an elevation of 390 m
above sea level at Mt. . Bmmayan on the_ lIeft - bank_ side and Mt.
Pamitinan on’ ‘the right bank side, The both abutxﬁents flanks of
proposed dammte are formed very deep and steep canyon The
elevauon of nverbed is 30 m above sea levei and river width is 35
m,.

According to geological map of the Montalban Quadrangle in
scale of 1!50 000 (BMG 1983), the bed rock of this area is underlain
- by largely alternated Spllitlc green basalnc ﬂow, and interbedded
hard sandstone ‘and chert of Cretaceous Kinabuan Formatlon by fault
unconformably.

‘Madurum Formation is composed of three members which are
(from top to bottom) Buenacop limestone, Alagao volcanics, and
lower clastics. Buenacop limestone contain many fossils, and color is
cream to buff, upper part is massive to obscurely bedded, lower part
is thin to medium 'thickness bedding plain. |

: Alagao member is composed of a ‘sequence of agglomerate, tuff
'argﬂhte, mdurated graywacke, basaltxc flow and andesitic flow.
Clastic member is composed of thin to thick bedded carbonaceous
_sandstone and a sequence series of silty shale accompanied with
basal conglomerate.

o Angat Formatlon is composed of well bedded or massive
lzmestone locaily accompamed with thin layered silicic layer and
limestic ‘sandstone. Lower clastics consists of a sequency thin layered
that is .,_cerbonaceous_ shale, clayey sandstone, sandy limestone and
conglomerate.
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The strike of each formatlon is almost south-north . direction.
Dip is around 40-90°. . Folding is strong in. Madarum- formatlon and
Angat formation. ¥

One pair . of nearly parallel mchned faults, - namely Mankma
fault, from the 3 km in width graven structure.alluvial plain alongt
the San Mateo river. ~The Montalban fault, strikes N45°W; dipplng
stecply to tho northcast occurs . along the nght bank of Wawa nver

According to the "Geology and Foundatlou Problems of the '
Projected Marikina Arch Dam" (Generoso R. Oga Iose F. Potenmano, __
Dec. 1983 The Philippine Gcologlst Vol XVII, No. 4), The Mankma
dam is proposed as arch dam on ‘same location of the Wawa dam on
29 September 1953 for the multipurpose dam, and construction of
the dam was authorized on 16 June 1955, |

~ The dam will be about 170 m high, and haé a :'crcst_ length of _214_
m. Thickness of arch is 25 m at the base, and 5 m--on the 'top.'

However, the Marikina dam pro_gect is suspended on i960 due -
to enwronmontal and financial. problem Accordmg to the review of
IECO Apr. 1973, the Marikina da.m_was evaluated as feasx_b_le from
technical and economic standpoints. N S

According {o the report of Mankma dam pro;ect the bed rock
has enough strength for construction of arch dam (and concréte -
gravity dam). However, permeabxhty is so high in hxgher elevation,
special foundation treatment is requxred It is not only at dam axis
but also at high elevation of abutments and reservmr area. '

Proposed damsite is underlain by whlte .h_ard Miocé'ne:
limestone, and thin layers of chert are interbedded with tﬁo'
limestone. The intake weir of Manila Water Supply 'SyStem is located
at immediately upstream of proposed dam axis. The weir is conorete_
gravity non-gated type, w1th crest elevation of 62 m above sea Ievel

The riverbed of damsite is occupied by very big size rock" falls"_
and huge boulders from immediately downstream of existing - we’ir"t_o-
300 m downstream. These rock consists of white cream caves
solution limestone, probably these are fall from cliff of both
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abutments. . Both abutment form vertical very intense fractured
limestone wall, which are exposed from riverbed up to top of
a'b'utment.

There ‘is  one connection - foot pass from barric Wawa to
'upstream area on the left. abutment through excavated limestone
tunnel and flank of abutment.

: On the nght abutment several waterfalls flowmg into the river
from lateral solutxon holes are observed. Accordmg to the survey
results - of Marikina river multi- -purpose project, four major caves
were. conspscuously developed at different levels along the limestone
canyon. - All these caves are situated downstream of the proposed
dam In general these caves fonow NS to NE lme '

The results of boring survey indicated that limestone was
gener'aiiy sound and tight joints and low permeability, however
somet;mes numerous strong fractures intersect. And resuits of test
tunnels and adlts, “indicated that the fractures and fault were
'commonly tight 50 that during the excavation, tunnel was generally
unsupported and dry especxally below rlverbed

However, maximum recorded seepage flow in tunnel was 75.8
' 1/sec at 11 m below than water level of MWSS intake weir. In order
to prevent leakage and uphft consohdatlon and curtain grouting
under and around the dam is requlred 'The Montalban fault is the
' only major structure in the damsite at right abutment. But, the
basement rack of damsite has enough strength for dam foundation,

The power house is proposed at left bank near barrio Wawa.
Thls area is enough space for power honse area. As river deposits
w1dely spread on the rocks, it is necessary some special treatment.
_ There are some vertlcal f1ssure, fractured zone, which are supposed
to. be “fault of limestone. It is necessary special treatment such as
concrete plug.

In the reservoir area, topographic condition is flatter, and
covered with residual soil. Generally residual soil is impervious and
weathered_ rock zone probably rather thick. The bed rock of



reservoir area  is underlain by so called Kinabuan Formation
alternated - spilitic  basalt. R EEE

" The most suitable concrete aggregate will be collected frem the
riverbed near damsite and supplied from -the Mt. Naponang Bandy 1
km north of damsite, Sand’ materials is ‘expected within " 1 km’ down-
and upstream from ‘damsite which are aggregated by local people

Bosigon (5-14-1- 1)

Bosxgon scheme is located on the Bomgon nver at about 35 km
west of Daet city, Capital city of Camarmes Norte Provmce Tins
scheme is proposed as dam and reservo;r type. Rockfill type dam of
about 63 m hlgh has been considered. - '

Bos1gon river is snuated at Camarmes Norte of Blcol pemnsula
Camarines Norte contacts to Bondog pemnsula by the Phlllpplne fault
at south western part and thrust fault at ‘northern.  The mountam
Labo (942 m) is located at 25 km southwest of damsite_ This area is
an eminent heavy rain fall area of this 'country. L

The altitude of the Bomgon river at damsite is only 20 m above
sea level. Main stream of the Bosigon river is almostly flat and while
the tributaries has rather steep gradient, The mountain range of
reservoir area is formed by flat and rather low ‘mountain of about
200 m high above sea level. ' R -

According to Geologwal maps of the Bayabas and Panganiban
Quadrangle in scale of 1/50,000 (BMG 1984), the. reglonal geology of.
this area is underlain by largely Macogon Formauon (late Plelcocene)
and together Bosigon Formation (early Mmcene) and underhes_
Tigubinan Formation (Cretaceous) ‘and Labo volcamcs (quaternary
volcanics) distributed at southern part.

The following descriptions summ_arize each formation: |



_ Tlgunan Formatlon consists of graywackes, spilites, chert,
'andesne, cherty limestone, black tuffufaceous shale and Arkosic
('sandstone _

_ B031g0n Formatmn is - composed of lower member and upper
'member Tha_l_ow_er member consists of rhythmical facies of
congiomerate, sandstone, black carbonaceous shale and limestone.
ﬁThe upper member consists of basaltic flow, volcamc wackes,
brecctaceous tuff chert and limestone.

Ma_cog_oq ;F_o_rmatlon _consxsts of 'esscntialiy. andesitic pyréclastic
interbed few basaltic flow and tuffaceous black shale. = Labo vblcanics
* consists of alternated of andesite and diorite and- unconsohdated tuff
and pyrociastlcs -

The beddmg stnkes of scheme area are largely composed of
northwest to southeast dlrectzon, fault direction and fold axis are also
. same direction. A thrust fault is snua_ted at along the Achiban bay
locating at northeast of damsite, and also another thrust fault is
located. at the source of the Bosigon river 14 km southwest of
damsite. The fault across the Bosigon river at 7 km upstream of
damsite bounded Bomgon Formation and Tigbinan Formation.

The proposed scheme area consists of flat hill and the Bosigon
river valley. The bed rock is underlain by fresh hard and jointed
lava flow and- andesite rock which are exposed at siverbed. Both
abutments is strongly and deeply weathered and no fresh rock
expose as outcrops. Locally, some weathered rock fragment is still
remained in the residual soil. And also moderately weathered tuff
breccia and conglomerate is recognized at the toe of left abutment,

~The outcrop of damsite riverbed is underlain by hard lava flow
-whlch has enough sirength for fill dam foundation. However, due to
rich - open cracks and joints, permcabﬂxty of underlying dam
f_oundatlon is probably high.

Power house is proposed at right bank of the Bosigon river. Bed
rock of power house site is underlain by hard andesitic pyroclastics
flow covered with several meters slightly weathered rock, terrace
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deposits and residual soil. It may be strong"enbug?x‘_ 'for."fp'é\iféf':-h(s:pse- '
foundation. | LT T T e

Reservoir area . of about 37.1 km?2 is underlam by largely
andesitic pyroclastic interbed basaltic flow  and - tuffaceous black
shale. Leakage is to be expected only ‘at the - _|omted lava’ flow,
however that outcrop is recogmzed only near damsﬁe durmg the
field trip. ' R

The slope of reservoir area is composed of ‘strongly weathered
rock or very thick residual soil, so that slope is not so stable and sxlty
sedimentation after 1mpoundmg may be con31dered B T

Proposed quarry site for rackfxil matenal is located .at- 2 km
north from damsite and north side of national road route one which
is underlain by Parmisan diorite. ~ Sand and gravel is ‘to be used for
filter materials and aggregate is located - at 1-2 kﬁl"downstréan'i “of
damsite. Earth materials can be supplied by residual soil  of tuff
breccia 1-2 km upstream of damsite. '
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G'eo!ool_em'op-le qdupiedf from North—Wastern Luzon geological map In scale of 1:250,000
(JICA~MMJA 198])
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Fig. GEOLOGIC MAP OF DIBAGAT SCHEME
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Gaologic map is  adapted from Harth-Western Luzon: geolagical map in scale of I250 000
(JICA-MMJA 1981)
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Geologic. mapis adapted from geologlcal map of Kalinge~Apoyao in scale of I':'c.‘.'S0,0.(-).O
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